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TableI.1ListofAcronyms&Abbreviations

Abbreviation
APP
CBEP
CCMP
CLF
DI
EPA
GIS
GOMC
GPAC
GPS
GRTS
LIDAR
LTC
MDOT
MEGIS
MNRCP
NEP
NOAA
PI
PM
PSC
PSU
USM
QA/QC
QAPP
RTKGPS
SAP
SOP
WSR


Meaning
Appendix
CascoBayEstuaryPartnership
ComprehensiveConservationandManagementPlan
ConservationLawFoundation
Deionized(water)
U.S.EnvironmentalProtectionAgency
GeographicInformationSystem
GulfofMaineCouncilontheMarineEnvironment
GlobalProgrammeofActionCoalitionfortheGulfofMaine
GlobalPositioningSystem
GeneralizedRandomTessellationStratifiedSample
LightDetectionandRanging
Level,temperature,conductivity
MaineDepartmentofTransportation
MaineOfficeofGIS
MaineNaturalResourcesConservationProgram
NationalEstuaryProgram
NationalOceanicandAtmosphericAdministration
PrincipalInvestigator
ProjectManager
Plantspeciesofconcern
Practicalsalinityunit
UniversityofSouthernMaine
Qualityassuranceandqualitycontrol
QualityAssuranceProjectPlan
Realtimekinematicglobalpositioningsystem
SiteAnalysisPlan
StandardOperatingProtocol
WallaceShoreRoad,Harpswell
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1.4 ProjectOrganization
Thefollowingindividualswillcarryoutmajorresponsibilitiesfortheproject’sactivities.An
organizationchartisshowninFigure1.
Dr.CurtisBohlenisthePrincipalInvestigator(PI)andworkswiththeProjectManageron
protocoldevelopmentandrefinement.BohlenrevisedandeditedtheQAPP.ThePIreviews
andapprovesSAPs(SiteAnalysisPlans),andsupportsdataarchiving,dataQA/QC,data
processing,andanalysis.Bohlenleadsvegetationmonitoring.
MattCraig,istheProjectManager(PM)formarshmonitoringandtheprincipalQAPPauthor.
ThePMworkswiththePIonprotocoldevelopmentandrefinement,andisthepersonprimarily
responsiblefordevelopingSAPs,coordinatingwithpartners,implementingmonitoring
activities,managingdata,reportingtofunders,daytodaymanagementandtrainingoffield
staff,andassessingconsistencywithprotocols.
BryanHogan,EPAistheQAOfficerandprovidesQAoversightthroughtheQAPPdevelopment,
review,approvalandrenewalprocesses.
Dr.MatthewLiebman,EPAProjectOfficerforCBEP,coordinatesQAPPreviewandapproval
betweentheQAManagerandCBEP.
Projectpartnersincludefundersandagencies.CBEPworkswithprojectpartnerstodevelop
SAPsandensuresthatSAPprotocolsareconsistentwiththisQAPP.
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FieldStaffincludegraduatestudents,interns,temporaryfieldstaff,volunteers,and
collaboratingpartners.
Nora
Conlon,QA
Manager

Curtis
Bohlen,
Principal
Investigator

Project
Team

MattCraig,
Project
Manager

Project
partners
•


Figure1.OrganizationChart

Matt
Liebman,
Project
Officer



Fieldstaff

1.4.1 AmendmentsorrevisionstoQAPP
Overtime,amendmentsorrevisionstotheQAPPmayberequired.Revisionsmaybenecessary
(1)toreflectchangesinprojectorganization,tasks,schedules,objectives,andmethods;(2)to
adddescriptionsofadditionalmonitoringmethods;(3)toaddressdeficienciesand
nonconformance;(4)toimproveoperationalefficiency;and/or(5)toaccommodateuniqueor
unanticipatedcircumstances.RequestsforAmendments/RevisionswillbemadebyCBEPtoEPA
viaemail.Anychangesthatsignificantlyaffectthetechnicalandqualityobjectivesofthe
projectwillrequirearevisionandreͲapprovaloftheQAPP,andarevisedcopywillbesenttoall
personsonthedistributionlist.
1.5 ProblemDefinition/Background
1.5.1 ProblemStatement
ThisQualityAssuranceProjectPlan(QAPP)coversworkbytheCascoBayEstuaryPartnershipto
documentcurrentconditionof,andmonitorchangesin,tidalwetlands.Conditionoftidal
wetlandscanchangeduetonumerousfactors,suchaschangesinsurroundinglanduse,altered
hydrology,sealevelrise,climatechangeorenvironmentalrestoration.Aprincipalpurposeof
CBEP’stidalwetlandmonitoringinthepasthasbeentodocumentchangesintidalwetlandsin
responsetohabitatenhancementandrestorationprojectswhoseprimaryobjectivewasto
increasetidalexchangebyremovingorreplacinganexistingbuiltstructure(typically,aculvert).
7
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However,themethodsdescribedherecanbeusedtoevaluatesiteconditionsforother
reasons,ortotrackchangesintidalwetlandsoccurringinresponsetoothersourcesof
environmentalchange.ConcernintheNortheasthasbeengrowingaboutlongtermchangesin
coastalwetlands,especiallythosecausedbyclimatechangeandsealevelrise.Methodsused
fordocumentingresponseoftidalwetlandstorestorationanddocumentingresponseto
environmentalchangearebroadlysimilar.
ThisQAPPthusincorporatesmethodsthatcanbeused(1)forrapidsiteassessments,(2)forin
–depthcharacterizationofwetlandcondition,and(3)formonitoringmultiͲyearchangesintidal
wetlands,includingchangesthatoccurinresponsetohabitatrestorationorenhancement
efforts.
ThisQAPPoutlinesstandardprotocolsusedin(1)desktopevaluationsofsiteconditions,(2)
preliminaryand"rapid"siteassessmentsatsitesofinterest,and(3)inͲdepth,generallymultiͲ
yearmonitoringprogramssubjecttoSAPstailoredtospecificsites.
1.5.2 TidalRestrictionsandEcologicalRestoration
Saltmarshesarehighlyproductiveecosystemsthatprovidenumerousbenefitstohumanand
ecologicalcommunities.Saltmarshesremovenutrientsandotherpollutantsfromwater,
providefoodforshellfishandfinfish,providenurseryhabitatforjuvenilefish,providecritical
habitatforcertainbirdsandwildlife,mitigatefloodsandattenuatewaveenergy,andserveas
recreationaldestinationsforpeople.(Tyrell2005;Taylor2008).
Saltmarshesmaintainecologicalfunctionsandvaluesthroughintrinsicprocessesincluding
regularexchangeandinundationoftidalwater,whichtransportssalt,nutrients,nekton,and
sedimentsviatidalcreeks,aswellasviasheetflowacrossthemarshsurfaceduringastronomic
hightides.Tidalcreeksalsoprovidefreshwaterdrainageoutofamarshsystem.(Mitschand
Gosselink2001;Taylor2008).
Hydrologicprocessescanbealteredwhenroads,railroads,utilities(water,sewer,gas),and
otherstructuresareconstructedovermarshesandestuaries.InCascoBay,theexchangeof
freshandsaltwaterbeneaththesestructuresisoftenconcentratedthroughculvertsatthe
creekchannel.Manyundersizedorpoorlysettidalculvertswereinstalledwithoutsufficient
attentiontoatidalcycles,floods,stormsurgeandsealevelrise.Consequently,tidalculverts
arefrequentlyundersized,misaligned,orsetatthewrongelevation,anditiscommonforall
threeconditionstooccuratasite.Thesedeficienciesresultinalterednaturalhydrologyand
associatedimpactstocoreecologicalprocesses,andareoftendescribedastidalrestrictions.
Tidalrestrictionsconstrainthefreeexchangeofsaltandfreshwaterbetweenupstreamand
downstreamwetlands,alteringnaturalhydrologyandassociatedprocesses,resultingin
reducedduration,depth,andextentoftidalinundation;reducedfreshwaterdrainageoutof
themarsh;andimpoundmentofsurfaceandgroundwater.Hydrologicalterationcanleadto
8


CascoBayEstuaryPartnership



TidalWetlandMonitoringQAPP

colonizationbynonͲnativespecies,aswellaschangestoplantcommunitycomposition,
biogeochemistry,salinity,waterquality,sedimentandnutrientexchange,andfaunal
populations.(BurdickandRoman2012).
Insomecases,theimpactsassociatedwithtidalrestrictionscanbereducedorreversed,and
wetlandcommunitiesenhanced,bypartiallyorfullyrestoringnaturalhydrologicalprocesses.A
typicaltidalrestorationprojectwouldreplaceanundersizedculvertwithalargernew
structure.Thisepisodicchangeinhydrologycan,overtime,enhancephysicalcharacteristicsin
amarshandallowforreestablishmentofplantandanimalcommunities(ibid).
TidalrestorationatrestrictedmarsheshasbeenaprioritywithintheGulfofMainefordecades
(NecklesandDionne2000;GOMC2004),andwithinCascoBay,since1999,whenCBEPand
projectpartnerslaunchedphaseIoftheReturntheTidesproject,whichinventoriedtidally
restrictedsaltmarshesinCascoBay(CLF2000).TidalrestorationhasbeenafocusofCBEP
habitatrestorationeffortssincetheCLFreport,butCBEPcapacitytoleadimplementation
increasedin2008andasof2017,severaltidalrestorationprojectshavebeenundertaken.
Protecting,restoringandenhancingkeyhabitatsinCascoBayisoneoffourcoregoalsofthe
2016Ͳ2021CascoBayPlan,whichservesastheCCMPforCBEP.Action1.2AofthePlancallsfor
CBEPtoleadcoastalhabitatrestorationandenhancementeffortswithafocusontidal
wetlandsandtidalrestrictions.
CBEPhasfacilitatedthreetidalrestorationprojectsasof2016andhasdevelopedand
implementedsiteͲspecificmonitoringplansforthesesites.Integratedapproachesto
ecosystemmonitoringprovideinformationaboutprojectoutcomesthatinformfuture
assessmentandmanagementactivities.Monitoringreportsareprovidedtoprojectfunders
includingMDOT,MNRCPandNOAA.
1.5.3 LongTermChangesinTidalWetlands
Hydrologyiswidelyrecognizedasamajordriverofwetlandecosystemstructureandfunction
(MitschandGosselink2001).Tidalwetlandsoccurinareasinundatedperiodicallybytidal
action.Theecologyofthesewetlandsisstronglystructuredbyenvironmentalgradients
createdbythetides,especiallythoserelatedtoinundationandsalinity.
Localprojectionssuggestanywherefrom0.5meterto2metersofrelativesealevelrise(SLR)in
theCascoBayregion(e.g.,Bohlen2012).The2014NationalClimateAssessmentoffersariskͲ
basedrangeoffromonetofourfeetofglobalsealevelrisebyendofthecentury,whilenoting
thathistoricallevelsofSLRinthenortheasthaveexceededglobalaverages(Melilloetal.2014,
Hortonetal.2014).ImpactsofSLRontidalwetlandshavebeenwelldocumented,especiallyin
areaswithlimitedtidalrangeandelevatedsubsidence.
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Inrecentdecades,wetlandmanagershavebecomeincreasinglyconcernedaboutthepotential
impactofsealevelriseontidalwetlands,andcallshaveincreasedforcreationofnetworksof
“sentinelsites”totracklongͲtermchangesinsaltmarshesandothercoastalecosystems(e.g.,
theNROC/NERACOOSSentinelMonitoringNetwork,andtheNERRSSystemWideMonitoring
Program).
SLRisnottheonlypotentiallongͲtermdriverofchangeincoastalwetlands.Whiledirectfilling
oftidalwetlandsinMaineisrelativelyrareduetoregulatoryrestrictions,lessdirect
anthropogenicimpactsarewidespread.Precipitationpatternsthenortheasthavealteredin
recentyears,leadingtoincreasesintotalprecipitationandashifttowardmoreintensestorms.
Thosetrendsareexpectedtocontinue.Climatewarminghasshiftedpeakriverflowsearlierin
thespring,andislikelytoaffectsaltmarshecosystemsindirectlythroughanumberof
mechanisms,suchasareductioninicescour,orincreasesinevapotranspiration.Deeganetal.
havedocumentedchangesintidalmarshstructureandfunctionfollowingexperimental
increasesinnitrogenloading(Deeganetal.2012).NonͲnativegreencrabs,whichboomedin
populationfollowingthewarmwintersof2012and2013werewidelyreportedtoburrowinto
tidalcreekbanks,acceleratingerosion.Howsuchstressorswillinteractwithsealevelrise
remainslittleunderstood.
AprimarypurposeoflongͲtermsaltmarshmonitoring,therefore,istoobservechangesin
coastalwetlandstoprovideinsightintoforcesdrivingchangesintidalwetlands,improve
forecastingoffuturewetlandcondition,providegroundtruthdatatocomparewithmodel
forecasts,andguidefuturediscussionofpotentialwetlandmanagementalternatives.Thegoal
isnotshortͲtermhypothesisͲdrivenscience,butlongͲtermcollectionofdatausingconsistent
methodstoprovidebackgroundunderstandingofpatternsandchange.
1.6 ProjectDescriptionandSchedule
1.6.1 Description
Thestrategiesandactionsoutlinedinthe2016Ͳ2021CascoBayPlan,(EspeciallyActions1.2.A:
Leadcoastalhabitatrestorationefforts;and4.3.B:Facilitateimprovedresearchonchangesin
CascoBay)callforcontinuedmonitoringoftidalmarshesinCascoBay.Thepurposesofthis
monitoringinclude:
(1) assessingtheimpactoftidalrestrictionsͲbuiltinfrastructure,suchasroads,railroads,
dikes,dams,andotherstructuresͲontidalmarshcondition;
(2) monitoringecosystemresponsetorestorationandenhancementactivities,suchas
culvertreplacements;and
(3) DocumentinglongͲtermchangesinCascoBay'stidalwetlands.
Monitoringresultswillbeusedtoinformfutureassessment,restoration,andmanagement
activities.
10
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ThisQAPPservesasanumbrelladocumentforoutliningprotocolsfordatacollectionintidal
marshes.Proceduresdescribedhereincludebothrapidsiteassessmentmethodsusedforsite
assessmentsbeforealongͲtermmonitoringisestablishedatasite,aswellasmethodsusedfor
longͲtermmonitoring.SiteͲspecificmonitoringsamplingandanalysisplans(SAPs)are
developedforprojectsiteswhenthedecisionismadetoestablishlongͲtermmonitoring,based
onsiteͲspecificprojectgoalsandobjectives,andrequirementsofprojectfunders.
Monitoringoftidalwetlandsfallsintothreenaturalphases:
(1) Initialsiteassessment,includingassessmentofrestorationfeasibility;
(2) DocumentationofbaselineconditionsandestablishmentofaframeworkforlongͲterm
monitoring;and
(3) Longtermmonitoringtoevaluatechangesinthemarshsystemovertime.
Phase1(SiteAssessment)iscarriedoutprincipallyusingdesktopassessmentandrapid
assessmentmethodologies.Forevaluationofpotentialrestorationsites,itincludescollection
ofadditionaldatasufficienttoevaluateecologicalandengineeringfeasibilityofrestoration,
suchasdataonmarshhydroperiodandmarshsurfaceelevation.TheprimarypurposeofPhase
1datacollectionistoprovideinformationtoevaluatesitesasrestorationopportunitiesorlongͲ
termmonitoringsites.Siteassessmentsmayalsobecarriedouttoprovideinformation
(sometimesattherequestofpartnerorganizations)onconditionoftidalwetlands.Phase1
assessmentmethodsareintendedtobeflexible,inexpensive,andquick,involvinglimitedtime
inthefield,andprovidingmostlyqualitativeinformation.Siteassessmentsmayormaynot
resultinproductionofaformalassessmentreport.Phase1evaluationswillbecarriedout
withoutdevelopmentofaSAP.
Phase2(BaselineConditionandMonitoringFramework)representsasignificantinvestmentin
planninganddatacollection,andwilltypicallyonlybecarriedoutatsiteswhereadecisionhas
beenmadetoestablishlongͲtermmonitoring.WherelongͲtermmonitoringisplanned,aSAPis
requiredandwillbedevelopedbeforebaselinemonitoringbegins.
Phase3(LongTermMonitoring)representsongoingmonitoringprograms,typicallycontinuing
forthreeyearsormore.ASAPwillberequiredbeforelongͲtermmonitoringbegins.
1.6.2 SpecialPracticesforMonitoringRestorationSites
Theoverallgoalofmonitoringrestorationprojectsistounderstandtheimpactofrestoration
onecosystemstructureandfunction.Thestrategyistodocumentandassesstidalmarsh
conditionspreͲandpostͲproject,andevaluatechangestothemarshthatoccurasaresultof
tidalrestoration.Monitoringresultsareusedtoinformfuturetidalrestorationassessmentand
restorationprojectwork,andtoreporttoprojectpartners.
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Toachievethat,wedocumentandassesstidalmarshconditionspreͲandpostͲproject,bothat
theprojectsiteandatanearbyreferencesiteunaffectedorminimallyaffectedbyrestoration.
ProjectSiteandReferenceSitearedefinedintheSAP.ChangesobservedattheProjectSite
thatarenotalsoobservedattheReferenceSitearelikelytobetheresultofrestoration
activity.Fortidalrestorationprojects,theProjectAreaisgenerallyimmediatelyupstreamof
thestructure(culvert,dam,etc.)beingalteredtorestoretidalflow,whilethereferencearea
maybenearbyorimmediatelydownstream.
LongͲtermmonitoringofrestorationprojectsbeginswithinitialsiteassessment(Phase1)and
formalcollectionofbaselinedata(Phase2)atleastonefieldseasonpriortoproject
implementation.PreͲprojectassessmentprovidesanessentialcomparisonwithpostͲproject
(Phase3)monitoring.
1.6.3 ProjectSchedule
FieldbasedassessmentandmonitoringoccursbetweenAprilandOctober.Additional
informationisprovidedinconjunctionwithprotocolsforindividualmonitoringparameters.
MonitoringlocationsandschedulesaredefinedinsiteͲspecificSamplingandAnalysisPlans
(SAPs.)Current(Summer2018)monitoringlocationsinclude:
x
x
x
x

AppletreeMarsh(Harpswell,Maine),
HighHeadRoad(Harpswell,Maine),
LongMarsh(Harpswell,Maine),and
ThomasBayMarsh(Brunswick,Maine).

Weanticipateaddingadditionalmonitoringsitesanddatesinthefuture,bothforcontinued
monitoringofrestoredsitesandalsofortrackingofchangesintidalwetlands.
1.7 QualityObjectivesandCriteria
Monitoringtasksareoftensimilarregardlessoftheobjectiveofthemonitoringprogram.
Phase1:InitialSiteAssessments
Qualityobjective1:Documentcurrentconditionoftidalwetland(Rapidsiteassessment).
Task:Conduct"desktop"assessmentoftidalwetlandcondition
Task:Conductrapidfieldassessment
Task:Documentvisualindicatorsofalteredhydrologyfromanthropogenicstructures
Qualityobjective2:Assessimpactsofbuiltstructure(s)onmarshhydroperiod.
Task:Documentvisualindicatorsofalteredhydrologyfromanthropogenicstructures.
Task:Documentthenatureandphysicalcharacteristicsofthetidalrestrictionorother
structure
Task:Monitorsurfacewaterlevel(tidalsignal)andsalinityupstreamanddownstream
ofthestructure.
12
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Qualityobjective3:Assesswhethertidalrestorationisasuitablemanagementresponseto
relieveorreverseimpactsoftidalrestrictions,toenhanceecologicalprocesses,ortopromote
ecologicalresilience.
Task:EvaluateelevationofmarshandlowͲlyinguplandareasinrelationtotidaldatums
andwaterleveldata.
Task:Preparehydrologyandchannelmorphologydataforhydraulicmodeling
associatedwithengineeringfeasibilitystudies.
Task:Summarize,analyze,andcharacterizehydrologymonitoringresults.
Phase2:BaselineMonitoring
Qualityobjective4:Characterizesitecondition
Task:DevelopSamplingandAnalysisPlan(SAP)forthesitebasedonrapidassessment
andotheravailabledata
Task:Documentorsamplevegetationcommunities
Task:Surveyforthepresenceofinvasiveplantspecies
Task:Sampleandmonitorporewatersalinity
Task:Sample/surveychannelmorphology
Task:Monitorsurfacewaterlevel(tidalsignal)andsalinity
Task:Sample/surveymarshsurfaceelevation
Task:Summarize,analyze,andcharacterizeassessmentdata
Phase2:LongTermMonitoring
QualityObjective5:MonitorChangesinSiteCondition
toassesslongtermchangesinmarshcondition,ordocumentchangestothemarshsystem
associatedwithrestoration.
Task:Documentorsamplevegetationcommunities
Task:Surveyforthepresenceofinvasiveplantspecies
Task:Sampleandmonitorporewatersalinity
Task:Sample/surveychannelmorphology
Task:Monitorsurfacewaterlevel(tidalsignal)andsalinity
Task:Sample/surveymarshsurfaceelevation
Task:Surveyforthepresenceofinvasiveplantspecies
Task:Summarize,analyze,andcharacterizeassessmentdata
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Table1.DesktopandRapidAssessmentMethods,Purpose,andDataQuality.Desktopandrapidassessmentmethodsareusedduringinitialsite
assessments.RapidassessmentdatasupportdecidingwhetherinͲdepthdatacollectioniswarrantedandprovideinformationtofacilitate
developmentofaSAP.

Parameter/
Measurement
SiteElevation

Watershed
size

WetlandArea



Descriptionof
Method
LiDARcoverage
oftheCascoBay
regionassembled
byCBEPfrom
NOAAandUSGS
LidarCoverages.
Bohlenetal.2012
GISanalysisof
DEMs,typically
derivedfrom
LiDAR

Purpose

DataQuality
Goals
Comparemarsh Availablepublic
elevationwith data;Vertical
tidaldata
accuracy25cm
MSE,horizontalч
5mgridsize.

Characterize
freshwater
inflows
comparedto
tidalexchange
Interpretationof Identify
NationalWetland approximate
Inventorydata
wetland
boundaries
Interpretationof Identifyhigher
aerial
resolution
photographs
wetland
boundaries

±10%

Comment

UTMZone
19North,
NAD83,
NAVD88

Usedtocalculatehydroperiodandtidal
prism;andidentifydiscrepancies
betweenobservedandanticipated
vegetation

Acres,
square
metersor
hectares

±10m

±2m
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Units

LowerresolutionDEMs(ca.5or10m
grid)canbeeasiertoworkwith,and
oftenprovidesimilaraccuracyforthis
purposecomparedwithhigher
resolutiondata.
UTMZone NWIdatastandardscallformapping
19North, wetlandsdownto1acre(SeeUSFWS
NAD83
2004),withapositionalaccuracyof10m
(33feet).
UTMZone Recentgeoreferencedimageryis
19North, availablethroughtheMEGIS,Google
NAD83
EarthandArcGISbasemaplayers.

CascoBayEstuaryPartnership



TidalWetlandMonitoringQAPP

Table2.RapidAssessmentMethods,Purpose,andDataQuality(Continued)

Parameter/
Measurement
Surrounding
development





Vegetation

Descriptionof
Method
Qualitative
field
observation;
Analysisof
aerial
photography
GISanalysisof
landcover
data

Purpose

DataQualityGoals Units

Assesswhether
Qualitativeonly
areasurrounding
thetidalwetland
hasahighlevelof
development
Calculatepercent
developedin
bufferand/orin
watershed

Bestavailabledata, Percent
consideringdate
developed
andresolution;
Resolutionno
worsethanNLCD
2011at30mgrid.
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https://catalog.data.gov/dataset/nationalͲlandͲ
coverͲdatabaseͲnlcdͲlandͲcoverͲcollection

Maine'smostrecentlandcoverdatais
ona5mgrid,butitdatesto2004,soit
isonlysuitablewherelittlelanduse
changehasoccurredasassessedby
lookingataerialphotography.
GISanalysisof Assesspercent
Bestavailabledata, Percent
Maine'shighresolutionimpervious
impervious
imperviousin
consideringdate
impervious coverdatadatesto2007,with1m
coverdata
bufferand/orin
andresolution
resolution.Nomorerecentdatais
watershed
available.
Plotless
Document
Identifycommon
Presence/ Approximatelocationsofobservations
"relevé"
commonand
plantspeciesand
absence;
documentedwithnotesonpapermaps
observation
dominantspecies majorvegetation
Qualitative and/orGPScoordinatesrecordedwith
ofvegetation
types(e.g.,low
relative
consumerͲgradeGPSreceivers.
composition
marsh,highmarsh) abundance




Low,
Medium,
orHigh

Comment
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Table2.RapidAssessmentMethods,Purpose,andDataQuality(Continued)

Parameter/
Measurement
Spatialpattern
ofvegetation
zones




Indicatorsof
altered
hydrology

Descriptionof
Method
Aerial
photography
interpretation

Purpose

Document
broadͲ
characteristicsof
vegetation
Sketchmapon Document
preͲprinted
changesin
sitemaps
vegetation(e.g.,
alongasalinity
gradient)
Mappingof
Trackchangesin
vegetation
locationofmajor
boundaries
vegetationzones
usingGPS
(e.g.,lowmarsh,
highmarsh)
Sitevisit
Document
evidenceof
hydrologic
alteration

DataQualityGoals Units

Comment

±10feet/3m.
Notelarge(>750
sqfeet/65sqm)
inclusions
Approximate
locationsonly

Recentgeoreferencedimageryis
availablethroughtheMEGISand
GoogleEarthandArcGISbasemap
layers.


UTMZone
19North,
NAD83

Approximate
locationsonly

UTMZone
19North,
NAD83
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UTMZone
19North,
NAD83

±10feet/3m;
Notelarge(>750
sqfeet/65sqm)
inclusions




UTMZone
19North,
NAD83

Highqualityboundariesrequireuseofa
surveyͲgradeGISreceiver,suchasthe
TrimbleGeoXT.ConsumerͲgradeGPS
receiversdonotrecordPDOP,makingit
difficulttoevaluatedataquality.
Indicatorsinclude,presenceofscour
pools,changesinvegetation,
observationofrestrictedflow,changes
inwatersurfaceelevationetc.
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Table2.PrincipalParameters,PurposesandAssociatedDataQualityGoals.PrincipalparametersaremeasuredforinͲdepthsitecharacterization,
andaspartoflongͲtermsitemonitoringofrestorationsitesandreferencesites.Nominalmethodperformanceinformationisprovidedintable4.

Parameter/
Measurement
Porewater
salinity

Surfacewater
salinity



Purpose(s)

DataQualityGoals

Distinguishbetweenfresh(<0.5
‰),oligohaline(<5‰),
mesohaline(<18‰),polyhaline
(<30‰)andeuhaline(<36‰)
conditions.
Identifydifferencesorchangesin
porewatersalinityof5‰

Measuresalinityto±1
‰below5‰,andto
±2‰above5‰

Porewatersalinityismeasuredonsamplesin
thefieldusingarefractometer,which
measuresin‰(partsperthousand).Sample
volumesarenotsufficienttoallowuseof
electrochemicalconductivitymeters.
Measuresalinityto±2.5 Forcomparisonsofconditionsabove/below
‰throughoutrange
tidalrestriction;before/afterrestoration;by
timeofyear,etc.
Salinityto±1‰/±1
Whilesurfacewatersalinityisprincipally
PSUbelow5‰/5PSU, measuredusingelectrochemicalconductivity
sensorsondataloggers,refractometers
andto±2‰/±2PSU
(reportingsalinityin‰)areusedduringrapid
above5‰/5PSU.
siteassessments.


Distinguishbetweenfresh(<0.5
‰),oligohaline(<5‰),
mesohaline(<18‰),polyhaline
(<30‰)andeuhaline(<36‰)
waters;profilesalinityupstream
todownstreamalongtidal
channelsorinsurfacepools
Documenteffectoftidal
Accuracy,1Ͳ2PSU;
restrictionsonsurfacewater
Range<1to37PSU.
salinityandassessmixingoffresh
andsaltwater.
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Comment

Surfacewatersalinityisprincipallymeasured
usingconductivitysensorsondataloggers
(reportingsalinityinPSU).Targetsalinity
rangecorrespondstospecificconductanceof
2,000uS/cmto55,0000us/cm.
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Table3(continued).PrincipalParameters,PurposesandAssociatedDataQualityGoals

Parameter/
Measurement
Elevation;
Channelcross
section;
channelprofile
(depth)


Purpose(s)

DataQualityGoals

Linkelevationofinstrumentsto
±2inches(5cm)
verticaldatum,otherinstruments
ortomarshsurface

Thismeasurementinfluencesdataqualityfor
manypurposes.Accuracyofmeasurements
madewithopticallevelsisinfluencedbyfield
conditions(wind,soilstrength,etc.).

Documentrelativetidalmarsh
elevationprofilesorcrossͲ
sections

±2inches(5cm);
±8inches(20cm)

Documentchangesinchannel
depthandcrossͲsection

±0.1foot(~3cm)
vertical,±0.25foot(~
7.5cm)horizontal;
Document20%change
incrossͲsectionalarea.

Profilesmeasuredwithopticallevelsachieve
thehigherprecision.AvailableLIDARcoverage
(2017)isincompleteandhashighnominal
error(±16.5cmRMSE),althoughcomparison
withRTKGPSsuggestsperformanceisoften
betterthanthatsuggests.
Geometricapproximationsintroduce
uncertaintyincrosssectionestimates,which
arecontrolledbyselectionofmeasurement
pointsinthefield
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Comment
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Table3(continued).PrincipalParameters,PurposesandAssociatedDataQualityGoals

Parameter/
Measurement
Watersurface
level

Purpose(s)

DataQualityGoals

Relatewatersurfaceelevationto
predictedandobservedtidesat
NOAATideStationatPortland,
Maine

Within±5minof
nominal;surfacewater
elevationto±2inch(5
cm);tieͲintovertical
datum±2inches(5
cm).

Relatewatersurfaceelevationto
marshsurfaceelevationsand
assesshydroperiod

Measurementsof
surfacewaterelevation
to±2inch(5cm)

Accuracyofcomparisonisgenerallylimitedby
qualityoftopographicdata(LIDAR).

Documentdifferencesin
hydrologyaboveandbelowtidal
restrictions;documentchangesin
hydrologyinresponseto
restoration.

1inch(2cm)vertical
elevation,dataatleast
every15minutes.Time
ofmeasurementswithin
±5minutesofnominal

TieͲintoverticaldatumnotalwayspracticalor
necessary.Precisionoftenlimitedbyaccuracy
ofleveling,notprecisionofwaterlevel
sensors.
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Comment
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Table3(continued).PrincipalParameters,PurposesandAssociatedDataQualityGoals

Parameter/
Measurement
Vegetation
community



Purpose(s)

DataQualityGoals

Comment

Documentcompositionof
vegetationandchangesin
compositionofvegetation

Recordpercentcover
withsufficientprecision
toallowclassification
intoordinalcover
classes

Documentchangesinvegetation
overtime

Placerepeatvegetation
plotswithin~3meters
ofnominallocation

Givenhighobservationalerrorsusingvisual
percentcoverestimates,ordinalcoverclasses
(e.g.,BraunͲBlanquetcoverclasses:Rare;ч
1%;ч5%;ч25%;ч50%;ч75%;ш75%).or
presenceͲabsencedatasupportmorerobust
analysesthanusingpercentcovervalues.

Documentordetectchangein
plantspeciesrichness



Identify80%of
taxonomicunitsto
species.
Documentordetectchangein
Recordcoverof
Dominantspecies:>50%coverinanyplot
dominantordiagnosticplant
dominantandcommon Commonspecies:presentin>10%ofplots
species(e.g.,Spartina,Typhaand speciesto±10%.
Salicorniaspp.).
Identifyatleast80%of
plantcoverineachplot.
Documentshiftsinspecies
Recordcoverof
composition(presence/absence) dominantandcommon
speciesto±10%.
Identifyatleast80%of
plantcoverineachplot.

20



CascoBayEstuaryPartnership



TidalWetlandMonitoringQAPP

Table3(continued).PrincipalParameters,PurposesandAssociatedDataQualityGoals

Parameter/
Measurement
Speciesof
Concern

Purpose(s)

DataQualityGoals

Comment

Determinewhetherspeciesof
concernarepresentonsite,
determinewhetherandwhereto
implementinvasiveplant
controls.

Presence/absence;
Approximatelocation
(torelocatestandsin
subsequentvisits)

Speciesofconcerntypicallyincludeinvasive
plants.
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Table3.Principalparametersmeasuredinthefield,instrumentsandmethods,withnominalmethodperformancespecification,basedon
instrumentmanualsandspecificationdatasheetslistedinApp.A.

Parameter

Units

Method/Instrument

Salinity,by
‰orPSU
refractometer

Salinityby
datalogger

Range

AdvancedMicroscopy 0to50‰
GroupRHSͲ10ATC
salinityrefractometer
withautomatic
temperature
compensation(or
similar)
OnsetHOBOSalt
2–35PSU
Water
Conductivity/Salinity
DataLogger

PSUor‰
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Accuracy
±1‰

Precision/ Comment
Resolution
1‰
Therefractometerisusedfor
measuringsalinityin
groundwaterandforrapid
assessmentofsurfacewaters

5%of
2uS/cm
readingin± (<<0.1
3,000
PSU)
μS/cm
waters

SalinitycalculatedusingPSSͲ
78,thePracticalSalinityScale
1978,inHOBOWarePro.
Thesevaluescorrespondto
specificconductanceof5,000
to55,000uS/cm(highrange)
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Table4(continued).Principalparametersmeasuredinthefield,instrumentsandmethods.

Parameter

Units

Method/Instrument

Range

Precision/ Comment
Resolution
Channelcross Ft.(NAVD88); TopconATͲB3auto
Distance:1 Elevation:
Varieswith Fieldconditions(mud,wind;
level
ft.to500
Std.dev.for distance
etc.)candegradedataquality
sectionarea;
Ft.2
ft.
1kmdouble
belownominalinstrument
channel
runleveling:
values
longitudinal
1.5mm
profile(depth)
CrainSVRͲ25ͲTenths
0to25ft. Varieswith .01ft(~2

stadiarod
extension
mm).
height
KesonEnglish/Metric 0to300
±.01ft.;2
.01ft.;

OpenReelFiberglass ft.;0to
mm
2mm
Tape
100m
Inpractice,dataqualityis
Watersurface Ft.(NAVD88); OnsetHOBOTitanium 0to13ft. Typ.:±0.01 0.005ft.
level
WaterLevelData
ft;Max.:
limitedbyaccuracyof
Logger;Onset
0.02ft
leveling,notnominal
BarometricPressure
accuracyofinstruments
Sensor
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Accuracy
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Table4.Principalparametersmeasuredinthefield,instrumentsandmethods(continued).

Parameter

Units

Vegetation
Community



Range

Accuracy

PercentCover Visualpercentcover
estimatesin1m2
plots

0Ͳ100%
(coverby
species)

See
Comment

BraunͲ
Blanquetor
Standard
CoverClasses
(App.A)
Presence/
Absence

ModifiedBraunͲ
Blanquetcover
classes:Rare;ч1%;ч
5%;ч25%;ч50%;ч
75%;>75%)
Visualobservationin1
m2.plots

Ordinal
values

Ordinal
values

Precision/ Comment
Resolution
±1%
Datarecordedtonearest1%.
Accuracyvaries:
±1%forcover<10%;
±5%forcover<25%;
±10%throughoutrange.
Ordinal
Ordinalcoverclassesare
values
derivedfrompercentcover.

Present/
Absent





Speciesof
Concern

Presence

Present/
Absent







Location
(UTMZone
19N,NAD83)
Location
(UTMZone
19N,NAD83)

Visualobservations
duringameander
surveyofthemarshor
projectarea.
ConsumerͲgradeGPS
(e.g.Garmin)with
WAASenabled
Interpretationof
georeferencedaerial
photographs





Method/Instrument

Worldwide ±3m
(typical)
Depends
onimage
availability
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±1m
(UTM)

Dependson Depends
image
onimage
quality.
quality

Derivedfrompercentcover.
Identify80%ofspeciesand
80%ofcoverineachplot




Methodnotusedifimage
qualitycannotsupport
accuracyof±5morbetter
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1.8 SpecialTrainingandCertifications
Fieldcrewmemberswillhavesufficientprevioustrainingandexperiencetoreliablyconduct
fielddatacollectionortheywillreceivetrainingfromtheCBEPProjectManager,Director,
and/orotherscientistswithrelevantexpertise.Allfieldcrewmemberswillreceivetrainingon
appropriateQA/QCprocedures.
1.9 DocumentsandRecords
ThemostcurrentapprovedversionoftheQAPPwillbeprovidedtotheappropriatepersonnel
bytheCBEPProjectManager.Alldatacollectedwillbemaintainedinrawform(paperoriginals
andscannedcopiesoforiginalfielddataforms)andelectronicform(databaseandimage
library)intheCBEPProjectManager’sofficeatUSMWishcamperCenter,34BedfordStreet,
Portland,Maine.TheQAPPandSOPswillbedatedtodistinguishamongdifferentversionsin
casetherearerevisionsmadeoverthecourseoftheproject.Electronicdatarecords,including
resultsoftheassessmentsandanalyses,willalsobemaintainedatCBEPforatleastfiveyears.
TheProjectManagerwillberesponsibleforassuringthatallpartiesandprojectpersonnelhave
themostrecentversionoftheQAPP,anyamendmentstotheQAPP,andanyupdates.The
ProjectManagerwillensurethatinstrumentoperatormanualsandstandardoperating
protocols(SOPs)areuptodateandavailableduringtheperiodoftheproject.Table5lists
specificdocumentsandretentionprotocols.
Table4.Documentandrecordretentioninformation.

Document/Record
QAPP
Fieldnotebooks
SOPs
Datasheets
Continuous
hydrologydata
Projectdatabases
AnnualReportwith
datainterpretation

Location
CBEP,EPA
CBEP
CBEP
CBEP
CBEP

Retention
5years
5years
5years
Indefinitely
Indefinitely

Form
Paper/electronic
Paper
Paper/electronic
Paper/electronic
Electronic

CBEP
CBEPandfunding
partners

Indefinitely
Indefinitely

Electronic
Paper/electronic



ʹ MeasurementandDataAcquisition
2.1 Introduction
CBEP’sinͲdepthmarshmonitoringprogramsgenerallyfollowprotocolsoutlinedintheGPAC
Protocols(Neckles&Dionne2000ͲͲincludedasAppendixB;Necklesetal2002),which
recommendatieredapproachtomonitoringofhydrology,vegetation,andothervariables.
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CBEP’scurrentmonitoringprogramemphasizesdocumentingchangesinsurfacewaterheight
andsalinity,groundwaterdepthandsalinity,porewater(soil)salinity,channelmorphology,
andvegetationpattern.Monitoringandassessmentactivitiesoccurattidalmarshesaround
CascoBay,particularlythosewheredocumentedstructuressuchasroads,railroads,dams,
dikes,orotherstructuressuspectedtoaffectthemovementofwaterintoandoutofatidal
marsh.Over80suchsites(“tidalrestrictions”)arepresent(CLF2000;CBEP2012)orhavebeen
identifiedforfurtherassessment.
CBEPcollectspreliminarydata("rapidassessments")atsitesthatmaynotgoontobe
monitoredonanongoingbasis.Resultsofrapidassessmentshelpdeterminewhetherasiteis
suitablefortidalrestorationorwouldmakeagoodlongͲtermmonitoringlocation.Datafrom
rapidassessmentsareusedinpreparingSAPs.
SAPswillbedevelopedforeachmarshwherelongtermmonitoringisplanned.SAPswill
providesiteͲspecificsamplingdesigndetails,includingidentificationofkeymonitoring
parameters(whichmayvaryfromsitetositedependingonthepurposeofmonitoring),
samplinglocationsandthesamplingschedule.
Aspartofpreviouslycompletedtidalrestorationprojects,CBEPhasdevelopedformal
MonitoringPlansforthreelocations.ThoseMonitoringPlansfunctionasSAPsforpurposesof
thisQAPP.ThesiteswithexistingMonitoringPlans/SAPsinclude:
x
x
x

ThomasBayMarshatAdamsRoadinBrunswick,restorationin8/2011
LongMarshatLongReachLaneinHarpswell,restorationin1/2014
AppletreeMarshatWallaceShoreRoadinHarpswell,restorationin12/2014

ProjectmonitoringisalsooccurringatHighHeadRoadinHarpswell,constructedin12/2016.
Themonitoringprogramisstructuredinthreephases:
(1) Initialsiteassessment,includingassessmentofrestorationfeasibility;
(2) DocumentationofbaselineconditionsandestablishmentofaframeworkforlongͲterm
monitoring;and
(3) Longtermmonitoringtoevaluatechangesinthemarshsystemovertime.
Note:Numeroustangibleandintangiblefeasibilityconsiderations,suchasfloodriskstolow
lyingprivatedevelopedareas,thepresenceofutilities,communitysentiment,engineeringor
modelling,etc.factorintorestorationprojectplanning,butarenotincorporatedintothis
document.
2.2 InitialSiteAssessment
Initialsiteassessmentsarecarriedoutforavarietyofpurposes,suchasgatheringinformation
toprovidetechnicalassistancetoPartners,orassessingsitesaspotentialrestorationtargets.
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Sincethepurposeofassessmentvaries,sodothedetailsofhoweachiscarriedout.Aprimary
purposeofaninitialassessmentisoftentoevaluatewhetherasitemeritsadditional
monitoringeffortortogatherinformationneededforplanningrestorationorlongͲterm
monitoring.InitialsiteassessmentsarecarriedoutwithoutthebenefitofaformalSAP.
2.2.1 DesktopAssessment
DesktopassessmentutilizesexistingandreadilyavailableremotesensingdataviaGIS,Google
Earth,andsimilartoolstoinformassessmentandmonitoringactivities,andinformwhereto
investstaffandresourcesforfurtherwork.Desktopassessmentmaybecarriedoutwithor
withoutrapidfieldassessments.Initialsummaryinformationisrecordedonadatasheet
(AppendixA).
Electronicdata(typicallygeospatialdata)gatheredduringthedesktopassessment,ifany,are
storedinasiteͲspecificfolderonCBEPcomputersorservers,alongwithrelateddata
documentation.Documentationprovidesreferencestooriginalsources.Formalmetadatais
providedwhenreadilyavailablefromdataproviders.Anydatamanipulationsbeyondvisual
inspectioncarriedoutbyCBEParedocumentedinanarrativereportorbrief“readme”file
storedwiththedata.Sincedataarenotintendedforsecondaryuseorpublication,CBEPstaff
willnotdevelopmetadatathatcomplieswithmetadatastandards.
2.2.1.1 GeneralGeographicData
ThefollowingdataisavailableviareviewofreadilyavailableonͲlinesourcesofgeographicdata
andaerialimagery,suchastheMaineOfficeofGIS(MeGIS)andGoogleEarth.
x
x
x
x
x

x
x

Location
Wetlandboundaryandarea
Ownershipandparcelinformation
Narrativedescriptionofadjacentlanduse
Characterizationofanthropogenicimpactstothemarsh,suchas
o Numberofvisiblestructuresonthemarsh(roads,berms,dams,etc.)
o Visualindicatorsofimpactoftidalbarriers,suchasscourpoolsintidalchannels
Presenceofutilities(powerlines,sewerlines),especiallyatroadcrossing
Houses,freshwaterwellsorotherinfrastructurelocatedonornearthemarshthatmay
facepotentialfloodorotherrisksifsitehydrologychanges

Note:locationinformationinGoogleEarthisprovidedinunprojectedgeographiccoordinates
(latitudeandLongitude),basedonaWGS84datum.Reprojectionisnecessarytoincorporate
thiswithdatafromMeGISHistorically,MeGIShasprovideddataprincipallyinUTMcoordinates
(Zone19North)/NAD83,butsomedatalayers(especiallyrasterandimagedata)useother
coordinatesystems.AutomaticreprojectionbyArcGISprovidessufficientaccuracyforvisual
inspectionandrapidassessment.
27


CascoBayEstuaryPartnership



TidalWetlandMonitoringQAPP

2.2.1.2 Verticalcontrolpoints("benchmarks")
Theabilitytotielocalelevationstoaconsistentverticaldatum(NAVD88)isoftenimportantfor
siteassessment,restorationdesign,hydrologicalmodelling,assessmentofpotentialimpactsof
sealevelrise,andforotherpurposes.
Ingeneral,CBEPwillnotestablishaverticalcontrolpointtosupportrapidsiteassessments.
CBEPwillalwaysestablishverticalcontrolstosupport(1)planningofhabitatrestoration
projectsthatinvolvealterationofhydrology,and(2)longͲtermmonitoring.Forotherpurposes,
CBEPstaffwillassesswhethertheneedforaccurateverticalcontrolsjustifiesthecost.
Whereverpossible,CBEPmakesuseofexisting,nearbybenchmarksandtransfersvertical
controltoasemiͲpermanentbenchmarknearthemonitoringlocation(e.g.,onastructureor
bedrockadjacenttothemarsh.)CBEPreviewsseveralsourcesofinformationinorderto
determinewhetherexistingbenchmarksareavailablenearfieldsites.Theseinclude:
x
x
x

NationalGeodeticDataExplorer:https://www.ngs.noaa.gov/NGSDataExplorer/
MaineDOTSurveyControlPoints:
http://www.maine.gov/mdot/mapviewer/dataviewer/Index.html?app=survey
CorrespondencewithMaineGeologicalSurvey

Determinationofwhetheranexistingbenchmarkcanbeuseddependsonitslocation,
topography,andotherfactors.CBEPstaffwillonlyuseanexistingbenchmarktoestablisha
semiͲpermanentbenchmark(1)ifitiswithin150m/500ftofthemarshsurfaceand(2)the
benchmarkcanbeuseddirectly,oraworkingbenchmarkestablishedadjacenttothemarsh
usingnomorethantwoturningpoints.
Wheresuitableverticalcontrolpointsarenotavailable,verticalcontrolswillbeestablishedby
(1)hiringaqualifiedsurveyortoestablishabenchmark,or(2)estimatingelevationsofasemiͲ
permanentbenchmarkusingRTKGPStechnologies.
Whenexistingbenchmarksarenotavailable,andprojectpurposedoesnotjustifytheexpense
ofestablishinganewlocalbenchmark,CBEPusesapproximatemethodstoestimatevertical
elevations.Elevationsmaybeestimatedby:
1. UsingavailableLIDARdata;
2. Matchingelevationoftidalwatersatthepeakofaspringtidetopredictedtidal
elevationsforthesamespringtideatthePortlandTideStation;
NominalaccuracyofexistingLIDARdata(~16.5cmRMSE)limitsvalueofMethod1forallbut
preliminaryinvestigations.Methods2canachievebetteraccuracy,althoughquantitative
estimatesofaccuracyareunavailable.Methods2iswellsuitedtositeswithunimpededtidal
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flowfromopenwater,butcanbemisleadingwhenappliedfarupatidalcreekorabovetidal
restrictions.
2.2.1.3 SupplementaryGeospatialData
Additionalonlinegeographicdataprovidessupplementaryinsightintositecharacteristics.
CBEPstaffregularlyreviewsthefollowingsourceswhendevelopingnarrativesitedescriptions:
x
x
x

MaineStreamHabitatViewer(MaineCoastalProgram):presenceofdocumentedfish
barriersandassociateddata;presenceofpriorityfishhabitats;tidalmarsharea.
http://www.maine.gov/dmr/mcp/environment/streamviewer/index.htmHistoricUSGS
mapresearch:http://docs.unh.edu/nhtopos/nhtopos.htm
MaineGeologicalSurveySeaLevelRise/StormSurgemaps:
http://www.maine.gov/dacf/mgs/hazards/slr_ss/index.shtml

Anabbreviatedliteraturereviewwillbeconducted,toobtainandreviewrelevantknowledge
aboutasite.Typicalsourcesinclude:
x
x
x
x
x
x

GeomorphologyandtheeffectsofsealevelriseontidalmarshesinCascoBay(Bohlenetal
2012)
LandUsePlanningforSeaLevelRise:AReportforPlannersinCascoBayAreaCommunities
(Bohlenetal2013)
“ReturntheTides”data(Bonebakkeret.al.2002)
CascoBayWatershedFishBarrierPrioritiesAtlas(CBEP2012)
CorrespondencewithMaineNaturalAreasProgram,MaineCoastalProgram,orotherstate
agencies
Websearchbasedonlocalplacenames

2.2.2 RapidFieldAssessment
Arapidfieldassessmentprovidesgeneralinformationforplanningpurposes.Rapid
assessmentsaredesignedtobeflexible,andresponsivetositeͲspecificandprojectͲspecific
needs.Typicalrapidfieldassessmentsincludedocumentationofsitesurroundings,presenceof
tidalrestrictionsorotherstructuresonthemarsh,interpretationofgeomorphology,informal
observationofsitehydrology,anddocumentationofgeneralvegetationcharacteristics.
ThebasisofarapidassessmentisoneormoresitevisitsduringwhichCBEPstaffwalkasite,
makingqualitativeobservations,supplementedbydigitalphotographs.Aroughplanforthesite
visit(identifyingimportantlocationsorfeaturesofthemarshtoexamine)isdevelopedin
advancebasedonavailableinformation,includingresultsofaDesktopAssessment,ifany.The
planmaybemodifiedinthefieldbasedonsiteconditionsorobservations.
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Limitedfieldequipment(e.g.,soilaugers,refractometers,tapemeasures,consumerͲgradeGPS
receivers)maybebroughtalongtofacilitatesitecharacterization.
2.2.2.1 LocationofObservations
Approximatelocationoffieldobservationsisrecorded,butthemethodvaries.Theymaybe
recordedasanarrativedescription(e.g.,"justsouthofthebigpineontheeastsideofthe
marsh"),bymarkingapproximatelocationsonapreͲprintedpapermap,recordedusing
consumerͲgradeGPSreceivers,orbyacombinationofthesemethods.
2.2.2.2 GeneralObservations
Whilewalkingasite,CBEPstaffrecordgeneralobservationsthatplaceotherobservationsinto
context,andrelatingfieldobservationstoaDesktopAssessment,ifonewascarriedout.
Typically,theseobservationsaddresslargeͲscalequestionsaboutthemarsh,suchashowthe
siteisbeingusedbyfish,birds,andwildlife;potentialhumanimpactstothemarsh;
geomorphologicalcharacteristicssuchassedimentcharacteristicsortopography;or
characteristicsofthevegetation,suchaspresenceofinvasivePhragmites.
Theseobservationsoftenincludemeasuredorestimatednumericaldata,suchasdepthofa
tidalchannel,surfacewatersalinity,widthofavegetationzone,heightofaplant,orareaofa
tidalpool.Estimatedvaluesarelabeledasestimates;methodsusedformeasuringvaluesare
describedinthenoteswheretheyarenotclearfromcontext.
2.2.2.3 HandͲdrawnmaps
Generalobservationsmaybesupplementedbysketchmapsthatclarifyspatialrelationships
amongfeaturesonthemarsh.Mapsarenotdrawntoscale,butobservationsmayberoughly
georeferencedusingGISafterreturningtotheoffice.
2.2.2.4 Assessmentofanthropogenicstructures
Wherestructureslikeroadsordikescrossthemarsh,notesaretakenoncharacteristicsofthe
structure,suchaswidth,height,andconstructionmaterial.Valuesmaybemeasuredwithtape
measures,stadiarods,meterstick,etc.,orestimated.Estimatedvaluesarelabeledas
estimates.
2.2.2.5 SurfaceWaterSalinity
Spotchecksofsurfacewatersalinityarehelpfulinunderstandingsitehydrodynamics.Spot
checksaremadeusingrefractometers,inpartsperthousand.Locationofspotchecksare
recordedinthefieldnotes.
2.2.2.6 SoilandSedimentCharacteristics
Characteristicsofthesedimentsareassessedinformally.Soilsandsedimentsareaccessedby
(1)Collectingsampleswithasoilauger,or(2)observingsedimentalongexistingchannelbanks.
Soilsareevaluatedwithattentiontoverticalstructure(“horizons”),buttypicallywithout
measuringthethicknessofeachhorizon.Soilsandsedimentsaredescribedqualitativelybased
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onexaminationofsamples.Descriptionsofsoillayersmayincludereferencetotexture(sandy
/silty/clay);moisturecontent(saturated/wet/moist/dry);presenceoforganicmatter(high
organicmatter/loworganicmatter/staining);presenceoforganicinclusionslikeroots,
vegetationorwood;andcolor(matrixcolorandmottles).
Ifhigheraccuracydataonsedimentconditionisdeemeduseful,soilswillbecollectedby
diggingasoiltestpitorwithasedimentprobe,Russiancorerorsimilarsamplingequipment
thatminimizessamplecompression.Thicknessofsedimenthorizonscanthenbemeasured
withameterstickortapemeasure.ColorswillberecordedusingaMunsellcolorchart.
2.2.2.7 Vegetation
Onlargersites,documentationofcharacteristicsofthevegetation,aswellaslongitudinaland
lateralpatternsofvegetationcanprovideinsightintoprocessesinfluencingmarshcondition.
Duringrapidfieldassessments,CBEPusesasimplified"relevé"methodtocharacterize
vegetationintermsofdominantandconspicuousplantspecies.Samplelocationsareselected
inthefield(ofteninformedbypriorDesktopAnalysis)andarenotrandomlylocated.Theyare
selectedtoberepresentativeofvegetationzonesortransitionsbetweenthem,asdescribedin
thefieldnotes.Zonesoftenincludesaltmarsh,brackishmarsh,andfreshwaterswamp,but
otherdivisionsmaybeappropriatebasedonsitecharacteristics.
Theobserverstandsatonelocation(recordedinthenotes,markedonthesitemap,or
recordedviaGPS),recordsallplantspeciesreadilyobservedinadjacentvegetation,andaddsa
measureofrelativeabundanceforeach(usingpercentcoverestimatesorBraunͲBlanquet
coverclasses).Theareaobservedisnotformallydefined(hencethisisa"plotless"method),
butleftuptothejudgementoftheobserver.Inherbaceouswetlands,theareasampledwill
typicallybeunder3metersindiameter,whileinforestedwetlandstheimplicitlysampledarea
maybe20mormoreindiameter.Vegetationdataisalwayssupplementedbyoneormore
photographs.
2.2.2.8 SupplementaryObservations
Fromtimetotime,aninitialsiteassessmentmaybenefitfromcollectingmoreinͲdepth
information.Wherethatisthecase,datacollectionwilloccuratpreͲselected(notrandom)
locations,butotherwiseadheretomethodsdescribedinthisQAPPfordatacollectionduring
baselinesitecharacterizationorlongtermmonitoring.
2.2.2.9 SampleHandling,DataManagementandAnalyticMethods
Formalsamplesarenotcollectedduringrapidsiteassessments.Anyinformalsamples(e.g.,soil
samples,plantmaterialusedtoidentifyplantspeciesinthelab)arediscarded.
Avarietyofrecordingmethodsmaybeused,includinguseofafieldnotebook,datasheets,
voicerecorder,orlooseͲleafpaperonaclipboard.Allprimaryfieldrecordsaredated,
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transcribedifnecessary,andarchived.Electronicrecords,includingphotographs,arestoredin
asiteͲspecificelectronicfolderonCBEPcomputersorservers.
Theprimaryproductsofarapidfieldassessmentaretherawfieldnotesthemselvesand
improvedstaffunderstandingofsiteconditions.Forsitesconsideredmoreimportant,orwhen
resultsoftherapidassessmentwillbesharedwithPartners,CBEPstaffpreparesanarrativesite
description,summarizingobservationsandpreliminaryinterpretationsofthoseobservations.
Interpretationofobservationsisqualitative,withlittleornoanalysisofnumericdata.When
dataanalysisoccurs,itemphasizesgraphicalmethodsandmappingtofacilitateunderstanding
ofsitecondition.
2.3 BaselineSiteCharacterizationandLongTermMonitoring
Longtermmonitoringincorporatesbothmonitoringofrestorationsitesandmonitoringof
wetlandstodocumentlongtermchange.Longtermmonitoringisalwayscarriedoutinthe
contextofanSAPwhichlaysoutasiteͲspecificmonitoringplan,includingmonitoring
purpose(s),samplingfrequencyandlocations.
RestorationmonitoringisaspecialcaseoflongͲtermmonitoring.Restorationmonitoring
followsaclassicBACI(BeforeͲAfterControlͲImpact)experimentaldesign(e.g.,StewartͲOaten
1986).Eachrestorationsiterequiresformalidentificationofanearby(unrestored)reference
areaaswellascollectionofpreͲprojectdatafromboththeprojectandreferencesites.CBEP
hashistoricallyusedthetidalmarshimmediatelydownstreamofrestorationsitesasthe
referencearea,eventhoughthoseareasdonotrepresentthefullecologicalcomplexityofan
entirewetlandsystem.Identificationofthereferenceareaisanimportantcomponentofthe
SAP.
2.3.1 SamplingStations
Thedesignoflongtermmonitoringisstructuredaroundsamplingatkeylocationsaroundthe
marsh,whichCBEPcall"Stations".
Stationsareestablishedtomonitorcertainparameters,usuallychannelcrosssection,
vegetationcharacteristics,andporewatersalinity.ThenumberofStationsonasitewillvaryto
suitsiteͲspecificconditions,especiallythesizeandcomplexityofthesite.Asfewasthree
stations(lowermarsh,midmarsh,andheadoftide)maybeestablishedonsmallsiteswithlittle
spatialheterogeneity.AmoretypicalsitemonitoringplanwillincludetenStations.TenStations
strikesabalancebetweensamplingspatialvariability,andkeepingtheworkloadreasonable.
VegetationsamplingattenStationstypicallycanbecompletedovertwodaysinthefield,while
itispossible(althoughsometimesdifficult,dependingonsitegeometry)tovisit10stationsto
collectporewatersalinitydataoverasingletide.
WhereaformalProjectAreahasbeenspecified(asistypicalforrestorationprojects),Stations
(withtheexceptionofthereferenceStationorStations)willbedrawnfromwithinthatarea.
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SupplementalStationsmaybeaddedoutsideoftheProjectAreatohelpcharacterizesystemͲ
wideresponse.WherenoProjectAreahasbeendesignated,Stationswillbelocatedwithinan
areaextendingfromheadoftidetothevalleymouth.
Forrestorationsites,areferenceareawillbeestablishedinanareanotdirectlyinfluencedby
therestorationactivity.Thereferencestationwillbelocatedwithinthecontiguousmarsh
systemifpracticable.Ifnocontiguousmarshareaexistsdownstream,areferenceareaandone
ormorereferenceStationswillbeestablishedinanearbywetland.Fortidalrestoration
projects,thereferenceareamayconsistonlyofoneormorereferenceStationsdownstream
(toseaward)ofthetidalrestorationsite.
SelectionoflocationsforsamplingStationsisbasedonspatiallystructuredrandomsampling.
ThemajorityofCascoBay'stidalwetlandareaislocatedintidalwetlandcomplexesthatformin
drownedglacialvalleysorpostͲglacialerosionfeaturescarvedintoPresumpscotFormationsiltͲ
claydeposits.Thesegeomorphologicalcontextsimposestronglongitudinalandlateral
gradientsinphysicalandbiologicalenvironmentwithinCascoBaytidalwetlands.CBEP's
approachtosamplingcouplestheadvantagesofrandomsamplingwithsufficientstructureto
ensurethatwesampleacrossbothlongitudinalandlateralgradients.
Toidentifystationlocations,CBEPwillutilizeGeneralizedRandomTessellationStratified(GRTS)
Sampling(KincaidandOlsen2016),oracomparablerandomizedspatialsamplingtool.GRTS
softwarefacilitatesdrawingofprobabilityͲbasedsamplesbasedonlocation.Givenspecific
geographiclocationstosample(e.g.,amarsharea,orachannelnetwork),aGRTSsamplecan
bedrawnsothatalllocationswithinastudyareahavewellͲdefined(inthecaseofsimple
randomsampling,equal)probabilityofbeingsampledandyetguaranteethatsamplepointsare
distributedthroughoutpossiblesamplinglocations.
IntidalwetlandswithastrongupstreamͲdownstreamgradientandacentralchannel(likemost
ofCascoBay'slargerwetlands),Stationsareselectedasaspatiallybalancedsampleofpoints
distributedalongalinedrawndownthelengthofthetidalvalley.Datacollectedateachstation
characterizesthewetlandalongacrosssectionfromchanneltoupland.1
OncealocationalongthevalleyaxisisidentifiedusingGRTS,ifacentralchannelispresent,the
Stationisestablishedononesideofthechannel.Wherepossible,thesideisselectedat
random.However,practicalconsiderationsmaypreventrandomization.Forexample,the


1

AnareaͲbasedrandomsamplewouldlocateStationsproportionaltoarea,thusconcentratingthemwherethe
wetlandiswidest,typicallyatthedownstreamendofthemarsh.Asampledrawnonalinearsupportdistributes
samplesmoreevenlyalongthelongitudinalgradientfromvalleymouthtoheadoftide.
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channelmaymeanderclosetotheupland,leavinginsufficientareatosetupamonitoring
stationononeside,oronesideofthechannelmaybeinaccessible.
Intidalwetlandswithoutaclearlongitudinalaxis(e.g.,fringingmarshes),Stationsare
establishedfollowingasimilarlogic,usingspatialrandomsamplingtolocateanchorpointsfor
samplingstations.
2.3.2 Porewatersalinity
Monitoringporewatersalinity(salinityofwatersamplescollectedbetween5Ͳ20cmbelowthe
marshsurface)providesbasicinformationaboutsoilsalinity,whichisadriverofsaltmarsh
plantcommunitycomposition(Necklesetal2002).
2.3.2.1 SamplingDesign
SoilsalinityissampledfromspeciallydesignedsemiͲpermanentporewatersalinitywellsset
intothemarshsurface.Betweenfiveandfifteenwells(typicallyten)areusedtomonitora
contiguousmarshsystem.Wellsallowforrapidsamplingofporewaterfromthesoilrootzone
atdepthsof5to20cmbelowthemarshsurface.
Porewatermonitoringwellsareestablishedthroughoutthemarsharea.Wellsaregenerally
locatedatsamplingStations,butwellsmaynotbelocatedateveryStation.Locationsofpore
watersamplingwellsarespecifiedintheSAP.
Formonitoringassociatedwithrestorationprojects,salinitywellswillbeincluded,ata
minimumat:
x
x
x
x

OneReferenceStation(outsideoftheareaaffectedbyrestoration,butasneartothe
restorationareaaspracticable);
OneStationatthedownstreamendoftheProjectArea(e.g.,immediatelyupstreamofa
tidalrestriction);
OneStationsituatedatheadoftide;and
Atleastonestationbetweendownstreamandheadoftide.

Thisminimumsamplearrangementprovidesinformationonlongitudinalporewatersalinity
gradientswithinthemarsh,andallowscomparisonofsalinitychangesintheProjectand
ReferenceAreas.
AsubsetofStationswillincludeatransectofthreeormorewellsrunningperpendicularfrom
thetidalchannel(oropenwater)totheadjacentupland.Thistransectwillrunperpendicular
tothelongaxisofthemarshformostofCascoBay’slong,narrowtidalwetlands,butwouldrun
fromopenwatertotheadjacentbluffforafringingmarsh.Onestationwillbeestablished
within3Ͳ4metersofthewater,oneattheuplandedge,andthethirdapproximatelymidway
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betweentheothertwo.Thislateraltransectallowsassessmentofpatternsinporewater
salinityacrossthemarshsurface.
Samplesarecollectedwithin2hours+/Ͳoflowtide,atleastoncepermonthfromAprilto
October,ormorefrequentlyduringtheprimarygrowingseason(April–July).Sample
collectionwillbescheduledsothathalfarecollectedduringaspringtidephase,andthe
remainderduringneaptide(Neckles&Dionne2000).
Formonitoringassociatedwithrestorationprojects,onefullseasonofmonitoringoccursprior
toarestorationproject,andgenerally,atoddyears’postͲproject(i.e.,year1,3,5).
2.3.2.2 SamplingMethods
CBEPusesporewatersalinitywellsbasedondesignspecificationsprovidedintheGPAC
protocols(NecklesandDionne2000,p.10;App.B)andsamplingisconductedconsistentwith
GPACSOPs.Wellsarebuiltfrom19mm(¾inch)diameterCPVCplasticpipe.Wellsarecutto
35cmwith7Ͳ10pairsof4mmholesdrilledatroughlyevenintervals5Ͳ20cmbelowthesurface.
Thebottomofthewellissealed.Thetopofthewellisconstructedoftwo90degreePVC
elbowsconnectedbyashortsectionofstraightPVCpipetoformaninvertedUͲshapeinorder
tolimitwaterenteringthewellfromabove.Wellsareinstalledsothattheholesareset5Ͳ20
cmbelowthemarshsurface.Samplingdoesnotcommenceuntilatleast24hoursfollowing
installation.Wellsareinspectedannuallyandremovedandcleanedasneededtoremove
accumulatedsediment.
Samplesarecollectedbyremovingthewellcaptheninsertingplastictubingaffixedtoaplastic
syringeintothewelluntilitreachesthewellbottom,andthenlifted5cm.Asampleis
extractedusingthesyringe,theninthefield,thesampleisplaceduponahandheld
refractometertotakesalinityreadings.Theopticalhandheldrefractometeriscalibratedwith
DIwaterpriortouse.Salinityismeasuredinpartsdissolvedsaltsperthousand.Threereplicate
measurementsarerecordedfromasinglesample.
Forcomparison,surfacewatersamplesarecollectedattheadjacenttidalcreekoropenwater
whenporewatersamplesarecollected.Salinityismeasuredinsurfacewatersamplesusing
therefractometerfollowingthesamemethodsusedforporewatersamples.
CBEP’snarrativefieldinstructionsforthisparameterareincludedinAppendixF.
2.3.2.3 SampleHandlingandCustody
Followingmeasurement,samplesarediscardedinthefield.Allsalinitymeasurements,sampling
times,andothersitevisitandanecdotalobservationsarerecordedonasiteͲspecificsalinity
monitoringdatasheet(App.A).DatasheetsarestoredatCBEP.Fielddataaretransferredtoa
sitespecificExceldatabase.
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2.3.2.4 Analyticmethods
Summarystatistics(mean,minima,andmaxima)arecomputedforuseingraphicalormap
displays.Standardstatisticalmethods(“t”tests,linearmodelsornonͲparametricequivalents)
areusedtoevaluatelongtermorseasonaltrends,comparisonsbetweenpreͲrestorationand
postͲrestorationconditions,andcomparisonsbetweenrestorationandreferenceareas.
2.3.3 Channelmorphology
Changesincreekchannelmorphologyfrequentlyoccurasaresultofrestorationactivitiesor
changesinsitehydrology.Assessmentofchannelmorphologyisusedto:
x
x
x
x
x

DocumentexistingconditionsormonitorlongͲtermchanges;
Assessgeomorphologicalimpactsoftidalrestrictionsonchannelshape,depth,
andcapacity;
Informdevelopmentofhydrauliccapacityestimatesforconceptualdesign
alternatives;
Evaluatehowhydrologicalmodificationsaffectsedimenttransport;and
MonitorpostͲprojectgeomorphologicalresponsetorestorationand
enhancementprojects.

Channelmorphologicalparametersinclude:monumentedcrosssections;longitudinal
profiles;andphotostations.SOPsformonitoringchannelmorphologyaretakendirectlyfrom
theStreamBarrierRemovalMonitoringGuide(Collinsetal2007p.27;App.B).
Parameter
Monumentedcrosssections
Longitudinalprofiles
Photostations

Source/Page
Collinsetal2007(p.27Ͳ30)
Collinsetal2007(p.31Ͳ32)
Collinsetal2007(p.36Ͳ37)

Location
App.C
App.C
App.C


2.3.3.1 Monumentedcrosssections
Channelcrosssectionsaretransectsthatbisectachannelandrunperpendiculartoit,
extendingfromthehighmarshononesideofachanneltothehighmarshontheoppositeside.
Theyareusedtocharacterizechangesinthegeometryofatidalchannel,includingwidth,
depth,crossͲsectionalarea,andchannelform.
SamplingDesign
MonumentedcrosssectionsareestablishedadjacenttoselectedStationswithintheproject
area.Totheextentpracticable,crosssectiontransectsarelocatedonrelativelystraightchannel
reachesratherthanonmeanderbends.SemiͲpermanentmonumentsaresetintothehigh
marshsurfaceandgeoreferenced.Samplingoccursonceperseason.
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Ifmonitoringisofarestorationproject,atleastonemonumentedcrosssectionwillbelocated
withintheReferenceArea.Crosssectionsaresurveyedatleastoncepriortoatidalrestoration
project,andeitheratoddyearspostͲproject(i.e.,year1,3,5),orannually.Thisdetailis
specifiedinanSAP.
SamplingMethods
DetailedinformationonSOPsisprovidedinCollinsetal2007,p.27Ͳ30(App.C).CBEP’s
narrativefieldinstructionsareincludedinAppendixF.CBEPmaintainsequipmentusedfor
surveyingcrosssections,includinganautolevel,tripod,stadiarod(decimalfeet),andfiberglass
tapereel(decimalfeet).EquipmentisstoredatCBEPandperiodicallyinspectedforwearand
tear,andmaintainedorreplacedasneeded,tomaintainaccuracyandfunctionality.
SemiͲpermanentmonumentsaresettomarkthestartandendofatransect.Monumentsare
typicallyhollowPVCpipesorwoodenstakessetintothehighmarshsurfaceandextending
approximately20cmabovethemarshsurface.Monumentsaresetonthehighmarshsurface
anadequatedistanceawayfromthecreekedgetoaccommodateforchannelevolutionover
themonitoringperiod,asspecifiedinSAPs.Monumentsaresometimeslostoverthewinter
duetoicescour,andcrosssectionsarereͲestablishedinsubsequentmonitoringyearsby
referencetophotographs,GPScoordinates,andthememoryoffieldstaff.
Surveyequipmentissetupononesideofthetransect,andameasuringtapeisrunfromone
monumenttotheother.Measurementsarecollectedbyateam,withonepersonoperating
thelevelandrecordingmeasurements,andonepersonsettingthestadiarodlaterallyalongthe
transectandreportingtransectdistancetotherecorder.Thestadiarodisheldverticalbyuseof
arodͲlevel,andtherodisalwaysheldontheoppositesideofthetape.Lateraldistancesare
referencedtoriverleft(i.e.,theleftmonument,lookingdownstream,iszeroonthetape).
Theleveloperatorreadsthecentercrosshairoftheleveltoobtainthestadiarod
measurement.Nootherinformationfromthelevelisrecorded.Thefirstreadingwillbeatthe
leftmonumentandthelastreadingattherightmonument.Measurementsemphasize
documentationofvisiblebreaksinslopeandsignificantgeomorphicfeaturessuchastopof
channelbank,toeofchannelbank,waterdepth,andthethalweg.Intheabsenceofclear
breaksinslope,elevationsarerecordedatapreͲdeterminedintervalequalto1/20thofthetotal
transectlength.Elevationsaretiedintoalocalverticalcontrolpoint,throughbackͲsightingif
necessary.
SampleHandlingandCustody
Fielddataarerecordedondatasheets(App.A),whicharestoredatCBEP.Roughsketchesare
drawnontothedatasheetshowingthelocationofthecrosssectioninrelationtoanecdotal
observationsandcontextualinformationsuchassubmergedaquaticvegetation(e.g.,Ruppia
maritima),overhangingchannelbanks,woodydebris,andchannelbankslumping.
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Analyticmethods`
FielddataareenteredintoacopyrightedExcelspreadsheettool,TheReferenceReach
Spreadsheet,developedbytheOhioDepartmentofNaturalResources(Mecklenburg2006).
Thistooliswidelyusedforstoringandanalyzingchannelsurveydata.Crosssectiondataare
enteredintotheDimensiontab,andthespreadsheetautomaticallyplotsachannelprofile.
Crosssectionalarea,channelwidth,meandepth,maximumdepth,andothermetricsare
calculatedforuseincomparisonbetweenpreͲandpostͲprojectconditions,aswellas
comparisonbetweentheprojectareaandreferencesite.
2.3.3.2 Longitudinalprofile
SamplingDesign
Longitudinalprofilesareestablishedasacontinuoustransectofthechannelthalweg.Attidal
restorationsites,theprofilerunsthroughabuiltstructurefromadownstreamcrosssection
stationtoatleastoneupstreamcrosssectionstation,andpreferablymore.Thismonitoring
reachisestablishedtoshowrepresentativechanneldepthsdownstreamandupstreamofa
structure,andinclusiveofthedepthwithinthestructureitself.Atothermonitoringsites,the
longitudinalprofilespansatleasttwocrosssectionstations,andpreferablymore.
Longitudinalprofilesaresurveyedatleastoncepriortoarestorationproject,andgenerally,at
oddyearspostͲproject(i.e.,year1,3,5).TimingofsampleswillbespecifiedintheSAP.
SamplingMethods
DetailedinformationonSOPsisprovidedinCollinsetal2007,p.31Ͳ32(App.C),andCBEP’s
narrativefieldinstructionsareincludedinAppendixF.CBEPmaintainsequipmentusedfor
surveyinglongitudinalprofiles,includinganautolevel,tripod,andstadiarod(decimalfeet).
Priortosetup,flagsorothertemporarymarkersareusedtodenotethestartandendpointsof
thetransect.Typically,thesemarkerswillbelocatedatintersectionswithmonumentedcross
sections.ThesepointsaregeoreferencedwithaGPSunit.
Setupinvolvespositioningtheautolevelinsuchaway(i.e.,atoparoadshoulder)thattothe
extentpracticable,anunobstructedviewofthemonitoringreach,aswellasa
benchmark/elevationcontrolpoint,isprovided.Ifonlypartofthereachiswithinacontinuous
sightline,itmaybenecessarytoconductapartialsurveyfromthislocation,thenusingforeͲ
sightingandbackͲsighting,relocatetheleveltoanotherpositionthatallowsforcompletionof
thesurvey.Notapemeasureisused.
Measurementsarecollectedbyateam,withonepersonoperatingthelevelandrecording
measurements,andonepersonsettingthestadiarodalongthetransect.Thestadiarodisheld
verticalbyuseofarodͲlevel.Thebenchmarkissurveyedinasoneofthreereferencelocations
outsideofthetransect,andatthebenchmark,theangleofthelevelissetto0°.Theother
referencelocationsshouldbefixedobjects.
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Forallmeasurements,includingthereferenceobjects,theleveloperatornotestheangleofa
shot,aswellastheheightonthestadiarodofthreecrosshairs(mid,upper,andlower).
Thetransectsurveybeginsatthedownstreamflagandiscontinuouslysurveyeduntilthe
upstreammarkersarereached.Forsitescontainingroadcrossingsorotherstructures,the
surveyincludesmeasurementofkeyelevationsassociatedwiththestructure,includingthe
outletinvert,heighttothetopoftheculvert,oneormoremeasurementatopthestructure
(typicallyatthecrownofaroad)andtheinletinvert.Duringthesurvey,allvisiblebreaksin
gradearesurveyed.Intheabsenceofclearbreaksinslope,elevationsarerecorded
periodicallytoshowcontinuityintheplottedprofile.
SampleHandlingandCustody
Fielddataarerecordedondatasheets(App.A).Descriptiveinformation,suchaschangesin
streambedmaterial,softsediments,ripͲrap,andotherfeaturesarenoted.Datasheetsare
storedatCBEP.
Analyticmethods
FielddataareenteredintoanExcelspreadsheetdevelopedbyMDOTthattransformsfield
coordinatesintosurveypointsandcalculatesverticalelevationanddistancealongthetransect,
with0’atthedownstreammarker.ThetransformeddataarethentransferredintoanExcel
spreadsheettool,TheReferenceReachSpreadsheet,developedbytheOhioDepartmentof
NaturalResources(Mecklenburg2006).LongitudinalprofiledataareenteredintotheProfile
tab,andthespreadsheetautomaticallyplotsachannelprofile(examplebelow).Thelocationof
crosssections,culvertinverts,andotherfeaturescanbeaddedtotheplotandtheslopeofthe
monitoringreachiscalculated.TheplotallowsforgraphicalcomparisonbetweenpreͲand
postͲprojectconditions,aswellascomparisonbetweentheprojectareaandreferencesite.


Figure2.Examplelongitudinalprofile.
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2.3.4 Hydrology
2.3.4.1 SamplingProcessDesign
Automatedcontinuousmonitoringofsurfacewaterlevelandsalinityisconductedoveraperiod
of4Ͳ6weekstocreateacontiguousdatasetthatincludesatleastonelunarcycle,andwhich
documentswaterlevelsthroughatleastonefullneapandonefullspringtidephase.Site
specificmonitoringobjectivesareoutlinedinSAPsandwillinformdeploymentlocation.Attidal
crossings,monitoringforassessmentoftidalrestrictionrequiresdeploymentofmonitoring
equipmentupstreamanddownstreamofastructure.Multipleunitscanbedeployedupstream
ofastructuretoshowchangedeeperintoasystem,buttypicallyonlyoneunitisdeployed
downstream.
Forrestorationmonitoring,atleastonesurfacewaterhydrologydatasetiscollectedpriortoa
project,andasecondiscollectedafteraprojectiscompleted.Instrumentsareprogrammedto
continuouslyrecordmeasurementsonceevery6minutesstartingonthetopofthehour,
allowingforsynchronizationwithPortlandTideGaugemonitoring(station8418150).
Temperatureandconductivitydataaresimultaneouslycollected.
2.3.4.2 SamplingMethods
Thissectiondescribesthemethodsformonitoringwaterlevelandsurfacewatersalinityattidal
marshesusingcontinuousdataloggers.
CBEPutilizesOnsetHOBOwaterlevel,temperature,andconductivityloggingsystems.
Methodologyisoutlinedbelow.Linkstodetailedequipmentspecifications,operatingmanual,
andprocessingsoftwareareprovidedinAppendixD(Onset).
Equipment
a) HOBOU20titaniumwaterlevelandtemperaturelogger
Parameter
Temperature
Pressure/level

Range
Ͳ20to50϶C(Ͳ4to122϶F)
0Ͳ4m(13ft)


b) Barometricpressuresensorwithmicrostationdatalogger
Parameter
Barometricpressure

Range
660to1070mbar


c) HOBOsaltwaterconductivity/salinitydatalogger
Parameter

Range
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5,000to55,000μS/cm
0to42ppt
Ͳ2to36϶C(28to97϶F)
0Ͳ4m(13ft)


Deployment
TheOnsetwaterlevelloggerandtheconductivityloggerunitsaredeployedinPVCstillingwells
setslightlyabovethechannelbottomandsecuredtoapost,consistentwithmethods
describedintheNationalParkServicereport,Continuouswaterleveldatacollectionand
managementusingOnsetHOBOdataloggers:ANortheastCoastalandBarrierNetwork
methodsdocument(Curdts2017;App.E).Thestillingwellsareinstalledbeyondthevisible
influenceofroadsorotherhydrologicanomalies(e.g.,scourpools),andatleast20mupstream
ordownstreamofanyroadcrossingorotherstructure.Loggersaresuspendedfromwellcaps
usingstainlesssteelcable.Thebarometricpressureunitisinstalledalongtheuplandedgeof
themarsh,offthegroundattachedtoawoodenboardandpositionedinsuchawaythatthe
instrumentisshieldedfromfrequenttemperatureandweatherchangescausedbyexposureto
directsunlightandinclementweather.AdditionalinformationondeployingtheOnsetsystemis
providedinfieldinstructions(App.F).
Calibrationandcleaning
TheOnsetequipmentwascalibratedbythemanufacturer,andnofurthercalibrationis
requiredorrecommendedbyOnset.BestpracticesforcleaningequipmentfollowOnset’s
recommendationsprovidedintheProductCleaningReferenceGuide(App.E).
Samplingmethods
Afielddatasheetisusedtodocumentconditions,locations,parameters,andother
accompanyingdataforthedeploymentsitebysitebasis(App.A).Instrumentsareprogrammed
usingproprietarysoftware,HOBOWarePro.Datasetsareassigneduniquesiteandlognames.
Measurementsareloggedatanintervalof6minutes.Atleasttwotimesduringadeployment
period,waterlevelsaresurveyedusingtheautolevelandstadiarodinordertotiewaterlevel
dataintoaknownverticaldatum.Also,atleasttwotimesduringthedeploymentperiod,grab
surfacewatersamplesarecollectedandsalinitymeasurementstakenusingarefractometer.A
scheduledstarttimeisentered,butnotastoptime,ensuringthattheinstrumentwillcontinue
tologmeasurementsuntilmanuallystopped.Theinstrumentremovaltimeisnoted.
SampleHandlingandCustody
Instrumentlogsarestopped,anddatasetsaredownloaded,intheofficeusingHOBOWarePro.
Waterlevel(rawabsolutepressure)dataareintegratedwithbarometricpressuredatausing
HOBOWarePro,andwaterlevelsarepostͲprocessedusingatoolprovidedwiththesoftwareto
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compensateforchangesinbarometricpressureoverthemonitoringperiod.Theprocessed
waterleveldatasetsareexportedtoExcel.Datarecordedwhentheinstrumentswereoutof
thewaterisflaggedandremovedduringaninitialQA/QCreviewwhiledatasetsareexported
toExcel.BothrawdataandexportedExceldatasetsarearchivedwithCBEP.Waterlevelsare
convertedtoaknownverticaldatum(e.g.,NAVD88)usingthesurveyedwaterleveldatatiedto
averticalreference.Surfacewatersalinityspotsamplesareusedtodetectanydriftin
conductivitydata.DatafromthePortlandTideGaugearedownloadedinNAVD88for
comparisonandintegratedintothedatabase.TwentyͲfourhourprecipitationtotalsare
downloadedfromthenearestavailableraingaugeoverthedurationofthemonitoringperiod.
Currently,thePortlandJetportistheonlytheonlyweatherstationinourregionwith
precipitationdataconsistentlyandpublicallyavailableonline.Alldatasetsareplotted.Water
leveldatapointsthatoutlieadjacentdataareflaggedandremovedifneeded.Dataare
examinedforanomaliessuchasstraightlines,gaps,orsingleoutlyingdatapoints,andattempts
toexplainanomaliesaremade.Ifitisdeterminedthatdataareerroneous,theassociateddata
pointsareflaggedandremovedfromfurtheranalysis.
2.3.4.3 Analyticmethods
Analyticmethodsarecomparableforthetwoequipmentsystems.
Waterleveldataareplottedinvarioustimeframestoillustratethedegreeoftidalrestriction
causedbyastructureduringdifferenttidephasesasindicatedbymutedtiderange,lagintides,
impoundmentandotherindicators.Ifavailable,marshsurfaceelevationisincludedinanalysis
forevaluationofhydroperiodandthelocationofthemarshsurfaceincomparisontoknown
datums.TidalmetricsaredevelopedforthedatasetaccordingtodefinitionsusedbyNOAA
(https://tidesandcurrents.noaa.gov/datum_options.html)includinghighestobservedwater
(HOW),meanhigherhighwater(MHHW),meanhighwater(MHW),andmeantidelevel(MTL),
allowingforquantitativecomparisonofupstreamanddownstreamdatasets,aswellas
comparisonofpreͲandpostͲprojectdatasets.Beyondthesesummarystatistics,additional
analysisandplottingmaybeperformedtofurtherunderstandandquantifydifferences
betweendatasetsatahighresolution.Atselectedlocations,waterleveldatawillbeusedin
conjunctionwithLIDARdatatoanalyzehydroperiodandtheareafloodedassociatedwithsite
specifictidalmetricsandproducehypsometriccurves.
Salinitydataareplottedalongwith24hourrainfalldatainvarioustimeframestoillustrate
differencesupstreamanddownstreamofastructureduringdifferenttidephases,andto
associatechangesinsalinitywithprecipitationevents.Summarystatistics
(mean/minima/maxima)arepreparedallowingforquantitativecomparisonofupstreamand
downstreamdatasets,aswellascomparisonofpreͲandpostͲprojectdatasets.
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2.3.5 Vegetation
2.3.5.1 SamplingProcessDesign
Vegetationandothercovertypes(wrack,bareground,water,litter)aremonitoredalonga
singletransectsetupateachstation.Samplingoccursonceannuallyduringthemiddleofthe
growingseason(JulyorAugust).Amarker(stake)isestablishedapproximately10metersfrom
thetidalcreek.Forconsistencyofsamplingfromyeartoyear,transectsarelaidoutalong
designatedcompassdirections.Specificcompassdirectionsaredeterminedinthefieldthefirst
timesamplesoccur,buteachtransectwillbelaidoutapproximatelyperpendiculartotheaxis
ofthemarsh.Attimeofsampling,atransectisestablishedbyrunninga100mfiberglassreel
tapethroughthatmarkerperpendicularfromthetidalcreektoamarkedlocationattheupland
edgeofthemarsh–typically,atree.Ifitismorethan100mtotheedgeofthemarsh,asecond
stakeisplacedat100meters,andthetransectiscontinuedalongthesamedirectiontothe
edgeofthemarsh.Compassdirectionsandtransectlengthsarecheckedandrecordedduring
eachsubsequentyearofmonitoring.
2.3.5.2 SamplingMethods
Vegetationissampledusing1m2quadratssetonthemarshsurfaceadjacenttothetapeatset
distances.Speciescompositionandcovertypesarerecordedateachplotlocation,andan
estimateofpercentcoverisprovided.
Observersaretrainedbyseniorstafftousestandardmethodstoestimatepercentcover.A
percentcoverreferencesheet(Carlisleetal2002,App.A)isusedtopromoteconsistency.
QuadratsareconstructedoutofPVCpipes.Additionaldesignspecificationsforquadratsare
providedinCarlisleetal2006,p.6.
Thenumberofplotspertransectistypicallyten,locatedequidistantalongeachtransect,with
spacingbetweenquadratsdeterminedbythedistancebetweenchannelandedgeofwetland
(e.g.,thetransectlength).Somevariationinthenumberofplotssampled,andthedistance
betweenthem,mayoccurbasedonuniquecharacteristicsofaspecifictransect,butplotsare
monitoredatidenticallocationsalongatransectfromyeartoyearPlotsareplacednomore
closelytogetherthan2metersoncenter,sotransectsmustbeaminimumof20mlong.
Althoughpastpracticehasbeentoendtransectswherecleartransitionstoupland
communitiesarepresent(e.g.forestcover),futuremonitoringwillestablishtheuplandendof
vegetationtransectswherethereisaclearelevationbreak,sothattheendofthetransectlies
approximately1Ͳ2metersverticallyabovethelevelsurfaceofthemarsh,inordertodevelop
datawithintheprojectedelevationoffuturesealevelrise.Twophotographsaretakenateach
transect,lookingtowardtheupland,andtowardthecreekchannel.
Transectsaremonumentedordocumentedinthefieldusingavarietyofmethods,depending
onconstraintsimposedbysiteconditions.SemiͲpermanentPVCorwoodenstakemonuments
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attheedgeofthetidalchannelhaveprovenunsatisfactory,astheytendtobedislodgedby
erodingchannelbanksorwinterice.Lowmonuments(<20cminheight)locatedawayfrom
thechanneltendtopersistbetter,butcanbedifficulttofindintallervegetation.When
possible,transectsaredesignedtopassadjacenttogroundwatermonitoringwellsorother
longͲtermmonitoringequipment.GPScoordinatesarecollectedforeachendofthetransect
(usingconsumer–gradeGPSreceivers,withWAASenabled),anddataisrecordedontransect
lengthanddirection.Thesenumericaldataarecombinedwithabriefnarrativedescription
(e.g.,“Fromthecenterofasmallpointonthetidalchanneltothelargeoakjusteastofa
birch”).Eachtransectisdocumentedwithphotographs.Wherelandownerspermitit,treesat
theuplandendofatransectmaybemarkedwithpaintorforestryflaggingtofacilitate
relocatingtransectsinsubsequentyears.Followingtheseprocedures,weestimatethat,with
fewexceptions,transectsarelocatedwithinonetotwometersofnominalpositionfromyear
toyear,withthelargesterrorsintroducedbychannelmigration,whichaltersthelengthand
baselineofthetransect.
Foreachtransect,acoversheetisusedtorecordinformationpertainingtothetransect.
Observationsofpercentcoverbyspeciesandcovertypeateachplotisrecordedona
vegetationplotdatasheet(App.A).
2.3.5.3 PlantIdentification
PlantidentificationfollowsHainesandVining1998.Identificationsinthefieldaremadeby
experiencedobservers,basedongeneralplantcharacteristics,andsometimeswiththeuseofa
handlens.Fieldstaffmustspendatleasttwodaysinthefieldwithexperiencedobserversand
passaninformalassessmentoftheirabilitytoidentifycommonsaltmarshplantsbeforebeing
allowedtocollectvegetationdataontheirown.CBEPmaintainsa“CheatSheet”ofcommon
tidalwetlandspecies,withusefulfieldcharacteristicstohelpfacilitateidentificationandyearͲ
toͲyearconsistencyinplantidentifications.
Samplesofanyplantspeciesnotreadilyidentifiedinthefieldarecollectedforlater
identificationinthelaboratory.Samplesareplacedinplasticbags,whicharelabeledbythe
site,station,andplotinwhichthespecieswasobserved.Eachunknownspeciesisgivena
temporaryidentification(e.g.,“Unknowngrass#3”)sothatdataonitsrelativeabundancecan
becollectedevenintheabsenceofdefinitiveidentification.Onceinthelaboratory,unknown
plantsareidentifiedwiththeaidofadissectingmicroscope.Onceidentificationsareconfirmed
byseniorprojectstaff,thefielddatasheetsareamendedinpen(allfielddataarerecordedin
pencil)toaddthecorrectidentification.Plantsthatcannotbeidentifiedarerecordedas
unknown.
Notallplantsorevenspeciesneedtobeidentified.Vegetationstructureisdominatedby
commonanddominantspecies.Furthermore,uncommonspeciescancreatemathematical
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instabilitiesinsomestatisticalmethodsusedtoanalyzevegetationdata,soareoftenpooledin
subsequentanalyses.Forvegetationdatatobeofacceptablequality,alldominantspecies
(cover>50%inanyplot)andallcommonspecies(presentinmorethan10%ofplots)willbe
identified,andatleast80%ofplantspeciesand80%ofplantcoverwillbeidentifiedtospecies.
2.3.5.4 SampleHandlingandCustody
FielddataareenteredintositeͲspecificMicrosoftAccessdatabasesanddataareindependently
reviewedbyasecondpartyforQA/QC.Anindependentplantspeciesdatabaseinterfaceswith
thesiteͲspecificvegetationdatabases.Theplantdatabaseisreviewedandupdatedannually,
sothatanyupdatestonomenclatureorclassificationarenotedandintegratedintothesite
data.DatasheetsanddatabasesarearchivedatCBEP.
2.3.5.5 Analyticmethods
Analysisofthevegetationdatafollowsstandardanalyticmethods.Analysesfocuseson
responsesofindividualspeciesandthevegetationasawholetorestoration.Analyseswill
documentanychangesinspeciesabundanceandvegetationcompositionateachmonitoring
stationandexaminespatialpatternsofvegetationalongtheaxisofthemarsh.
Vegetationinagivenplotischaracterized,withregardstofloodtoleranceandsalinity
tolerance,usingweightedaveragesofspeciesͲspecificindexes.Eachplantspecies’Wetland
IndicatorStatus(USArmyCorpsofEngineers2016;Lichvaretal.2016)isusedasanindexof
relativefloodtolerance,whileasalinitytoleranceindex(basedonVerrill2017)indicates
relativetolerancetosalt,bygroupingplantspeciesintohalophytic(salttolerant),brackish,and
glycophytic(notsalttolerant)categories.
AnalysisofvegetationdataemploysmultiͲdimensionalstatisticalmethods,coupledwitha
varietyofdatavisualizationstofacilitateinterpretation.Currently,vegetationdataisanalyzed
usingthe‘vegan’package,inR(Oksanen2017),butmayinfuturebeanalyzedwithother
suitablesoftware.Ordinationmethods(principallynonmetricmultidimensionalscaling)are
usedtocharacterizevegetationpatternbyreducingmultiͲdimensionalvegetationdatatotwo
orthreesyntheticdimensionsthatofferthebest2summaryofpattern.Ordinationsarebased
onsimplifiedabundanceclassesderivedfromthepercentcoverdata(e.g.,BraunͲBlanquet
vegetationcoverclasses),orpresenceͲabsencedata.Ordinationoutputisusedprincipallyfor
visualizations,butalsoforformalstatisticaltestsofvegetationchange.Groupsofplotsthat
sharesimilarvegetationareidentifiedusingclusteringalgorithms.Aprimarypurposeof
clusteringistoprovideobjectivelyͲdefinedgroupsthatcanbeusedtoaidinterpretationof
ordinationoutput.Clusterscangenerallybeinterpretedintermsofwidelyrecognized

2

Differentordinationmethodsusevariousdefinitionsofwhatitmeanstoofferthe“best”summaryof
multivariatedata.
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vegetationtypesordominantspecies.Thesemethodsareknowntoproviderobustresultswith
vegetationdata,readilyillustratingshiftsinspeciescompositionalongmajorinundationand
salinitygradients.
2.3.6 Plantspeciesofconcern
Additionalvegetationsurveysthroughoutthemarshensurethatthepresence,location,
distributionandquantityofplantspeciesofconcern(PSC)isdocumentedforreportingand
managementpurposes.
2.3.6.1 SamplingProcessDesign
AthoroughmeandersurveyofthemarshisundertakentodetectPSC.Ameandersurveyisa
semiͲstructuredsitevisit,inwhichinvestigatorswalkthemarshexaminingvegetationinall
areasofsuitablehabitat,lookingforPSCs.ThesurveyoccursinlateJulyorearlyAugustduring
thetypicalfloweringseasonfortargetedspecies.Theareasurveyedincludestheentireproject
areauptoandincludingtheuplandedge,andifvisible,thehighwatermarkfroman
astronomichightideevent.Indicationsofhighwatermightincludewrackaccumulation,
sedimentdepositiononplantsandwoodyvegetation,displacedleaflitter,orstressindicators
forterrestrialspecies(e.g.,orangeneedlesonPinusstrobus).Thesurveydoesnotextendinto
theadjacentupland.Forrestorationsites,thesurveyincludesboththeProjectAreaandthe
ReferenceArea.
2.3.6.2 SamplingMethods
Plantspeciesofconcernfallintotwocategories:1)nonͲnative/invasiveplants,typically
includingPhragmitesaustralis(commonreed)insaltmarsh,andsalttolerantorintolerant
speciessuchasLythrumsalicaria(purpleloosestrife)orBerberisthunbergii(Japanesebarberry)
inoradjacenttobrackishandfreshmarshes;and,2)standsofnativeorcryptogenicspecies
thatoftenformlarge,monotypicstandsonthemarshsurface,suchasTyphalatifolia(broadͲ
leafcattail).
Priortothesurvey,monitorsaretrainedtoidentifytargetedspeciesthroughreviewof:1)fact
sheetsdevelopedbytheMaineInvasiveSpeciesNetwork(UniversityofMaineCooperative
Extension2017);2)speciesidentificationcardsdevelopedthroughtheVitalSignsprogram(Gulf
ofMaineResearchInstitute2017);and3)techniquesfordifferentiatinginvasivefromnative
Phragmites(SwearingenandSaltonstall2010).
Thesurveyoccursbywalkingtheentireprojectarea,meanderingthroughremoteareasand
denselyvegetatedareas.IfaPSCisobserved,theobservationisphotographedand
georeferencedusingaGPS.Dataarerecordedontoafielddatasheet(App.A),andinclude
speciesidentification,contextualdescriptionoflocation,sizeofpopulation,assessmentofa
monoculturevs.mixedstand,andthepresenceofseedheadsorflowers.
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Phragmitesobservationsaredistinguishedasnative,introduced,ormixedwithdetailed
accompanyingphotographs.IfastandofPhragmitesispresent,theperimeterofthestandis
documentedusingGPS.IfamonoculturestandofTyphalatifoliaispresent,theperimeterof
thestandisdocumentedusingGPS.
Fieldstaffdocumentthegeneralsizeandlocationofeachstandbywalkingthestand’s
perimeter,andrecordinglocationsofseveralpointsontheedgeofthestand.Typically,
betweenfourandtenpointsareused.Theexactnumberdependsonstandgeometryandisleft
tothediscretionofthefieldstaff.
PositionsarerecordedusingconsumerͲgrade,handͲheldGPSreceivers,withWAASenabled.
PositionsarerecordedafterallowingtheGPSunittoaveragepositionsforatleast30seconds,
providingpositionalaccuracyontheorderof2Ͳ5metersundertypicalconditions.

2.3.6.3 SampleHandlingandCustody
Insomecasesfieldsamplesmaybecollectedforfurtheridentification.Fielddataareentered
intositeͲspecificMicrosoftExceldatabasesanddataentryisreviewedbyasecondpartyfor
QA/QC.DatasheetsanddatabasesarearchivedatCBEP.
2.3.6.4 Analyticmethods
AmapofPSCisprepared,andtheareaofanymonoculturestandsiscalculated.Observations
ofPhragmitesaustralisareimmediatelyconveyedtoprojectpartnersformanagement
consideration.
2.3.7 Photostations
Standardizedphotographicmonitoringoftidalrestorationprojectallowsforavisualrecordof
changesassociatedwithatidalrestorationproject,beginningwithbaseline(preͲproject)
conditions.DetailedSOPsforphotostationsareprovidedinCollinsetal2007,p.36Ͳ7(App.C).
Photostationsareestablishedusinggeoreferencedpointsonthegroundthatareassociated
withtheprojectsiteandmonitoringstations.Photosareframedinthelandscapeformatfor
yeartoyearconsistency.Photostationlocationsinclude:
x
x

Projectsite,withviewstoward:1)inlet,2)outlet,3)upstreamchannel,4)downstream
channel,5)roadapproachright,6)roadapproachleft.Photosaretakenatlowtide.
ChannelmorphologyͲcrosssections,viewstoward:1)riverleft,2)riverright,3)upstream,
4)downstream.Photosaretakenatlowtide,duringcrosssectionsurveyswhilethetapeis
acrossthechannel,withthetapeintheforeground.Photonumbersarerecordedoncross
sectiondatasheets.Additionalopportunisticphotosaretakentodocumentthe
longitudinalprofilesurvey,includingthestartandendofthetransect,aswellasthe
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locationofheadͲcuts,collapsedpeat,largewoodydebris,sedimentdepositionorother
distinctivegeomorphicfeatures.
Vegetationsurveys:1)viewfromthechannel(startoftransect)totheuplandedge,2)view
fromtheuplandedge(endoftransect)towardthechannel.Photosaretakenduring
vegetationsurveys,usuallywhilethetapeislaidoutalongthetransectandthusvisiblein
theforeground.Photonumbersarerecordedoncrosssectiondatasheets.
Surfacewaterhydrology:1)viewofinstrument(s),showinglocationwithinthechannel
duringlowtide,a)attimeofdeployment,andb)timeofremovalifpossible.

͵ Assessment/Oversight
3.1 AssessmentsandResponseActions
TheProjectManagertracksassessmentstatusandprogress.TheProjectManagerreviewsfield
dataweeklyatthestartofthefieldseasontoassessconsistencywithprotocols.Aftermaking
thedeterminationthatprotocolsarebeingfollowedforeachparameter,assessmentsare
conductedmonthlyfortheremainderofthefieldseason.TheProjectManagerwillnotifythe
fieldcrewoffindingsandinstructfieldcrewsofanychangesthatneedtobemadeinpractices
tocomplywithprotocols.
TheProjectManagerwillflagquestionabledataandusingbestprofessionaljudgement,
determinewhethertodiscarddataand/orresurveyaspecificparameter.
TheProjectManagerwillmaintainalogofassessmentdates,findings,andoutcomes.
3.2 ReportstoManagement
Reportsregardingassessmentstatuswillbemadeavailabletomanagement,EPA,andproject
partnersuponrequest.

Ͷ DataValidationandUsability
4.1 DataReview,VerificationandValidation
Theinsituinstrumentsensorsusedinthisprojectarefactorycalibratedbytheirrespective
manufacturers.
Alldataobtainedfrominsitusensorswhicharesupportedbyappropriatequalitycontroldata
andmeetthemeasurementperformancespecificationdefinedforthisprojectwillbe
consideredacceptableandusedintheproject.
4.2 DataValidationandVerificationMethods
Qualitycontrolofdatahasbeendescribedforeachparameterabove.Additionalchecksofdata
quality,areanintegralpartofdatapreparation,analysis,andreportpreparation.Inparticular,
dataischeckedforobservationsoutsideofexpectedranges.Dataareplottedandscannedto
identifypointsthatrepresentpossibleanomaliesincontext.Multivariatedataareplottedin
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pairͲwiseplotstohighlightunusualcombinationsofvalues.Allpotentiallyproblematicpoints
areinvestigatedtodeterminecorrectiveactions.Correctiveactionsmayincludearangeof
possibilities,fromcorrectingtypographicalerrors,toremovingdataentirely.Allcorrective
actionsaredocumented.
4.3 ReconciliationwithUserRequirements
ProjectpartnersmayrequirethatSAPsincludespecificperformancemeasuresforhydrology
signal,erosioncontrol,porewatersalinity,invasivespeciesorotherparameterstoassess
projectoutcomesagainstobjectivesdefinedthroughcriteriaspecifiedintheSAP.Inthese
cases,CBEPwillincludeaseparatesummarysectionwithinamonitoringreportthatreiterates
projectobjectivesandperformancestandards.Atableispreparedthatliststheperformance
standard,summarizesanannualreportoffindings,andmakesadeterminationofwhetherthe
performancestandardhasbeenmet.
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 Appendices
6.1 AppendixA–DataSheets
6.1.1 Desktopanalysisdatasheet
6.1.2 Equipmentchecklist
6.1.3 Porewatersalinitydatasheet(AppletreeMarshexample)
6.1.4 CrossSections
6.1.5 Longitudinalprofile
6.1.6 Vegetationtransectcoversheet
6.1.7 Vegetationplotdatasheet
6.1.8 Percentcoverreferencesheet
6.1.9 Invasiveplants
6.1.10 HOBOloggerdeploymentchecklist
6.1.11 HOBOloggerdeploymentdatasheet
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6.2

AppendixB–RegionalStandardstoIdentifyandEvaluateTidalWetlandRestorationinthe
GulfofMaine
Availableat:https://www.pwrc.usgs.gov/resshow/neckles/Gpac.pdf
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AppendixC–ChannelGeomorphologySOPs

6.3.1 StreamBarrierRemovalMonitoringGuide(Collinsetal2007)availableat:
http://www.habitat.noaa.gov/pdf/StreamͲBarrierͲRemovalͲMonitoringͲGuideͲ12Ͳ19Ͳ
07.pdf
6.3.2 TheReferenceReachSpreadsheet(Mecklenburg2006)isavailableat:
http://www.agri.ohio.gov/divs/SWC/docs/Reference_Reach_Survey_4_3_L.xlsm
6.3.3 Stadiarodspecifications:CrainSVRͲ25ͲTenths,Model#98010
x 25feetlong,fullyextended
x Measurementstothehundredthofafoot
x Sixextendablesections
6.3.4
x
x
x
x
x
x

Automaticlevelspecifications:TopconATͲB3AutomaticLevel
28xmagnification
Accuracy1km
Doublelevelrun:+/Ͳ1.5mm
Coarsesighting:Peepsight
Weight:3.75lbs.
OtherSpecifications:http://www.forestryͲsuppliers.com/Documents/1206_msds.pdf

6.3.5 Tapereelspecifications:KesonEnglish/MetricOpenReelFiberglassTape
x Graduatedbothsidesmeter/cm/2mm;feet/tenths/hundredthsotherside
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CascoBayEstuaryPartnership
6.4




TidalWetlandMonitoringQAPP

AppendixD–Hydrology&Conductivity/SalinitySOPs,OnsetHOBO

6.4.1 Manufacturer:
OnsetComputerCorporation
470MacArthurBlvd.
Bourne,Massachusetts02532
www.onsetcomp.com
1Ͳ877Ͳ564Ͳ4377
6.4.2 Manuals
x OnsetHOBOU20WaterLevelLogger:Usermanualavailableat:
http://www.onsetcomp.com/files/manual_pdfs/12315ͲEͲMANͲU20.pdf
x OnsetHOBOU24ConductivityLoggerManual:
http://www.onsetcomp.com/files/manual_pdfs/15070ͲCͲMANͲU24x.pdf
x OnsetHOBOUSBMicroStationDataLogger:
http://www.onsetcomp.com/files/manual_pdfs/20874ͲC%20MANͲQSGͲH21ͲUSB.pdf
x OnsetSmartBarometricPressureSensor:
http://www.onsetcomp.com/files/manual_pdfs/12291ͲF%20MANͲSͲBPB.pdf
6.4.3 Software:
x HOBOWareUser’sGuideAvailableat:
http://www.onsetcomp.com/files/manual_pdfs/12730Ͳ
W%20HOBOware%20User's%20Guide.pdf
x HOBOWareProBarometricCompensationAssistantUser’sGuide:
http://www.onsetcomp.com/files/manual_pdfs/BarometricͲCompensationͲAssistantͲ
UsersͲGuideͲ10572.pdf
x HOBOWareProConductivityAssistantUser’sGuide:
http://www.onsetcomp.com/files/manual_pdfs/ConductivityͲAssistantͲUsersͲGuideͲ
15019.pdf
6.4.4 Cleaning:
OnsetProductCleaningReferenceGuide:
http://www.onsetcomp.com/files/manual_pdfs/15667ͲDͲProductͲCleaningͲReferenceͲ
Guide.pdf
6.4.5 Deployment:
NationalParkServicereport:Continuouswaterleveldatacollectionandmanagementusing
OnsetHOBOdataloggers:ANortheastCoastalandBarrierNetworkmethodsdocument.
https://irma.nps.gov/DataStore/DownloadFile/563851
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6.0 Appendices
AppendixA–DataSheets

Contents:
x
x
x
x
x
x
x
x
x
x
x
x
x



Desktopanalysisdatasheet
Equipmentchecklist
Porewatersalinitydatasheet(AppletreeMarshexample)
CrossSections
Longitudinalprofile
Vegetationtransectcoversheet
Vegetationplotdatasheet
Percentcoverreferencesheet
Invasiveplants
InͲSituloggerdeploymentchecklist
InͲSituloggerdeploymentdatasheet
HOBOloggerdeploymentchecklist
HOBOloggerdeploymentdatasheet
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AppendixB–RegionalStandardstoIdentifyandEvaluateTidalWetlandRestorationin
theGulfofMaine
Availableat:https://www.pwrc.usgs.gov/resshow/neckles/Gpac.pdf
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Robert Shetterly

PREFACE

The Global Programme of Action Coalition for the Gulf of Maine (GPAC) was brought together by the commission for Environmental Cooperation (CEC), a North American organization which fosters environmental cooperation on transboundary issues between the United States, Canada, and Mexico. This binational effort is in response
to the United Nations Environment Program’s global action plan to reduce degradation of marine and coastal environments. It is internationally recognized that about eighty percent of marine pollution is caused by human activities
on land. GPAC has been working for over two years to facilitate the implementation of the United Nations’ global
plan through the various communities, organizations, industries, and governments of the Gulf of Maine.
In 1998 GPAC engaged in a series of broad discussions via two regional workshops to identify the primary landbased threats to the Gulf of Maine marine environment and to develop actions for reducing or eliminating their
impacts. These discussions highlighted the importance of tidal wetlands to the ecology, economy, and sustainability
of coastal ecosystems and some critical gaps in their conservation, restoration, and management throughout Gulf of
Maine jurisdictions. The workshop on “Regional Standards for Identifying and Evaluating Tidal Wetland Restoration in the Gulf of Maine” was supported by GPAC as an initial effort to address some of these gaps on a regional
scale.
On behalf of GPAC, we would like to extend our sincere thanks to all who participated in the workshop and who
contributed to its success. We particularly thank the Workshop Steering Committee for adding substance to GPAC’s
vision and the Wells National Estuarine Research Reserve for graciously hosting the workshop.
The results of the workshop presented in this volume provide the basis for developing some binational programs
to enhance tidal wetland restoration across the Gulf of Maine. We are pleased to have been able to help in establishing an international network that has been greeted with enthusiasm on both sides of the US-Canada border, and we
wish you continued success as these programs are implemented throughout the region.
GPAC Co-chairs:
Joe Arbour
Environment Canada
Katie Ries
National Ocean Service, National Oceanographic and Atmospheric Administration
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1 Regional Standards to Identify and Evaluate Tidal Wetland Restoration in The Gulf of Maine

INTRODUCTION
Restoration of tidal marshes in the Gulf of Maine has
gained considerable momentum during the last ten to fifteen years. (Dionne et al. 1998) Following several centuries of human activities that have altered, degraded, or destroyed a large proportion of the tidal marshes in the region, the emphasis of many federal, state, provincial, and
nongovernmental programs is now on restoring the natural
hydrology and functional values of these systems. Restoration efforts include proactive projects that increase the
amount and improve the quality of coastal habitats, and
mitigation projects to compensate for permitted impacts

This report summarizes the resulting tidal marsh inventory model and monitoring protocols for the Gulf of
Maine.
Dionne, M., D. Burdick, R. Cook, R. Buchsbaum, S. Fuller.
1998. Scoping Paper 5: Physical alterations to water
flow and salt marshes. Commission for Environmental
Cooperation. Montreal, Canada. 57p. and appendices.

OVERVIEW OF THE GPAC INITIATIVE
The Global Programme of Action for the Protection
of the Marine Environment from Land-based Activities
(GPA) was developed under the auspices of the United
Nations Environment Programme to assist national and
regional authorities in reaching the goal of “sustainable
seas”. The three North-American countries – Canada,
Mexico, and the United States – were among the more than
100 signatories who agreed in 1995 to strengthen national,
regional and global arrangements for addressing marine
degradation from land-based pollution and activities.

Undersized culverts significantly reduce
tidal flow into marsh systems.
to tidal wetlands. Despite this emphasis, however, the
overall effectiveness of tidal marsh restoration in the Gulf
of Maine is uncertain. Contributing to this uncertainty are a
lack of comprehensive baseline information on sites available for restoration, widely varying degrees of restoration
project monitoring, inconsistencies in monitoring data collection, and a paucity of scientifically defensible criteria for
determining restoration success.
In 1999, the Global Programme of Action Coalition for
the Gulf of Maine (GPAC) initiated a regionally coordinated project to address these needs. The goals of the
projects are to develop a Gulf of Maine-wide inventory of
potential salt marsh restoration sites and a regional monitoring network of restored and reference salt marshes. On
June 2-3, 1999, a workshop was hosted by the Wells National Estuarine Research Reserve in Wells, Maine to develop the common protocols needed to establish these regional programs. Over the course of a day and a half,
resource managers, scientists, and members of community
organizations from the United States and Canada
reached consensus on standard methods for inventorying
restoration opportunities and for monitoring restoration
efforts.

The Commission for Environmental Cooperation
(CEC) was established in 1994 by Canada, Mexico, and
the United States under the North American Agreement
for Environmental Cooperation to address transboundary
environmental concerns, help prevent potential trade and
environmental conflicts, and promote the effective enforcement of environmental law. The agreement complements
the environmental provisions of the North American Free
Trade Agreement (NAFTA).
In pursuing its mandate, the CEC is promoting two
pilot projects in North America to help implement the GPA.
The Gulf of Maine was selected as the focus of one of
those projects. To carry out this binational effort, the CEC
helped establish GPAC, a broad group of individuals from
Canada and the United States with interest in the Gulf of
Maine and the GPA. This group includes representatives
of the federal governments of Canada and the United States,
governments of the provinces (New Brunswick and Nova
Scotia) and states (Maine, New Hampshire, and Massachusetts) bordering the Gulf of Maine, Native American
tribes, First Nations of Canada, industry, community action groups, environmental advocacy groups, and research
and academic institutions.

Introduction

GPAC is intended to form the basis for continued
regional cooperation and joint actions in marine and coastal
areas of the Gulf of Maine. GPAC set a strategic course
based on the principles of the GPA and is working toward
the following vision for the future:

“A healthy marine and coastal environment
in the Gulf of Maine where human use and
biological diversity thrive in harmony.”
To help implement the GPA in the Gulf of Maine, GPAC
draws from and builds on the existing work of the Gulf of
Maine Council on the Marine Environment, the Regional
Association for Research in the Gulf of Maine, the CEC,
and other organizations and individuals committed to the
protection of this shared public resource of world-class
cultural, economic and ecological value.
In 1998, GPAC sponsored two workshops to identify
threats from land-based activities to marine and coastal
habitats of the Gulf of Maine and determine strategies and
measures to address these threats. Participants representing a broad range of disciplines, interests, and organizations developed a list of priority pollution and habitat issues requiring Gulf-wide action at the first workshop, which
was held in Saint John, New Brunswick on April 27-28.
These priority issues were combined into 5 broad categories, one of which focused on Physical Alterations to Water Flow and Salt Marshes. At the subsequent workshop in
Portland, Maine on November 15-17, participants reviewed
existing activities in the Gulf of Maine region related to
these priority issues, identified gaps in current environmental protection and land-use programs, and proposed a series of actions to protect the coastal and marine environment from pollution and disturbance arising from landbased activities. Through this process, the need for a Gulfwide inventory of potential tidal marsh restoration opportunities and regionally applicable standards for evaluating
tidal marsh restoration projects emerged as high priorities.
The workshop described in the following pages represents
the next step toward addressing these needs on a regional
basis.

WORKSHOP PROCESS
Workshop deliberations occurred within groups devoted
to one of four topics: site inventory, monitoring marsh physical characteristics, monitoring plants and habitat mapping,
and monitoring animals.
Workgroup discussions were guided strongly by

existing information. For example, various tidal marsh inventory models are in use within specific jurisdictions of
the Gulf of Maine region, each including certain site characteristics to be evaluated with varying degrees of overlap
(Appendix C). Similarly, a number of protocols also exist
for monitoring restored tidal marshes in the region, some
of which emerged from previous workshops on the same
subject (Appendix C). This information provided a critical
springboard for work group discussions.
Inventory work group participants used existing databases to propose data fields for inclusion in the regional
site inventory database model. To be selected as a field
for the regional database structure, the required information was determined to be regionally applicable, reasonably available, and relevant to making decisions on costs
and benefits of potential and completed restoration actions.
Existing protocols for monitoring restoration projects
were distilled into a list of potential variables for consideration by the monitoring work groups. Work group participants evaluated potential variables in terms of critical information gained, feasibility, cost (in U.S. dollars), the skill
level required for measurement, and spatial and temporal
sampling frequency. In recognition that application of a
lengthy, complex monitoring protocol on a large scale would
be cost prohibitive, participants were asked to reach consensus on a minimum number of core variables to include
in a standardized, regional protocol. Participants also recommended the “best” protocol by identifying additional variables, techniques, sampling periods, etc. to be included in a
monitoring project as resources allow.

PRODUCT DESIGN
The protocols developed at the workshop are intended
to serve as springboards for assessments of Gulf of Maine
salt marshes that are either likely candidates for restoration or that are being restored. To be most successful,
these assessments will involve the combined efforts of
practicing environmental professionals and members of volunteer, community based organizations. The products of
this workshop are intended for use by professionals to plan
inventory and monitoring projects, and for professionals
and volunteers working in partnership to actually undertake projects. Consequently, the level of detail presented
here assumes professional involvement. As presented,
these methods will assure the consistency of data collection efforts required for implementation on a regional scale.
We expect that in most cases, more detailed procedures
of field techniques will be compiled to guide on-the-ground
data collection.
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3 Work Group Report: Database Model For Restoration & Reference Site Inventory

DATABASE MODEL FOR RESTORATION AND REFERENCE SITE INVENTORY
WORK GROUP PARTICIPANTS
Summary by: Eric Hutchins-NMFS, Arnold Banner-USFWS, John Catena-NMFS, Lou Chiarella-NMFS,
Pascal Giasson-NB DNRE, Jennifer Graham-Ecology Action Center, Kim Hughes-NB Dept. of the Env., Chuck
Katuska-MA Wetlands & Banking Program, Tim PurintonNortheast Wetlands Restoration,Vic Pyle- Restore
America’s Estuaries, Aviva Rahmani-Ghost Nets, Bob Rutherford- NS Dept. of Fisheries & Oceans.

and potential restoration actions. A Regional Inventory
Data Sheet and list of regional inventory coordinators are
included in Appendix D.

RATIONALE
The work group agreed on the following database
structure to inventory existing and potential tidal marsh restoration sites. Data fields were selected based on regional
applicability, availability of information, and relevance
for making decisions on costs and benefits of completed

Aerial View of Webhannet Marsh, within Wells NERR
and Rachel Carson NWR, Wells, ME

Y Nature of Alteration: select from following list: tidal
restriction, fill, stormwater, bulkhead, ditching, salt hay,
Site I.D.: two letter state/province ID followed by
other; maximum of 40 characters, e.g. tidal restricconsecutive numerals, max. of five characters, e.g.
tion/stormwater
MA1, MA2, MA3,….MA99
Y Impacts: consequence of alteration from following
Project Name: subjective name, maximum of forty
list: drained marsh, impounded, flooded, invasive vegcharacters, e.g. Conomo Point
etation, other; maximum of 40 characters, e.g. drained
marsh/invasive vegetation
Town/City: town, city, maximum of forty characters, e.g. Manchester-By-The-Sea
Y Area: practicable area of enhancement/restoration
in square meters; this is the area improved, not just
Waterbody: closest waterbody identified from a
the area worked on (e.g. dam removal area would be
1:24,000, 7.5 minute quadrangle map produced by
large, but the area restored could be small) maximum
the US Geological Survey or a 1:50,000 map pro12 characters, e.g. 8,000 m2
duced by Energy, Mines, and Resources, Canada,
maximum of forty characters, e.g. Saratoga Creek
Y Restoration Action: select from following list: fill
removal, stormwater treatment, culvert enlargement,
Latitude/Longitude: a point near center of restoditch plugging, other, maximum 40 characters, e.g. fill
ration site, including degrees, minutes and seconds,
removal/ stormwater treatment
e.g. 40° 18’ 23” N, 70° 34’ 45” W
Owner: public and/or private, and/or Non-Profit Or- Y Estimated Cost: three ranges, (<10K), (10K – 100K)
or (>100K), maximum 10 characters, e.g. 10K – 100K
ganization; enter owner acronym or abbreviation if

CORE VARIABLES
Y

Y
Y
Y

Y

Y

known, otherwise use PUB/PRV/NPO, maximum of Y Actions: check all that apply from the following list
15 characters, e.g. USFWS/PRV/NPO
and record date of entry: none, pre-monitoring, permitted, implementation, post-monitoring, e.g. pre-moniY Historic Condition: pre-impact National Wetlands
toring, permitted, implementation, 9/00
Inventory Classification (US) or Canadian Wetlands
Atlas Classification (Can) or specific species, maximum of 30 characters, e.g. E2EM/S.patens

Y For More Information: two names and contact info.
for additional information, e.g.John Catena, NMFS, 1
Blackburn Drive, Gloucester, MA 01903, P: 978-2819313, Email: John.Catena@noaa.gov
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BASELINE HABITAT MAPPING
WORK GROUP PARTICIPANTS
Summary by: Charles Roman-USGS, and Ted
Diers-NH Coastal Program, Sarah Allen-Normandeau
Assoc., Bruce Carlisle-MA CZM, Carolyn Currin-NOAA,
Pam Morgan-UNH, Frank Richardson-NH DES, Peter
Shelley-Conservation Law Foundation, Lee Swanson-NB
DNR.

RATIONALE
The base map provides a foundation for monitoring
activities. The purpose of the core variables defined below is to provide the basic minimum information on the
location and fundamental features of the restoration site
(locus map, key physical and cultural features, latitude and
longitude), the general ecological condition of the marsh
(cover type mapping), and potential stresses on the marsh
(adjacent land use). The base map provides a template for
location of specific sampling sites and offers a baseline for
spatial change analyses (e.g. cover type changes over time).

CORE VARIABLES
Y Locus Map: state, province, city or town of salt
marsh monitoring site
Y Key locator and cultural features associated
with monitoring site: e.g. rivers, roads, culverts
Y Delineated wetland area/cover types: salt marsh,
fresh/brackish marsh, forested wetland, shrub dominated wetland, open water (creeks, pannes, pools,
ditches), invasive species or species of interest, e.g.
Phragmites. If available, National Wetland Inventory
(US) or Canadian Wetlands Atlas (Can.) delineations
would be appropriate
Y Manipulations: pre- and post-restoration, e.g. culverts, dredging, removal of fill, excavations, addition
of fill, etc.
Y Sampling locations: pre- and post-restoration
monitoring (transects, plots, etc.)
Y Base map documentation: sources of base map
(USGS or Canadian topographic maps, aerial photographs including scale, type, and date, tax maps, National Wetland Inventory database, other), scale of
map and north arrow, latitude and longitude

Great Blue Heron, Ardea herodias and
Snowy Egret, Egretta thula
Photograph by B.A. King

MAPPING METHODS
Methods used to prepare the base map will be directly
dependent on the capabilities and facilities available to the
site participants. The most fundamental base map would
be intitiated with a 1:24000 scale topographic map, whereas
more sophisticated maps would use an orthophoto base
and geographic information systems (GIS) capabilities. A
base map developed with a GIS platform will have the greatest long-term utility and will be easily modified as data
sets become available. It is strongly recommended that GIS
be utilized if possible.
There are several approaches to cover type mapping.
First, the US Fish and Wildlife Service National Wetland
Inventory (NWI) database or the Canadian Wetlands Atlas
may have mapped wetland cover types for the monitoring
site. State and provincial resource managment agencies
are also good sources of cover type maps. The NWI maps
are presented on a 1:24,000 base. Oftentimes these maps
are based on older photography (i.e., 1970’s-80’s) and may
need to be field verified for accuracy. Recent aerial photographs (preferably vertical) are another highly useful source
for developing or verifying the cover type base, but on-site
ground truthing is always required. State and provincial
agencies can also be good sources of aerial photography.

SKILL LEVEL
All components of the base map, except for cover type
mapping, can be accomplished by volunteers, with minimal initial guidance by professionals. Cover type mapping
will require involvement of professionals with training in
photointerpretation and field ground-truthing; however,
with training and oversight, volunteers could accomplish
these tasks. The more sophisticated base maps or series of
base maps will be developed through GIS platforms for
which extensive training and computer facilities are required.
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COST

ADDITIONAL VARIABLES

Costs for development of the base map will vary depending on the degree of professional involvement. It
would be ideal to engage the time and facilities of a GIS
professional for development of the base map. University environmental labs and environmental state, provincial, and federal agencies all have excellent GIS capabilities. The minimum base map could be prepared in 4-6
weeks time by a GIS professional at an estimated cost of
up to $5,000 - $10,000. This includes compiling the spatial data, interpreting aerial photography, and groundtruthing. The cost could be reduced significantly through
the use of trained volunteers. In addition, it may be possible to involve a GIS professional as a public agency’s
contribution to total project costs.

Some sites and investigators with access to extensive
map files, aerial photography libraries, and GIS capabilities
may develop comprehensive base maps. Given these
capabilities, it may be appropriate to include additional
information on the base map including: detailed cover-type
mapping, ownership boundaries, elevation contours, soil
organic content, and 100 yr floodplain boundary.

Common Reed

Marsh Elder

SELECTED REFERENCES
Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe.
1979. Classification of wetlands and deep-water habitats of the United States FWS/OBS-79-31. 103p.
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TIDAL MARSH RESTORATION
MONITORING
The following monitoring protocol for tidal wetlands is
based on a set of core variables within broad categories of
wetland structural and functional responses to restoration.
In selecting core variables, work group participants considered the integrative properties of various potential measures and the ease and cost of application on a regional
scale. In some cases, certain variables and sampling
schemes emerged as ideally suited for regional implementation; in others, trade-offs between information content
and expediency were required.
The variables and methods identified here represent
only one of several ways to characterize marsh response.
Collectively, these variables provide a cost-effective and
scientifically valid approach for monitoring restoration
projects in a consistent manner throughout the Gulf of Maine
region.
The core variables included in the protocol are the minimum deemed necessary to evaluate responses of tidal
marsh ecosystems to restoration. These variables should
be monitored at all sites included in the regional network.
Restoration projects differ in goals, scope, and availability
of resources for monitoring, so that additional monitoring
of individual projects may be warranted. Additional variables are recommended within each monitoring category
for application to specific projects. Each section also lists
several key references that provide more thorough background and rationale for variable selection and some overviews of sampling methods.
Restoration sites should be paired with “undisturbed”
natural reference marshes for monitoring, and ideally,
restored and reference systems should be monitored both
before and after the restoration is completed. Natural
wetlands are not true controls, but serve as reference
systems for determining whether restoration goals are being met, and they may be essential for distinguishing responses to restoration from natural background variability.
Natural marshes used as reference systems must be
in a similar physical setting as the restoration projects to
which they are being compared. Thus salt marsh reference sites should be selected to be similar to restoration
projects in terms of uncontrolled variables such as temperature, geomorphology, potential tidal range, elevation,

Robert Shetterly

landscape position, adjacent land use, and water quality.
Many restoration efforts in the Gulf of Maine focus on
removing obstructions to tidal flooding caused by roads,
dikes, or undersized culverts. In some instances, an appropriate reference site may be found downstream from
the tidal restriction, although it is recognized that downstream and upstream portions of marshes may exhibit different salinity regimes and support different ecological communities. A well-studied marsh may also serve as an appropriate reference.
Valid statistical comparisons between pre- and postrestoration conditions and between restored and reference
marshes depend in large part on the independence of replicate samples and consequent experimental error terms.
More generally, statistical models assume zero correlation
among experimental replicates. Truly random sampling
provides necessary and sufficient insurance against violating this assumption. All of the sampling methods described here that depend on statistical tests to make inferences about the marsh ecosystem assume some type of
random sample allocation. The number of samples needed
depends on the size and complexity of the marsh being
described, the variability of the parameter being measured,
and the desired precision of the estimate. If preliminary
sampling is possible, then the number of observations
needed to achieve a certain statistical power can be based
on the estimated population variance. Practically, given
that the precision of estimates increases with sample number, more samples are usually better. In general, the sample
sizes included in the protocol were intended for typical
Gulf of Maine marshes up to about 20 ha in size. Large
systems with complex hydrologies and broad elevational
ranges may require greater sampling efforts.
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ECOSYSTEM INDICATOR:
HYDROLOGY
WORK GROUP PARTICIPANTS
Summary by: David Burdick-UNH Jackson Estuarine Lab., Kim Hughes-NB Dept of Environment, Hilary
Neckles-USGS, Richard Orson-Orson Environmental
Assoc., Edward Reiner- US EPA, Henry Rines-Applied Science Associates, Inc., Jan Taylor-USF&WS, Larry WardUNH Jackson Estuarine Lab.

Robert Shetterly

RATIONALE
The fundamental control on the structure and function
of salt marsh habitat is flooding with salt water.
Hydroperiod is the amount of time, in terms of frequency
and duration, that the area is flooded. The hydroperiod
within a marsh is determined by the tidal signal and elevation.
The most common impacts to salt marshes in the Gulf
of Maine are caused by hydroperiod alterations resulting
from tidal restrictions caused by roads, railroads, or other
obstructions to tidal flow; restoration focuses on increasing tidal exchange. Hydroperiod alterations can also result
from mosquito ditching, an extensive practice in Gulf of
Maine marshes. Methods are being developed to restore
natural hydrology to ditched marshes.
Although tidal predictions may be available for astronomical tides affecting coastal areas close to the restoration site, local variation (naturally and resulting from human activities) makes it imperative to obtain actual measurements at the specific location to be restored. Similarly,
the elevation of the marsh surface relative to the tidal height
must be measured.
The monitoring methods outlined are appropriate for
many types of salt marsh restorations. Because of the prevalence of tidally restricted marshes in the Gulf of Maine,
data collection for this type of restoration is stressed.

Tidegates deprive
salt marshes of
essential tidal flow.
These gates, on
Back River Creek,
Woolwich, ME have
been removed.

CORE VARIABLES
Y Tidal Signal: The pattern of water level change
(maximum of 15 minutes between measurements)
with respect to a reference point

Y Surface Elevations: Marsh surface elevation
(contour intervals of 15 cm or less)

SAMPLING METHODS
Two types of data are needed to describe the
hydroperiod; each must be collected within the entire area
affected by the planned restoration. These data will be
used to assess the potential hydroperiod, to understand the
relationship between flooding and habitat type and to predict the habitat that could result under different restoration
and management options.

Tidal Signal
Automatic water level recorders should be operated
simultaneously for a minimum of two weeks, i.e., one
lunar cycle of spring and neap tides (one month, or two
lunar cycles is better) near the source of tidal influx. For
tidally restricted marshes, recorders should be installed both
upstream and downstream of the tidal restriction. Either a
water level gauge or pressure transducer would produce a
tidal curve yielding the necessary data. Lacking access to
an automated water level recorder, 10-minute measurements over 13-hour periods using a simple tide staff (a
vertical ruler fixed in the tidal channel) for three spring
and three neap tides would provide adequate information.
Using either method, the elevations of the upstream and
downstream devices are required, preferably referenced to
NGVD (National Geodetic Vertical Datum). At a minimum, the relative elevations of the water level recorders in
the impacted and reference marshes must be known.
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Surface Elevations

SKILL LEVEL

There are two acceptable approaches to obtain this
second type of data needed to calculate hydroperiod. Both
require the skills of professionals. The preferred approach
is to produce a contour map of marsh elevations throughout the entire area to be restored, e.g. both upstream and
downstream of a restriction. The contours must be at
15 cm intervals or smaller to make meaningful predictions
regarding habitat. The area of marsh flooded by a particular tide or the amount of time it is flooded per month can
then be calculated (hydroperiod). Lacking the resources
to produce such a map, relative elevations of 40 to 100
randomly selected points can be used to produce a hypsometric curve. These points can be obtained by taking measurements at regular 5-10 m intervals, e.g. every 5 meters
along transects running across the marsh from high tide
line to high tide line, as delineated by the wrack line around
the marsh perimeter. Application of the hypsometric curve
to marsh surface area provides an estimate of the amount
of marsh area flooded for any particular tidal height and,
coupled with the tidal signal, can yield the hydroperiod.

Tidal signal measurements using pressure transducers
or tidal gauges require professionals for installation, data
collection, data reduction and interpretation. Tidal staffs
installed by professionals may be read and recorded by
volunteers, but data should be reduced and interpreted by
professionals. Marsh surface elevations and correction to
NGVD as well as map or hypsometric curve generation
require professionals.

COST
Costs are estimated for work performed in one sampling period (e.g. pre-restoration, post restoration year one,
year five, etc.) at a site no larger than 10 hectares (22 acres).
For variables that require more sampling at larger sites,
costs will be greater. Collection of tidal signal data using
2 automated recorders requires about $1500 for equipment,
2-4 days of professional work for deployment and data
collection and 1-3 days of professional work for data processing. Alternatively, use of tide staffs would require about
$200 for equipment, and 2-4 days of professional work
for data processing. Generating a contour map requires
about $1500 for equipment, 3 days of field work and 2-4
days of professional work. Alternatively, generating a hypsometric curve of marsh elevations requires about $500
for equipment, 2 days of field work, and 2-4 days of professional work. Survey and other equipment can often be
borrowed from agencies or academic institutions.

ADDITIONAL VARIABLES
Tidal Creek Cross-Sections

Example of a hypsometric curve.

Cross-section profiles of major tidal creeks can be measured prior to restoration and at 2-3 year intervals postrestoration. Profiles are measured using standard survey
techniques, with special care not to damage the escarpments.
The position of the profile should be carefully marked so
that the identical cross-section can be monitored following restoration.

SAMPLING DESIGN
Tidal signal data should be collected for a period of 24 weeks prior to the restoration and soon after restoration.
The number of elevation data points needed to generate a
contour map or hypsometric curve will depend on the area
and the morphology of the marsh. Elevations need to be
measured only once, but close to the date of restoration.
Subsequent measures of tidal signal or surface elevations
can be left to the discretion of the responsible management
agency, but should be performed at least every 5 years.
For tidally restricted marshes, information should be obtained both above the restriction and in an adjacent area of
marsh below the restriction.

Downloading water quality data collected
by data logger

DD
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Water table depth

Current profiles in main channel

Under circumstances where an important goal of the
restoration project is to increase tidal flooding to reduce
invasive upland or wetland species, water table depth monitoring is recommended. Changes in water table can be
monitored with wells or piezometers (wells open only near
the base for the sole purpose of observing groundwater
levels) placed deep enough in the soil to intersect the water
table during drier periods. Piezometers can be constructed
from PVC pipe with a screened, perforated interval that
intersects the water table. Stations should be placed according to recommendations given for soil salinity stations
(see Soils and Sediments section) as well as along the upland edge of the marsh or in populations of plants that
should be affected by the restoration action. Sampling
should occur at low tide about 6 times a year in the early to
mid growing season and include neap and spring tides. Volunteers can assist with sampling.

Knowledge of the tidal current in the main channel can
be useful when designing the tidal conduit for a tidal restoration and to assess the function of the structure as-built.
Tidal current should be assessed over several tidal cycles
and can be measured with a recording current meter.

Surface water quality, salinity, and other
characteristics
If an important goal of the restoration is to improve
water quality, water quality parameters should be included
in project monitoring. Sample stations could be established
along the main stem of the channel. Measurements of dissolved oxygen, salinity, temperature and pH may be accomplished using an automated data logger. Manual data
collection can be accomplished with portable dissolved
oxygen and pH meters. These should include pre-dawn
and noon measurements collected on outgoing spring and
neap tides. Carefully trained volunteers can measure surface water quality with a high degree of accuracy and precision.
The salinity of the water within tidally-restricted
marshes should increase following tidal restoration. Stations could be established along the main stem of the channel and salinity measured in the flooding waters on spring
and neap high tides. The water column is assumed to be
unstratified (this should be verified on a flooding tide) and
can be collected by canoe using a bucket or tube. Salinity
can be measured using a temperature-corrected optical refractometer to the nearest 2 ppt or a hydrometer and thermometer in a graduated cylinder (nearest 1 ppt). Volunteers can collect water samples and measure salinity.

Extent of tidal flooding
If the hydroperiod (as described above) cannot be measured, it is useful to determine the high water mark. The
perimeter of the flooded area can be walked and mapped
at high tide during both spring and neap tides. Other methods can also be used to determine the extent of flooding
such as measuring the height of water on sticks inserted
near the high tide line and coated with cork dust, poster
paint, or craft glue. The flooding water will make a line on
the stick corresponding to the high water mark. Much of
this work can be performed by volunteers.

KEY REFERENCES
Boumans, R.M.J., D.M. Burdick and M. Dionne. In review. Modeling habitat change in salt marshes following tidal restoration. Restoration Ecology.

Mitsch, W. J., and J. G. Gosselink. 1993. Wetlands.
Van Nostrand Reinhold, New York.
Roman, C. T., R. W. Garvine and J. W. Portnoy. 1995.
Hydrologic modeling as a predictive basis for ecological restoration of salt marshes. Environmental
Management 19:559-566.
U.S.EPA. 1993. Volunteer estuary monitoring: a methods manual. Environmental Protection Agency, Office of Wetlands, Oceans and Watersheds, Washington, D.C. EPA 842-B-93-004.

Water table salinity
monitoring well,
with refractometer
for measuring
salinity and modified meter stick to
measure water level
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SAMPLING DESIGN

ECOSYSTEM INDICATOR:
SOILS AND SEDIMENTS
WORK GROUP PARTICIPANTS
Summary by: David Burdick-UNH Jackson Estuarine Lab., Kim Hughes-NB Dept of Environment, Hilary Neckles-USGS, Richard Orson-Orson Environmental
Cons., Edward Reiner- US EPA, Henry Rines-Applied Science Associates, Inc., Jan Taylor-USF&WS, Larry WardUNH Jackson Estuarine Lab.

RATIONALE
Soil salinity determines, to a large extent, the distribution and abundance of plant species in salt marshes. Many
restoration projects are initiated with the goal of reestablishing plant communities characteristic of salt marshes,
which also involves simultaneously reducing the abundance
of fresh water plants, including invasive species like
Lythrum salicaria, or Phragmites australis. Following restoration, plant distributions are expected to change in response to increased soil salinity. Measuring salinity several times during the early to middle growing season would
provide the best indicator of changes in environmental conditions regulating plant growth, distribution, and abundance.

Soil salinities should be
obtained throughout the entire area to be restored and
at an appropriate reference
marsh. Sampling should be
performed at low tide about
six times a year between the
beginning of the growing
season (April or May) to
mid-season (July or August)
Robert Shetterly
including both spring and
neap tides. Sampling could be scheduled each year, but if
annual assessments show positive results from the restoration, it could be omitted in some years (for example: prerestoration, year 1, 2, 4, 5, 7 post-restoration).
A very simple layout of five stations per marsh unit
(upstream and downstream of tidal restoration) should be
established as a minimum for sampling soil salinity in areas restored by increasing tidal exchange. Along the axis
of the main channel one station would be placed close to
the restriction, one near the predicted head of tide (after
restoration) and one equidistant between the two. These
three stations would be located in high marsh approximately
3 to 4 meters from the tidal channel. Two more stations
would be placed between the central station and the upland, in high marsh. In a simple circular or rectangular
marsh, the stations would form a cross.

CORE VARIABLE
Y Pore Water Salinity: parts dissolved salts per
thousand (to the nearest 1 ppt); referenced against
a Practical Salinity Scale

Example of a
layout of site
locations for soil
and salinity
samples

SAMPLING METHODS
A minimum of five stations should be established for
sampling soil salinity. Soil salinity could be sampled any
number of ways (soil core, sipper, well), but wells may be
the most efficient since there should be about six collection dates a year. Soil water should be collected from 5 to
20 cm depths (0 to 5 cm samples are not practical except
with soil cores). Wells to determine soil salinity are constructed from 19mm diameter CPVC plastic pipe with 7
pairs of 4 mm holes at sediment depths between 5 and 20
cm. The base of the 35 cm pipe is sealed and the top is
capped with two right angles in sequence. Salinity may be
measured on site or at a laboratory using either a temperature-corrected optical refractometer (nearest 2 ppt) or a hydrometer and thermometer in a graduate cylinder (nearest
1 ppt). Sampling may be performed by volunteers once
stations and methodology are established.

SKILL LEVEL
Once sample locations and methodologies for sampling and measurements are demonstrated, volunteers can
collect the samples and measure soil salinity. Volunteers
can also help organize this data for preparation of data
reports.

COST
Estimated costs for one sampling interval at a site no
larger than 10 hectares (22 acres) include $200 for equipment, 1.5 days of professional work to build wells and
establish stations, 4 days of volunteer or professional work
to collect and reduce data, and 2 days of professional work
to report data. Costs will be greater at complex sites requiring a larger number of stations.
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ADDITIONAL

VARIABLES

Organic Matter
Both flooding and salinity control the decomposition
rate of organic-rich sediments (i.e., peat) and rapid sediment rebuilding following restoration may be due to influx and deposition of inorganic sediments as well as growth
of underground storage organs of plants (rhizomes). Thus
determination of soil organic matter can reveal insights regarding pre-restoration impacts to the marsh (subsidence
due to oxidation of organic matter in the sediments) and
the process of recovery following restoration. Soil cores
to 20 cm depths should be collected from the soil salinity
stations and sectioned into 5 cm segments. Soil moisture
(% of wet weight) and organic content (% of dry weight)
are measured by weight loss after drying, then burning at
450° C, respectively. Soil organic matter should be determined once prior to restoration and as needed following
restoration (e.g. years).

to provide baseline information, assess projects to restore tidal
flow, and assess impacts from dredging. These stations are
located 10 meters from the high marsh edge of tidal channels
or embayments and human traffic is kept to a minimum.

Redox Potential
The degree of chemical reduction/oxidation (redox)
in the soil can provide information regarding paths (and
relative rates) of organic matter decomposition in the peat
soils of marshes. Redox potential is measured using commercially available or home-made half cell platinum probes
calibrated prior to field deployment and equilibrated 30
minutes in the sediment. The potential is measured with a
hand-held voltmeter connected to a calomel half cell. Raw
data are corrected to obtain Eh values (the standard hydrogen electrode) by adding +242 mV to the raw readings.
Redox potential should be measured at 1 cm and 15 cm
depths at the same stations where soil salinity and organic
matter are measured.

Sediment Accretion
Accretion of inorganic and organic material deposited
onto the surface of marshes by flooding waters and vegetation is one of the important processes that allows marshes
to build vertically, offsetting the rise in sea level. Accretion is most commonly measured using a marker on the
horizon. A horizon marker is established by applying a
known, identifiable material such as feldspar dust to the
surface of the marsh. The amount of material that has accumulated above the marker can be measured from a sediment core taken at the same site at a later date. The sediment accreted can be reported in mm year -1, or following
drying and combustion, in g dry weight m-2 year -1 of inorganic and organic components.

Sulfide Concentrations
Due to the great variability of redox potential, measurement of sulfide concentrations provides better information than Eh regarding oxygen status of the soils. Water
extracted from soils can be fixed in a zinc-acetate solution
and processed at a laboratory to yield sulfide concentrations using a spectrophotometer.

Soil salinitity
tested using a
refractometer

Sediment Elevation
Net balances in critical soil processes that allow salt
marshes to persist over time may be assessed by measuring the surface elevation of the marsh. Loss in elevation
indicates peat degradation, whereas gains may be due to
accretion at the surface or peat development below the surface. Standard survey techniques are unable to measure
short term changes in elevation (2 to 3 years), but are adequate for documenting long term change (10 years or
greater). Short term changes in the sediment elevation of
salt marshes around the world are being monitored using
Sediment Elevation Tables (SET). Installation of the SETs
is difficult and requires professionals. Usually only 2 to 4
stations are installed in a single marsh. In New England,
more than 30 stations exist in several salt marshes from
Rhode Island to Maine. Data are being collected

KEY REFERENCES
Boumans, R.M.J. and J.W. Day, Jr. 1993. High precision
measurements of sediment elevation in shallow coastal
areas using a sedimentation-erosion table. Estuaries
16:375-380.
Burdick, D.M., M. Dionne, R.M. Boumans and F.T. Short.
1997. Ecological responses to tidal restorations of two
northern New England salt marshes. Wetlands Ecology and Management 4: 129-144.
Chambers, R.M. 1997. Porewater chemistry associated
with Phragmites and Spartina in a Connecticut tidal
marsh. Wetlands 17:360-367.
Portnoy, J.W. and A.E. Giblin. 1997. Effects of historic
tidal restrictions on salt marsh sediment chemistry. Biogeochemistry 36:275-303.
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1) Identify all plant species (i.e.,species composition).

ECOSYSTEM INDICATOR:
VEGETATION
WORK GROUP PARTICIPANTS
Summary by: Ted Diers, NH Coastal Program, and
Charles Roman-USGS, Sarah Allen-Normandeau Assoc.,
Bruce Carlisle-MA CZM, Carolyn Currin-NOAA, Pam
Morgan-UNH, Frank Richardson- NH DES., Peter ShelleyConservation Law Foundation, Lee Swanson-NB DNR.

RATIONALE
The goal of vegetation monitoring is to track trends in
plant abundance and species composition of the marsh community over time. A protocol for monitoring restoration
projects must be capable of detecting changes in the vegetation of the restoring marsh and a reference marsh in the
years following restoration actions, and of determining
whether and how the vegetation of the restoring marsh differs from that of the reference system over that time period. In addition, frequently the purpose of a restoration
project focuses on a specific plant species such as
Phragmites australis or Spartina alterniflora. In these
cases, more detailed information on individual species of
concern may be warranted. The methods described below
should be applied routinely to the marsh plant community
in general, with additional data collected on species of concern as appropriate.

CORE VARIABLES
Y Abundance: cover class per m2 , by species
Y Composition: identity of species per m2
Y Height of species of concern: mean height of 3
tallest individuals of each species of concern per
m2

2) For each species, estimate percent cover by visual examination. Estimate percent bare ground as well.
The estimate should be an integer number that can be
categorized within standard Braun-Blanquet cover
classes (<1%, 1-5%, 6-25%, 26-50%, 51-75%, >75%).
Estimating cover by visual examination can be somewhat subjective; however, it has been demonstrated that
these measures of cover are comparable to the more
time intensive, quantitative measures of relative abundance, such as point intercept counts (Kent and Coker
1992).
3) Measure and then average the height of the tallest three
individuals of each species of concern within each plot.
In addition, for plots restricted to species of concern
(see Sampling Design, below), determine the stem density
by species within a subsampled area of the plot.

Photo stations
Photographs taken from permanent stations can provide qualitative information on the changes in the plant
community over time. Stations should be indicated on maps
and with permanent field markers. The stations should include views of the restoration activity or structures. Two
kinds of photo stations should be established – landscape
or panoramic views and close-ups of plots. Landscape
photos are taken at several compass bearings to cover a
panorama of the entire marsh. For stands at the site of a
tidal restriction, bearings showing the downstream marsh
are desirable as well. Landscape photographs should include a person or an object for height scale. Close-ups are
oblique views of a select number of the permanent vegetation plots. The corners of the plots should be identified
with orange flagging and the photo taken from a height of
about 1.2 m (4 ft). Photos should be taken at the time of
vegetation sampling.

Y Stem density of species of concern: # shoots
per m2, plots restricted to species of concern, by
species

SAMPLING METHODS
Plots
The general marsh community and species of concern
are sampled using 1 m2 quadrats. All sampling should be
accomplished at the time of maximum standing biomass,
in mid-summer (mid-July through August).
At each plot, take the following measures:

Salt marsh haySpartina patens
Robert Shetterly
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SAMPLING DESIGN
Marsh Community
The marsh plant community should be sampled using
permanent plots positioned along transects in a systematic
sampling design, following Elzinga et al. (1998). Use of
permanent plots (re-sampled at each sampling interval) allows the application of powerful statistical tests for detecting change. Systematic sampling allows relatively easy
positioning and relocation of quadrats and insures a fairly
uniform distribution of quadrats throughout the study area.

Volunteers using
transect to monitor
vegetation

The marsh study area, or areas, should be identified
and mapped. This may include a marsh that is bisected by
a causeway, with one marsh area under the influence of
reduced tidal exchange and another area open to full tidal
exchange. Within each marsh study area, transects will be
established perpendicular to the main marsh tidal creek;
transects begin at the creek bank and extend to the upland.
So that transects are dispersed fairly uniformly across the
marsh, transects are positioned randomly within contiguous marsh segments. Divide the marsh into equal-sized
segments along the axis of the main tidal creek, and randomly locate transects within marsh segments. Quadrats
are then systematically located along transects. For each
transect, the location of the first quadrat is selected randomly within the low marsh zone, or within the first 3 meters
if no zone is apparent. Subsequent quadrats are located at
consistent distance intervals along the transect. Given that
the transects are established in a random manner, and assuming that there is adequate spacing between quadrats (>10
m) to insure that the plant communities of nearby quadrats
are not correlated with each other, each quadrat can serve
as a single sample unit (similar to a simple random sampling design).

The map or aerial photographs should be used to lay
out the marsh segments, transects within segments, and
quadrats along transects to achieve an appropriate dispersion of sample plots. In the field, the exact starting location of transects and quadrats can be determined using a
random numbers table and meter tape.
What should be the total number of 1 m2 quadrats
sampled within each marsh area? This question should be
resolved before the transects and quadrats are established.
The ideal way to determine the appropriate number of plots
required would be to conduct a power analysis. Using this
approach, if the variability associated with the measurement and the desired level of change detection (i.e., subtle
vs. major changes in the marsh community) are known,
then the number of replicates required can be determined.
A power analysis specific to New England salt marsh vegetation studies has been completed by the USGS-Biological Resources Division and is under review. Recognizing
that this analysis is not yet final, and does not necessarily
apply to all Gulf of Maine salt marshes, preliminary findings suggest that twenty plots within each study area of up
to 50 ha would be adequate to detect subtle changes over
time. Moreover, after several years of data have accumulated from specific restoration and reference sites, the investigator will be able to determine the level of variability
at the site and then adjust to an appropriate number of replicates.
Vegetation should be sampled before restoration, 1 and
2 years following restoration, and every 3-5 years thereafter. There are several data analysis techniques that can be
applied to detect changes in the vegetation community over
time. Ordination techniques, such as Detrended Correspondence Analysis, or an analysis of similarity, are just two of
the techniques that can be used (see Kent and Coker 1992).
Species of Concern
There are two ways to monitor species of special concern, such as Phragmites or Lythrum. First, in the routine
vegetation community sampling described above, the height
of the 3 tallest plants species of concern should be measured in all quadrats in which it occurs. If species of concern are not adequately represented in the marsh community samples, then a minimum of 5 additional 1 m2 plots
should be permanently established within distinct stands.
Data on all core variables are then collected from these
plots as well during vegetation sampling.
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SKILL LEVEL
Vegetation sampling can be done by trained volunteers.
A professional should design the monitoring plan and assist
with training.

COST
Sampling equipment is inexpensive, including compasses, tape measures, PVC piping to construct quadrats,
some permanent marker stakes, and some meter sticks.
Total equipment cost is less than $500. More expensive is
the camera equipment and film developing cost for the
photostations. The most expensive aspect of the vegetation sampling may be the aerial photography analysis to
locate species of concern and marsh water bodies. If the
photography is not available, then the area may have to be
flown. Two to three days of professional involvement are
needed for designing the sampling regime and interpreting
data. Aerial photo interpretation would require additional
professional involvement.

ADDITIONAL VARIABLES
Additional measurements to determine vegetative response to restoration include aboveground biomass, stem
density, and proportion of stems that are flowering.

KEY REFERENCES
Elizinga, C.L., D. W. Salzer and J.W. Willoughby. 1998.
Measuring and monitoring plant populations. BLM Technical Reference 1730-1, BLM/RS/ST-98/005+1730. Bureau of Land Management, National Business Center,
BC-650B, PO Box 25047, Denver, CO. 477p.
Kent, M. and P. Coker. 1992. Vegetation description and
analysis: A practical approach. J. Wiley and Sons,
Chichester. 363 p.
Niering, W. S. and R. S. Warren. 1980. Vegetation patterns and processes in New England salt marshes.
BioScience 30:301-307.

Photo series to the right shows restoration of tide-gated salt
marsh on Mill Brook in Stratham, NH. Sequence from top to
bottom: abundance of purple loosestrife prior to restoration;
tide-gate replaced by culvert in October, 1993; saltwater
flooding of fresh marsh, spring,1994; colonization by salt
marsh plants, summer, 1994; low marsh and high marsh well
established by October, 1999.
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ECOSYSTEM INDICATOR: NEKTON
WORK GROUP PARTICIPANTS
Summary by: Michele Dionne-WNERR, Robert
Buchsbaum-MA Audubon, Sean Ballou-SWAMP, Inc.,
Alan Hanson-Waterfowl & Wetlands Ecology, Env. Can,
Eric Holt-MA Audubon, Mike Morrison-SWAMP,Inc.,
Judy Penderson-MIT Sea Grant College Program, Kenneth
Raposa-URI, Chris Rilling- CT DEP, Greg Shriver-SUNY
College Env. Sci., Jan Smith-MA Bays Program, Geoff
Wilson-Northeast Wetlands Restoration, Ray WhittemoreDucks Unlimited

RATIONALE
Fish are useful indicators of tidal marsh ecosystem functions. Their placement in the upper levels of the marsh
food web, the wide age and size range of species occuring
in marsh habitats, and the wide range of food and habitat
resources utilized, are all characteristics that serve to integrate salt marsh ecosystem elements, processes and productivity. Fish and other nekton (e.g. macrocrustaceans)
also serve as important ecological links with fisheries in
nearshore and potentially offshore waters in the Gulf of
Maine.

CORE VARIABLES
Y Identity: genus and species of each animal sampled
(number of fish and crustaceans by species)

Y Density: # of animals per area of sample, by species
Y Length: total animal length/width of individual fish
to the nearest 0.5 mm, by species

Y Biomass: wet weight of animals in sample, by species

Y Species Richness: # of nekton species represented

SAMPLING METHODS
Fish are highly mobile vertebrates that spend all or
much of their time in the water column. In general their
senses of sight, hearing, and touch are well developed.
These attributes make them a challenging group when it
comes to quantitative sampling, especially in vegetated salt
marsh habitats.

Mummichog -Fundulus heteroclitus

After discussing numerous fish sampling techniques,
the throw trap was selected for sampling in the open water
of creeks and channels and the fyke net for use on the vegetated marsh surface.

Throw Trap
The trap is a 1 m2 x 0.5 m high frame made of thin
aluminum bar (2.5 cm width flat stock) with 3 mm mesh
hardware cloth surrounding the four sides, open at the top
and bottom. A 0.5 m wide apron of flexible 3 mm bar
mesh netting can be attached around the top of the box,
with a float line fixed to the upper edge. This allows sampling in water up to 1 m deep. To deploy the trap, the
sampling station is approached slowly from the marsh surface, and the trap is tossed 3-4 m through the air into the
water. The bottom of the trap is immediately pushed into
the substrate to prevent animal escapement. All animals
are removed with a 1 m x 0.5 m dip net (1 mm mesh ) that
fits snugly into the trap, dipping from all four sides of the
trap. After three consecutive net passes devoid of nekton,
the trap is considered empty. Animals are placed in a bucket
of water for identification and measurement, and then released. Water depth is measured (to the nearest cm) to
determine the volume of water sampled. This sampling
method works best for smaller fish. Larger fish (> 15 cm)
are unlikely to be captured.

Fyke Net
This is a nylon mesh net consisting of a series of four
compartments held open by square frames or fykes, with
15 m wings attached to the first and largest (1.2 m X 1.2 m
frame) fyke opening. After the first compartment, each
compartment contains an internal net funnel connected to
the previous fyke frame, with the smaller end of the funnel
emptying into the middle of the compartment, 3 inches from
the bottom. This design channels fish into the net’s cod
end with little chance of escape. The wings and first three
compartments are made of 1.27 cm bar mesh, with the
final cod end made of 0.63 cm bar mesh. To measure fish
use of the marsh surface, the net is set at low tide at the
lower edge of the marsh with wings at 45o , fykes upright,
and cod end and wings anchored. The wing top line is
buoyed and set so that nekton can enter the marsh area by
the side. At high tide, the area of flooded marsh to be
fished by the net is staked to calculate the area fished.
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The catch is placed into buckets of water once the tide has
receded below the level of the first funnel. To measure
fish use of creeks, the net is set at slack high tide across the
creek mouth, to fish the outgoing tide, and the volume of
water sampled by the net is estimated from creek dimensions. This sampling method works equally well for both
small and large fish.
For both the throw trap and fyke net, decapod crustaceans will be captured as well as fish. When captured,
identity, density, size and biomass of crabs and shrimp
should be included in the results.

DATA COLLECTION
Species Identity and Richness
Each individual fish and crustacean collected is identified to genus and species. A list of species likely to occur in Gulf of Maine salt marsh estuaries is included in
Appendix E.

Density
In order to quantitatively compare fish use of different
marsh sites, fish abundance is adjusted to reflect the volume of water sampled with the throw trap, and the area of
vegetated marsh fished with the fyke net. Fish numbers
per sample are divided by the appropriate volume (m3) or
area (m2).

Length
Individual fish length is measured from the tip of the
snout to the tip of the caudal fin (total length), recorded to
the nearest 0.5 mm. When possible, 30 individuals of each
fish species should be measured, selected haphazardly from
the sample bucket with an aquarium net. For shrimp, length
is measured from the tip of the rostrum to the tip of the
telson. For crabs, maximum carapace width is measured.

Biomass
The relationship between length and biomass can vary
considerably depending on species identity and individual
condition. Biomass provides an estimate of standing stock,
and can be used to calculate fish condition (length/biomass), providing a more complete interpretation of fish size
data. Total wet weight of all individuals for each species
is recorded to the nearest gram with an electronic field balance. The number of individuals for each species is also
recorded.

SAMPLING DESIGN
The occurrence of smaller fishes at mid-tide in marsh
creeks is estimated with randomly placed throw trap

Fyke Net

samples, 10 samples each in restoration and reference sites,
on each of two dates in August during the spring tide cycle.
Larger fishes using the creeks are sampled with fyke nets
set across small creeks (up to 15 m wide) at slack high
tide on the same two dates in August, as well as on two
spring tide dates during the spring migrations of diadromous fish. Fish using the marsh surface are sampled with
fyke nets on one date in August during the spring tide cycle.
A pair of nets should be used so restoration and reference
marshes can be sampled at the same time. Until results
from long-term monitoring define the appropriate time
frame, we suggest a minimum of one year pre-restoration
data, and data from years 1,3 and 5 post-restoration.

SKILL LEVEL
Fish are relatively easy to identify and handle, and the
data described above can be collected by volunteers after
training. Throw traps can be used by a single person, but
fyke nets are bulky and best transported and deployed by a
team of two or three.

COST
Throw traps are inexpensive to construct (<$50) and
allow rapid collection of a large number of samples. Estimated personnel costs are less than $500 per year. Fyke
nets can be purchased for about $500 each. Since they are
passive sampling devices, most of the time associated with
their use is in the set up and take down of the nets. Other
sampling (such as throw trap sampling) can be conducted
while the fyke nets are fishing. Estimated cost for a team
of one technician/student and two volunteers to collect 8
channel samples and two marsh surface samples annually
is $600.
1

ADDITIONAL VARIABLES
Fish Growth

Further understanding of fish growth trajectories over
time can be obtained by calculating fish condition (length/
biomass) within size classes for selected species. This requires that fish be graded by size class (a surrogate for age
class) and each size class weighed separately.
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Fish Diet
An assessment of fish gut contents would indicate
whether diets of fish captured in restored marsh sites differed from that of fish in the reference marshes. Differences in diet would indicate differences in the availability
of food resources. Similarities in diet would suggest similarity in food resources between restoration and reference
marshes. However, if many reference and restoration sites
are close together, fish captured in one site may well have
obtained their food from the other site. The source of the
food eaten by the fish would need to be determined before
gut contents could be used to infer similarity between restoration and reference sites in regards food availability.

Larval Mosquitos
Although the distribution of most tidal marsh invertebrates is too patchy in time and space to obtain accurate
density estimates given the sampling effort envisioned for
these protocols, larval mosquitos can be used as indicators
of some aspects of tidal marsh hydrology. Information on
mosquito densities is particularly warranted for restoration
projects that include mosquito control as a primary goal.
Salt marsh mosquito species reproduce in shallow
standing water on the high marsh surface, with the larvae
of different species occurring in fresh, brackish and higher
salinity water. The larvae can only persist in pannes that
do not contain fish, due to the lack of spring tidal flooding,
or due to the loss of standing water through drainage and
evaporation. Salt marshes that have been invaded by cattail (Typha sp.) or Phragmites often harbor freshwater
mosquito species, while Aedes cantator is typical of brackish water and Aedes sollicitans is typical of higher salinities. Larval mosquitos are sampled with a white cup on a
long handle known as a “dipper” which is used to scoop up
water from the marsh surface. Sampling should occur
weekly from April through August along transects that intersect standing water on the marsh. The number of dips,
the number of positive dips, and the number and species of
mosquito larvae in each dip are recorded. The distribution
and abundance of mosquito species relative to the distribution and abundance of standing water can be mapped and
used to indicate patterns of tidal flooding on the marsh
surface.
1

We include here one variable based on sampling of salt
marsh mosquitos.

ADDITIONAL METHODS
To obtain a more complete picture of fish utilization of
restored and reference sites, lift nets can be used to sample
the marsh surface. These nets enclose a relatively large

area of marsh (6 m x 6 m), and are folded into a trench on
the marsh surface, beneath rigid vertical supports. At high
tide, ropes are used to raise the netting vertically on the
supports to trap fish. As the tide recedes, fish are captured in a cod-end set into a pit dug in the marsh surface.
Cost estimate for one lift net is $300. Once constructed,
they are relatively easy to use and maintain, so that personnel costs are low (1-2 person-hours per sample).

KEY REFERENCES
Dionne, M., F.T. Short and D.M. Burdick. 1999. Fish utilization of restored, created, and reference salt marsh
habitat in the Gulf of Maine. American Fisheries Society
Symposium 22:384-404.
Irlandi, E.A. and M.K. Crawford. 1997. Habitat linkages:
the effect of intertidal salt marshes and adjacent subtidal
habitats on abundance, movement, and growth of an estuarine fish. Oecologia 110:222-230.
Kneib, R.T. 1997. The role of tidal marshes in the ecology
of estuarine nekton. Oceanography and Marine Biology
35:163-220.
Minello, T.J. and J.W. Webb, Jr. 1997. Use of natural and
created Spartina alterniflora salt marshes by fishery
species and other aquatic fauna in Galveston Bay, Texas,
USA. Marine Ecology Progress Series 151:165-179.
Raposa, K.B. and C.A. Oviatt. 2000. The effects of contiguous shoreline type, distance from shore and vegetation biomass on nekton community structure in eelgrass
beds. Estuaries 23:46-55.
Rountree, R.A. and K.W. Able. 1993. Diel variation in
decapod crustacean and fish assemblages in New Jersey polyhaline marsh creeks. Estuarine, Coastal and Shelf
Science 37:181-201.
Rozas, L.P. and T.J. Minello. 1997. Estimating densities of
small fishes and decapod crustaceans in shallow estuarine habitats: a review of sampling design with focus on
gear selection. Estuaries 20:199-213.
Szedlmayer, S.T. and K.W.Able. 1996. Patterns of seasonal availability and habitat use by fishes and decapod
crustaceans in a southern New Jersey estuary. Estuaries 19:697-709.
Varnell, L.M. and K.J. Havens. 1995. A comparison of
dimensional-adjusted catch data methods for assessment
of fish and crab abundance in intertidal salt marshes.
Estuaries 18:319-325.
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ECOSYSTEM INDICATOR: BIRDS
WORK GROUP PARTICIPANTS
Summary by: Robert Buchsbaum-MA Audubon,
Sean Ballou-SWAMP, Inc., Michele Dionne-WNERR, Pascal Giasson-NB DNRE, Alan Hanson-Waterfowl & Wetlands Ecology, Env. Can, Eric Holt-MA Audubon, Mike
Morrison-SWAMP, Inc., Judith Penderson-MIT Sea Grant
College ProgramKenneth Raposa-URI-USGS, Chris
Rilling- CT DEP, Greg Shriver-SUNY College/Env. Sci.,
Jan Smith-MA Bays Program, Geoff Wilson-Northeast
Wetlands Restoration, Ray Whittemore-Ducks Unlimited

Robert Shetterly

RATIONALE
Birds are highly visible organisms that are popular with
the general public, therefore they are an obvious group to
include in a monitoring program. In cases where increasing the bird use of salt marsh habitat is a major rationale of
a restoration project, monitoring birds is essential for measuring success. In addition, there are a number of nonprofessional birders who are excellent at identifying birds and
are likely to be competent and enthusiastic volunteers.
On the other hand, a difficulty in monitoring birds on
restored marshes relates to the question of scale. Most birds,
particularly those charismatic species that are usually of
most interest (e.g. herons, shorebirds, waterfowl, raptors),
have home ranges much larger than the size of typical salt
marsh restoration projects in the Gulf of Maine. Thus it is
difficult to get a large enough number of observations of
individuals to draw conclusions about habitat use in a restored marsh compared with that of a suitable control. In
addition, wetlands birds in particular have specific habitat
preferences (such as a large percentage of open water or
pannes) that may or may not be present in a particular restoration site.
Abundance by species and number of
species (richness) provide information on
overall value of the habitat to birds in a
simple, direct way. Behavioral observations
provide an even better indicator of the value
of the habitat to birds, but the information is
more difficult and time-consuming to collect.
More detailed studies of individual species,
such as salt marsh sharp-tailed sparrows and
other small passerines, may be important depending on the particular goals of the restoration, but are beyond the scope of routine
monitoring of individual restoration sites.

CORE VARIABLES
Y Abundance: # of birds per ha, by species
Y Species richness: # of species
Y Feeding and breeding behavior: type of
feeding behaviors per 20 minute observation interval by species; type of breeding behaviors per
20 minute observation interval, by species

SAMPLING METHOD
Observations of birds will be made from vantage points
that provide an uninterrupted view of at least a portion of
the salt marsh. The exact location and number of vantage
points will be site specific. An observer will remain at
each vantage point for 20 minutes, recording the number
of birds of each species within view in the restored and
control marsh. Flying birds that are foraging over the marsh,
such as swallows, are to be included in the survey, but those
simply in transit are not. The data sheet will include space
to record behavioral observations, such as whether the birds
are feeding, involved in nesting, loafing,
roosting, etc. Sampling will be carried out
only in the morning. Information will be collected on stage of tide, time of day, and
weather during each observation period.
General information on the site will be collected, including dominant plant species and
estimated cover of each, number of pannes,
area of pannes, and area of unvegetated surface.
Pannes on the high marsh
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SAMPLING DESIGN
Conduct sampling two times during the breeding season (May and June), once per week during migration of
waterfowl (late March through the end of April and again
in October and November) and shorebirds (late July through
early September). Such sampling would also incorporate
waders. Sampling should encompass both high and low
tides. Sampling should begin at least one full season before the restoration is initiated.

SKILL LEVEL
Part of the attraction of monitoring birds is that there is
a cadre of skilled amateur birders who could participate in
a project as volunteers. This would hopefully enable the
relatively frequent sampling suggested above. A professional is likely to be needed for data analysis, particularly
when comparing marshes that differ in area.

COST
Two weeks of direct professional involvement is required to set up the sampling design, train volunteers, and
analyze results. Equipment costs are negligible, since the
assumption is that the volunteers would provide their own
optical equipment.

ADDITIONAL VARIABLES
Small passerines and other cryptic birds of the salt marsh
Small passerines, rails, and bitterns will likely be under-represented in observations taken from a high point
above the marsh. They can be measured by setting up
50-m radius counting circles in the salt marsh. An observer

Habitats, inhabitants, and food web
linkages in a
typical New
England estuarine
ecosystem. This
figure was originally designed to
illustrate a southern New England
salt marsh. In the
Gulf of Maine, the
blue crab is
replaced by the
non-native green
crab.

SUBTIDAL ZONE

INTERTIDAL ZONE

enters the circle and records all birds seen or heard within
a 20 minute time period. If possible, the observer will use
a tape recorder to broadcast songs of several species of
most interest.
Birds in the Buffer
Counting circles, as described above, can be set up in
the buffer habitat adjacent to the salt marsh. This will enable evaluation of the importance of the buffer zone to
birds of both the salt marsh and the upland.
Waterfowl in winter
The marsh will be sampled throughout the winter as
long as it is ice free. This will provide information about
the use of the restored marsh by wintering waterfowl.

KEY REFERENCES
Bibby, C.J., N.D. Burgess and D.A. Hill. 1992. Bird
census techniques. Academic Press, New York.
Hanowski, J.M. and G.J. Niemi. 1990. An approach for
quantifying habitat characteristics for rare wetland birds.
New York State Museum Bulletin 471:51-56.
Hutto, R.L., S.M. Pletshet and R. Hendricks. 1986. A
fixed-radius point count method for non-breeding and
breeding season use. Auk 103:593-602
Reinert, S.E. and M.J. Mello. 1995. Avian community
structure and habitat use in a southern New England
estuary. Wetlands 15:9-19.
Sibley, D. 1996. Field identification of the sharp-tailed sparrow complex. Birding 23:196-208.
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WORKSHOP SUMMARY:
TOOLS FOR REGION-WIDE SITE SELECTIONAND MONITORING
Our goal at the workshop was to develop standardized
and realistic methods for 1) identifying Gulf of Maine tidal
marshes suitable as reference or restoration sites, and 2)
assessing the response of Gulf of Maine salt marsh ecosystems to restoration efforts. The models and protocols presented in this report were the outcome of discussion fueled
by the combined experience of nearly fifty tidal marsh scientists and resource managers. This group worked diligently to achieve consensus regarding the specific parameters, core variables and methods that would form an acceptable minimum set of data and information with which
to achieve the workshop goals. The details of these protocols will undoubtedly be modified as they are put into practice and reviewed, in order to fine-tune their ability to quantify regional gains and losses in the functions and values of
tidal marshes. Although the workshop focused specifically
on the Gulf of Maine coastline, there is no obvious reason
to restrict the use of the inventory and monitoring protocols to this region.
The group charged with developing the template for
the restoration and reference site inventory (Inventory
workgroup) began with several local inventories and a long
list of candidate parameters. They worked their way through
the list to select 14 identifiers and descriptors to create the
minimum necessary information base. The template contains six parameters that identify the name, location and
ownership of the site; three that describe disturbances and
impacts to the system; four parameters that outline the size,
type, cost and nature of potential or actual marsh restoration; and a final entry to identify points of contact.
The remaining work groups (Hydrology and Soils, Vegetation and Mapping, and Animals) focused on identifying
those ecosystem indicators sufficient for monitoring the success of tidal marsh restoration projects. At the outset, we
agreed the general goal of restoration is to produce a selfsustaining ecosystem that closely resembles the natural system in structure, function and value. The Hydrology and
Soils group identified the elements of hydroperiod, consisting of tidal signal and marsh cross-sectional elevations,
as core hydrologic variables. For soils and sediments they
identified pore water salinity as the key indicator. The Vegetation group discussed the creation of baseline habitat maps
and vegetation monitoring. The baseline map they propose includes cover types, adjacent land use, impacts and

sampling locations. Core variables for vegetation monitoring are the % cover of plants by species, and plant height
and density for species of special concern. The Animal
group identified core variables for both birds and nekton.
For nekton (captured with traps), these variables are species densities and wet weights, species richness, and individual fish length. For birds (observed at a distance), the
core variables are abundance by species, species richness,
and feeding and breeding behavior.
The template for the restoration and reference site inventory can be used to develop a regional database from
existing maps and inventories. This database will be extremely useful as salt marsh restoration continues to become a more common element of Gulf of Maine coastal
resource management. The database will also serve to
identify information gaps on a regional scale. The design
of the restoration success monitoring program is based on
the comparison of indicator variables among restoration
and reference sites both before (when possible) and during/after restoration. Some marsh functions and values
may recover more quickly than others, and the rate of
change for any given variable may not be uniform. Once
the proposed monitoring protocols are implemented across
a representative range of marsh types and locations
throughout the Gulf of Maine, it will be possible to determine the appropriate frequency and duration of monitoring (i.e. number of years sampled, and interval between
samples). It may also be possible with sufficient data to
develop a range of reference values characterizing natural
tidal wetland systems across the region.

NEXT STEPS
The workshop products presented here provide the
foundation for developing a Gulf of Maine inventory of
salt marsh restoration opportunities and a monitoring network of restored and reference salt marshes. Implementation of regional inventory and monitoring programs is
expected to occur through partnerships between estuarine
professionals and volunteer members of community based
organizations. Broad participation by all individuals working in Gulf of Maine tidal marshes is invited.
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The standard inventory model will be used to populate
a regional database of potential tidal marsh restoration sites
throughout the Gulf of Maine. Federal, state, and provincial agencies charged with tidal marsh protection and restoration have agreed to use the regional inventory model
for describing and cataloging restoration opportunities within
their jurisdictions, and community organizations are also
urged to use this format for local projects. Site-specific
inventory data from all sources can then be submitted to a
regional database, which will be maintained by the U.S.
Fish and Wildlife Service Gulf of Maine Program. Regional inventory coordinator contact information is included
in Appendix D. The resulting comprehensive inventory of
restorable sites will provide a basis for prioritizing among
potential restoration sites and identifying those most appropriate for restoration projects. This inventory will offer
consistent baseline information for gauging overall restoration progress in the region.
Organizations are also urged to use the standard protocols presented here for monitoring tidal marsh restoration projects throughout the Gulf of Maine. Additional funding is being sought to apply the protocol to 30 pairs of
restored and reference marshes throughout the region. Professionals will guide data collection efforts, compile data
from the site network, and synthesize resulting information. On site data collection will involve members of community based organizations and be facilitated by volunteer
coordinators with access to state and provincial repositories of scientific equipment. Ultimately, comparisons of
standard monitoring variables between a large number of
restored and reference sites can be used to identify reliable indicators of restored marsh functions and to suggest
regionally applicable success criteria for restoration projects.
Such information will be valuable for evaluating the effectiveness of tidal marsh restoration in the Gulf of Maine to
date and for guiding future restoration efforts.
Inquiries regarding these salt marsh monitoring protocols can be directed to the contacts denoted with an “*” in
Appendix B.

Photo series to the right shows restoration of impounded salt
marsh on Webhannet River in Wells, Maine. Sequence from
top to bottom: Cows in drained marsh, 1950’s; colonization by
Spartina alterniflora (short form) and Salicornia europea in
1991, 3 years after partial restoration of tidal flow; close up
showing salt-killed plants and filamentous green algae in
1991; S. alterniflora short form covers much of the area in
1994; S. alterniflora increases in density and Spartina
patens becoming more abundant by 1999.

APPENDIX A: Workshop Agenda
WORKSHOP ON RESTORATION OF COASTAL WETLAND
ECOSYSTEMS IN THE GULF OF MAINE
June 2-3, 1999
Wells National Estuarine Research Reserve
Sponsored by the Global Programme of Action Coalition for the Gulf of Maine
AGENDA

Wednesday, June 2
8:30

COFFEE

9:00

WELCOME TO WORKSHOP
Hilary Neckles, USGS Patuxent Wildlife Research Center - Augusta, ME

9:05

WELCOME TO WELLS RESERVE
Kent Kirkpatrick, Director, Wells National Estuarine Research Reserve

9:15

INTRODUCTION TO GPAC
Katie Ries, Deputy Director, International Programs Office, National Ocean Service, NOAA

9:30

WORKSHOP PURPOSE: BACKGROUND, GOALS, AND OBJECTIVES
Michele Dionne, Research Director, Wells National Estuarine Research Reserve

10:15 BREAK
10:30 WORKGROUP BREAKOUT SESSIONS
1.
2.
3.
4.

Inventory Development
Monitoring protocol development: Plants
Monitoring protocol development: Animals
Monitoring protocol development: Physical components

12:00 LUNCH
1:00 WORKGROUP BREAKOUT SESSIONS (CONTINUED)
3:00 BREAK
3:30 WORKGROUP REPORTS AND PLENARY DISCUSSION
5:30 SOCIAL HOUR AND FIELD TOUR
7:00 BANQUET
WELCOME: Kathryn S.B. Davis, President, Laudholm Trust
INTRODUCTION: Kent Kirkpatrick, Director, Wells National Estuarine Research Reserve
GUEST SPEAKER: Jeffrey R. Benoit, Director, Office of Ocean and Coastal Resource Mgmt., NOAA

Thursday, June 3
8:00 COFFEE
8:30 PLENARY SESSION: REVIEW AND FOCUS
Kim Hughes, NB Department of the Environment, New Brunswick, Canada
9:00 WORKGROUP BREAKOUT SESSIONS (CONTINUED)
11:00 PLENARY SESSION: SYNTHESIS
Michele Dionne, Research Director, Wells National Estuarine Research Reserve
12:00 WORKSHOP ENDS
1:30 NOAA – MEETING FOR THE REGIONAL HABITAT RESTORATION PROGRAM
John Catena, National Marine fisheries Service, Gloucester, MA

APPENDIX B: Participants and Steering Committee Contact Information
Sarah Allen
Normandeau Assoc.
25 Nashua Road
Bedford, NH 03110
Sean Ballou
SWAMP, Inc
2 Winterbrook Ave.
York, ME 03909
(207)363-9240
Arnold Banner
US Fish &Wildlife Service
4R Fundy Road
Falmouth, ME 04105
(207)781-8364
arnold_banner@fws.gov
Jeffrey R. Benoit
Office of Ocean & Coastal
Resource Mgmt., NOAA
1305 EW, Hwy, SSMC #4,
Rm 10414
Silver Spring, MD 20910
(301)713-3155x200
jeff.benoit@noaa.gov
*Robert Buchsbaum
Massachusetts Audubon
346 Grapevine Road
Wenham, MA 01984
(978)927-1122
rbuchsbaum@massaudubon.org
*David Burdick
Jackson Estuarine Laboratory
85 Adams Point Road
Durham, NH 03824
(603)862-2175
dburdick@christa.unh.edu
Bruce Carlisle
MA Coastal Zone Mgmt
100 Cambridge Street
Boston, MA 02202
(617)727-9530
bruce.carlisle@state.ma.us

John Catena
National Marine Fisheries
Service
One Blackburn Drive
Gloucester, MA 01930
(978)281-9251
john.catena@noaa.gov

Stewart Fefer
US Fish &Wildlife Service
Gulf of Maine Program
4R Fundy Road
Falmouth, ME 04105
(207)781-8364
stewart_fefer@fws.gov

*Kim Hughes
NB Dept of the Environment
PO Box 6000
Fredericton, NB E3B 5H1
Canada
(506)453-4409
kim.hughes@gov.nb.ca

Lou Chiarella
National Marine Fisheries
Service
1 Blackburn Drive
Gloucester, MA 01930-2298
(978)281-9277
lou.chiarella@noaa.gov

Christy Foote-Smith
Mass. Wetlands Restoration &
Banking Program
100 Cambridge Street
20th Floor
Boston, MA 02202
(617)292-5991
christy.foote-smith@state.ma.us

Eric Hutchins
National Marine Fisheries
Service
1 Blackburn Drive
Gloucester, MA 01930
(978)281-9313
eric.hutchins@noaa.gov

Richard Cook
Audubon Society of New
Hampshire
3 Silk Farm Road, PO Box
528-B
Concord, NH 03302-0516
(603)224-9909
r_cook@conknet.com
Carolyn Currin
NOAA’s Beaufort Laboratory
101 Pivers Island Road
Beaufort, NC 28516-9722
(252)728-8749
carolyn.currin@noaa.gov
Kathryn Davis
Laudholm Trust
PO Box 1007
Wells, ME 04090
(207)646-4521
kdavis@cybertours.com
Ted Diers
NH Coastal Program
2 1/2 Beacon Street
Concord, NH 03301
(603)271-2155
t_diers@osp.state.nh.us
*Michele Dionne
Wells NERR
342 Laudholm Farm Road
Wells, ME 04090
(207)646-1555x136
michele.dionne@maine.edu

Pascal Giasson
Mgr. Wetlands & Coastal
Habitat, NB DNRE
PO Box 6000
Fredericton, NB E3B 5H1
Canada
(506)453-7107
pagiasson@gov.nb.ca
Jennifer Graham
Ecology Action Centre
1568 Argyle Street, Suite 31
Halifax, NS B3J 2B3 Canada
(902)422-8771
grahamja@is2.dal.ca
Al Hanson
Waterfowl & Wetlands Ecology,
Env. CN/CWS
PO Box 6227
Sackville, NB E4L 1G6 Canada
(506)364-5061
al.hanson@ec.gc.ca
Eric Holt
Mass Audubon Society
19 Marlboro Street
Newburyport, MA 01950
(978)465-4085
nfiske@massed.net

Chuck Katuska
Wetlands Restoration &
Banking Program
One Winter Street
Boston, MA 02108
(617)292-5824
chuckkatuska@state.ma.us
David Kennedy
Office Of Response and
Restoration, NOS,NOAA
1305 EW Hwy., #10409
Silver Spring, MD 20910
(301)713-2989x101
david.kennedy@noaa.gov
Kent Kirkpatrick
Wells NERR
342 Laudholm Farm Road
Wells, ME 04090
(207)646-1555 x124
kent@cybertours.com
Randy Milton
NS Dept. of NR;Wetlands&
Coastal Habitats Prog.
136 Exhibition St.
Kentville,NS B4N 4E5
Canada
(902)679-6224
miltongr@gov.ns.ca
Pam Morgan
University of New England
85 Adams Point Road
Durham, NH 03824
(207)283-0170x2227
pmorgan@mailbox.une.edu

Mike Morrison
SWAMP, Inc.
2Winterbrook Ave.
York, ME 03909
(207)363-9240
*Hilary Neckles
USGS Biological Res. Div.
26 Ganneston Drive
Augusta, ME 04330
(207)622-8205x119
hilary_neckles@usgs.gov
Rich Orson
7D Harbour Village
PO Box 921
Branford, CT 06405
(203)483-9234
Judith Pederson
MIT Sea Grant College
Program
292 Main Street, E38-330
Cambridge, MA 02139
(617)252-1741
jpederson@mit.edu
Tim Purinton
Northeast Wetlands
Restoration
P.O. Box 702
Rowley, MA 01969
Vic Pyle
Save The Sound, Inc.
185 Magee Avenue
Stamford, CT 06902-5906
(203)327-9786
savethesound@snet.net
Aviva Rahmani
Ghost Nets
Oatmeal Quarry,
PO Box 692
Vinalhaven, ME 04863
(207)863-0925
ghostnet@foxisland.net
Kenny Raposa
USGS Biological Resources
Div. (Univ. of RI)
Naragansett Campus, South
Ferry Road
Naragansett, RI 02882
(401)874-6617
kenny@gsosun1.gso.uri.edu

Bob Rutherford
Dept Fisheries & Oceans
P.O. Box 550
Halifax, NS B3J 2S7
Canada
(902)426-8398
rutherfordb@mar.dfompo.gcca

Ed Reiner
US, EPA Region I
JFK Federal Building
Boston, MA 02203
(617)918-1692
reiner.ed@epa.gov
Frank Richardson
NH Div Environ Services
P.O. Box 95
Concord, NH 03302
(603)271-4065
f_richardson@des.state.nh.us

Peter Shelley
Conservation Law
Foundation
120 Tillson Avenue
Rockland, ME 04841-3416
(207)594-8107
pshelley@clf.org

Katie Ries
NOS, NOAA
1305 EW Hwy
SSMC4 Rm #13332
Silver Spring, MD 20910
(301)713-3078x171
kathryn.ries@noaa.gov

Greg Shriver
SUNY College of Enviro.
Sci. and Forestry
1 Forestry Dr.
Syracuse, NY 13210

G. Chris Rilling
CT DEP
79 Elm Street
Hartford, CT 06106-5127
(860)424-3034x2770
chris.rilling@po.state.ct.us

Alison Sirois
University of ME, Coop
Extension
PO Box 309
Waldoboro, ME 04572

Henry Rines
Applied Science Assoc.Inc.
70 Dean Knauss Drive
Naragansett, RI 02882
(401)789-6224
hrines@appsci.com

Jan Smith
Mass Bays Program
100 Cambridge St. 20th
Floor
Boston, MA 02202
jan.smith@state.ma.us

Lorrie Roberts
NB Dept of NR & Energy
Wetlands and Coastal Habitat
Program
PO Box 6000
Fredericton, NB E3B 1T9
Canada
(506)453-2440
laroberts@gov.nb.ca

Lee Swanson
NB DNR, Wetland & Coastal
Habitat Prog.
PO Box 6000
Fredericton, NB E3B 5H1
Canada
(506)453-7108
laswanson@gov.nb.ca
Jan Taylor
USF&WS
336 Nimble Hill Road
Newington, NH 03801
(603)431-5581
jan_taylor@fws.gov

Charles Roman
USGS Biological
Resources Div.
University of Rhode Island
Narragansett Bay Campus
Naragansett, RI 02882
(401)874-6885
croman@gsosun1.gso.uri.edu

David Thompson
Conservation Council of NB
Box 568, RR#2
Lepreau,NB E0G 2H0
Canada
(506)659-2363

B2

Larry Ward
University of New Hampshire
85 Adams Point Road
Durham, NH 03824
(603)862-2175
lgward@cisunix.unh.edu
Alison Ward
DEP, Bureau of Land &
Water Quality
17 State House Station
Augusta, ME 04333
Geoffrey Wilson
Northeast Wetland
Restoration
P.O. Box 702
Rowley, MA 01969
gmwilson@ttlc.net
Lois Winter
US Fish &Wildlife Svc.
Gulf of Maine Program
4R Fundy Road
Falmouth, ME 04105
(207)781-8364
lois_winter@fws.gov
Ray Whittemore
Ducks Unlimited
122 Joe English Road
New Boston, NH 03070
rwhittemore@ducks.org
Contacts shown in blue
represented their respective
organizations as members of
steering committee for this
workshop.
* Denotes contacts to whom
you may forward inquiries
regarding monitoring
protocol.
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APPENDIX D: Regional Inventory Coordinators
The following individuals will coordinate the regional inventory of potential tidal marsh restoration opportunities in specific Gulf
of Maine jurisdictions. Please contact a local coordinator to contribute tidal marsh inventory data or for more information. Inventory
coordinators will compile data within their jurisdictions and submit to the regional database.
Lee Swanson
506-453-7108
New Brunswick Dept. of Natural
Resources & Environment
Wetlands and Coastal Habitat
P.O. Box 6000
Fredericton, NB E3B 5H1
laswanson@gov.nb.ca
Alan Hanson
506-364-5061
Waterfowl and Wetland Ecology
Environment Canada/CWS
P.O. Box 6227
Sackville, NB E4L 1G6 Canada
al.hanson@ec.gc.ca
Randy Milton
902-679-6224
Nova Scotia Dept. of Natural Resources
Wetlands and Coastal Habitats Prog.
136 Exhibition Street
Kentville, NS B4N 4E5 Canada
miltongr@gov.ns.ca

Lois Winter
207-781-8364
USFWS-Gulf of Maine Program
4R Fundy Rd.
Falmouth, ME 04105
lois_winter@fws.gov

Alan Amman
603-868-7581
USDA-NRCS
2 Madbury Rd
Durham, NH 02384
aammann@nh.usda.gov

Kathleen Leyden
207-287-3261
Maine Coastal Program
Maine State Planning Office
38 State House Station
Augusta, ME 04333
kathleen.leyden@state.me.us

Christy Foote-Smith 617-292-5991
Mass. Wetlands Restoration
and Banking Program
100Cambridge St.,20th Floor
Boston, MA 02202
christy.foote-smith@state.ma.us

Ted Diers
603-271-2155
New Hampshire Coastal Program
2 ½ Beacon Street
Concord, NH 03301
t_diers@osp.state.nh.us

Eric Hutchins
978-281-9313
National Marine Fisheries Service
One Blackburn Drive
Gloucester, MA 01930
eric.hutchins@noaa.gov

APPENDIX D: Regional Tidal Marsh Inventory Data Sheet
Date: ___/___/___

Site ID: __ __ __ __ __
(leave blank)

(fill in)

Regional Tidal Marsh Inventory
Data Sheet

Cut along dotted line to remove Tidal Marsh Inventory Data Sheet for copies, completion and submission.

Please fill out the form as completely as possible. Your responses will help populate a searchable database,
located at http://gulfofmaine.fws.gov, of potential and existing tidal marsh restoration projects in the Gulf of
Maine watershed. Lines for additional notes are optional but will help clarify your responses, especially when
“other” is chosen. If your project can be broken down into phases, please submit one form per phase. Thank
you for your participation.
PROJECT NAME (subjective; fill in one letter/punctuation per box including blank boxes for space; e.g. Conomo Point-Phase1)

CITY OR TOWN (e.g. Manchester-By-The-Sea)

AREA IMPROVED:
m2 (practicable area of
enhancement/restoration not just the area worked on e.g. a dam
removal area would be large, but the area restored could be
small)

STATE OR PROVINCE (circle one):
MA
ME NH
NB
NS

WATER BODY (closest waterbody identified from a 1:24,000, 7.5 minute quadrangle map produced by the US geological
Survey or a 1:50,000 map produced by Energy, Mines, and Resources, Canada; e.g. Saratoga Creek)
COORDINATES (of a point near the center of the restoration site; e.g. 40oΕ 18' 30" N, 70oΕ 34' 45" W)
LATITUDE

___ degrees

______minutes ______ seconds _____

LONGITUDE

____ degrees

______minutes ______ seconds _____

and list owner acronym or
abbreviation if known

private
non-profit organization _____________________
public ________________________________

ESTIMATED COST (circle one)

<$10K

OWNER(S) check all that apply

IS THE PROJECT FUNDED? (circle one) YES

$10K-100K
NO

PARTIALLY
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>$100K

HISTORIC CONDITION (pre-impact National Wetlands Inventory Classification (US) or Canadian Wetlands Atlas Classification (Can) or specific species (scientific); e.g. E2EM/S. patens)

note:
NATURE OF ALTERATION
N (check all that apply)

tidal restriction

 bulkhead

stormwater

ditch

fill

salt hay

other
note:
IMPACTS
S (consequence of alteration, check all that apply)

drained marsh

 impounded

flooded

 invasive vegetation

other
note:
RESTORATION ACTION (check all that apply)
stormwater treatment culvert enlargement

ditch plugging

 fill removal

other
note:
ACTIONS (check all that have been completed including the current status)

none

pre-monitoring

 permitted

 implementation

 post-monitoring

other
note:
FURTHER INFORMATION
N (up to 2 contacts)
Name:
Organization:
Address:
City:
State/Province:
Zip Code:
Phone:
E-mail:

Name:
Organization:
Address:
City:
State/Province:
Zip Code:
Phone:
E-mail:

RETURN TO: (Regional Inventory Coordinator contact information goes here)
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APPENDIX E: Gulf of Maine Marsh-Estuarine Fish Species
Fish Species Known to Occur in Salt Marsh Estuarine Ecosystems in the Gulf of Maine
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Alosa aestivalis (blueback herring)
Alosa mediocris (hickory shad)
Alosa pseudoharengus (alewife)
Alosa sapidissima (American shad)
Brevoortia tyrannus (Atlantic menhaden)
Clupea harengus (Atlantic herring)
Ammodytes americanus (American sand lance)
Anguilla rostrata (American eel)
Apeltes quadracus (fourspine stickleback)
Gasterosteus aculeatus (threespine stickleback)
Gasterosteus wheatlandi (blackspotted stickleback)
Pungitius pungitius (ninespine stickleback)
Cyclopterus lumpus (lumpfish)
Liparis atlanticus (seasnail)
Decapterus macarellus (mackerel scad)
Fundulus heteroclitus (mummichog)
Fundulus majalis (striped killifish)
Gadus morhua (Atlantic cod)
Microgadus tomcod (Atlantic tomcod)
Pollachius virens (pollock)
Urophycis chuss (red hake)
Urophycis tenuis (white hake)
Pholis gunnellus (rock gunnel)
Menidia beryllina (inland silverside)
Menidia menidia (Atlantic silverside)
Menidia peninsulae (tidewater silverside)
Morone americana (white perch)
Morone saxatilis (striped bass)
Mugil cephalus (striped mullet)

Y Hemitriperus americanus (sea raven)
Y Myoxocephalus aeneus (grubby)
Y Myoxocephalus oxtodecimspinosus (longhorn
sculpin)
Y Myoxocephalus scorpius (shorthorn sculpin)
Y Cryptacanthodes maculatus (wrymouth)
Y Osmerus mordax (rainbow smelt)
Y Peprilus tricanthus (butterfish)
Y Petromyzon marinus (sea lamprey)
Y Pleuronectes ferrugineus (yellowtail flounder)
Y Pseudopleuronectes americanus (winter flounder)
Y Scopthalmus aquosus (windowpane flounder)
Y Pomatomus saltatrix (bluefish)
Y Salmo salar (Atlantic salmon)
Y Salmo trutta (brown trout)
Y Salvelinus fontinalis (brook trout)
Y Scomber scombrus (Atlantic mackerel)
Y Sphyraena borealis (northern sennet)
Y Syngnathus fuscus (northern pipefish)
Y Tautogolabrus adspersus (cunner)
KEY REFERENCES
Bigelow, H.B. and W.C. Schroeder. 1953. Fishes of the Gulf
of Maine. Fishery Bulletin 74,Vol.53:577p.
Dionne, M., F.T. Short, and D.M. Burdick. 1999. Fish utilization of restored, created, and reference salt marsh
habitat in the Gulf of Maine. American Fisheries Society Symposium 22:384-404.
Robins, C.R., G.C. Ray, and J. Douglas. 1986. A field guide
to Atlantic coast fishes of North America. Houghton
Mifflin Co., Boston. 354p.
Scott, W.B., and M.G. Scott. 1988. Atlantic fishes of
Canada. Can.Bull.Fish.Aquat. Sci.219:731p.

New Brunswick
Maine
Nova Scotia
Maine

Marshall Point (2)**
Drakes Island
Ogunquit River*
Brave Boat Harbor*
Chauncy Creek*
Cutts Island*

Weskeag River*
Sprague River*
Back River Creek
Pine Point
Granite Point*

New Hampshire

NH

Landing Road(2)
Drakeside Road
Meadow Pond
Cains Brook
Brown’s River
Seabrook Sta.

Fairhill Marsh*
Awcomin Marsh
Locke Road
Harbor Road (2)
Parsons Creek (2)
Little River

New Brunswick and
Nova Scotia
Newfoundland Creek (NB)
Annapolis Royal (NS)

Sandy Point
Millbrook
Woodman Point*
Winnicut River*
Stubbs Pond*
Vol’s Island*

Potential Restoration Sites:
Musquash Estuary
Lower Cape
Dover
New Horton
Kennetcook River
McCann
Petitcodaic River
Memramcook River

Massachussetts

MA

Salisbury*
Newburyport (3)
Newbury (6)****
Rowley (4)***
Ipswich (6)*****
Essex
Gloucester*
Rockport
Manchester*

Salem
Marblehead*
Saugus (3)*
Revere (8)
Chelsea (2)
Winthrop (2)
Boston (5)
Milton
Quincy

Scituate
Marshfield (3)
Kingston
Bourne
Sandwich
Welfleet
Provincetown

Map courtesy of R.Signell and E. Roworth
U.S. Geological Survey

Tidal Marsh Restoration and Enhancement
in the Gulf of Maine
Restoration projects in salt marsh ecosystems in the Gulf of Maine. The majority of projects are characterized by tidal flow restoration in tidally restricted marshes. Numbers within parentheses indicate multiple
projects at a given site. Asterisks indicate the number of projects characterized by panne construction or
ditching plugging (to create or replace open water habitat on the high marsh), or perimeter ditches (occasionally used to control invasive plants). For example, in Ipswich, MA, of the 6 projects, 5 were panne/ditch
projects, and 1 was a tidal restoration.

AppendixC–ChannelGeomorphologySOPs
StreamBarrierRemovalMonitoringGuide(Collinsetal2007)availableat:
http://www.habitat.noaa.gov/pdf/StreamͲBarrierͲRemovalͲMonitoringͲGuideͲ12Ͳ19Ͳ07.pdf
TheReferenceReachSpreadsheet(Mecklenburg2006)isavailableat:
http://www.agri.ohio.gov/divs/SWC/docs/Reference_Reach_Survey_4_3_L.xlsm
Stadiarodspecifications:CrainSVRͲ25ͲTenths,Model#98010
x
x
x

25feetlong,fullyextended
Measurementstothehundredthofafoot
Sixextendablesections

Automaticlevelspecifications:TopconATͲB3AutomaticLevel
x
x
x
x
x
x

28xmagnification
Accuracy1km
Doublelevelrun:+/Ͳ1.5mm
Coarsesighting:Peepsight
Weight:3.75lbs.
OtherSpecifications:http://www.forestryͲsuppliers.com/Documents/1206_msds.pdf

Tapereelspecifications:KesonEnglish/MetricOpenReelFiberglassTape
x

Graduatedbothsidesmeter/cm/2mm;feet/tenths/hundredthsotherside
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1
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The Gulf of Maine Council’s mission:
“To maintain and enhance environmental quality in the Gulf of Maine and to
allow for sustainable resource use by existing and future generations.”

December 2007
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Low-head dam spillway on a stream in the Gulf of Maine watershed.

I. ABSTRACT
Across the Gulf of Maine watershed, agencies, nongovernmental organizations, and private parties are removing dams and replacing culverts to restore stream
processes and fish passage. Significant resources are
invested in these stream barrier removal projects, but
monitoring the outcomes of the projects usually has
not been a priority. The lack of standardized monitoring information for stream barrier removal projects
in the Gulf of Maine watershed mirrors a lack of river
restoration monitoring nationwide and limits both
the ability to document project success and learn
from past experiences. The Gulf of Maine Council on
the Marine Environment (GOMC) River Restoration
Monitoring Steering Committee (Steering Committee)
is addressing the need for consistent stream barrier
removal monitoring. It has developed a framework of
monitoring parameters that can be used for stream
barrier removal projects throughout the Gulf of Maine
watershed. The watershed covers approximately 70,000
square miles encompassing all of the state of Maine
and portions of New Hampshire, Massachusetts, Nova
Scotia, New Brunswick, and Quebec.
In June 2006, the Steering Committee convened a
Stream Barrier Removal Monitoring Workshop to gather input on stream barrier removal monitoring from
www.gulfofmaine.org /streambarrierremoval

more than 70 natural resource scientists, resource managers, and watershed restoration practitioners. Structured breakout and plenary sessions generated priority lists of monitoring parameters specific to stream
barrier removal in the Gulf of Maine watershed. From
the prioritized lists, the Steering Committee selected
eight parameters that, when analyzed collectively, are
expected to provide valuable data that will characterize adequately the physical, chemical, and biological
response of a given stream to a barrier removal project.
These eight parameters, referred to in this document
as critical monitoring parameters, include monumented cross-sections; longitudinal stream profile; stream
bed sediment grain size distribution; photo stations;
water quality; riparian plant community structure;
macroinvertebrates; and fish passage assessment.
This Stream Barrier Removal Monitoring Guide (Monitoring Guide) presents detailed methods for each of
the critical monitoring parameters except for macroinvertebrate and fish passage assessment. Because of the
considerable variability associated with assessing these
biological parameters, only general guidance is given
here. The Monitoring Guide also presents important
additional monitoring parameters that practitioners
may choose to use on a case-by-case basis.
Stream Barrier Removal Monitoring Guide | 2007
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II. INTRODUCTION
A. CONTEXT

Common goals for these stream barrier removal projects include
• reconnecting artificially fragmented stream and
riparian systems;
• restoring instream habitat for migratory and
resident fishes;
• restoring natural flow regimes and stream
processes; and
• improving water quality.

Dams in the Gulf of Maine
The Gulf of Maine watershed is an approximately
69,000-square-mile (179,000-square-kilometer) region
encompassing all of the state of Maine and portions
of New Hampshire, Massachusetts, Nova Scotia, New
Brunswick, and Quebec. On the U.S. side, there are
4,867 inventoried dams: 2,506 in New Hampshire, 782
in Maine, and 1,579 in Massachusetts (Gulf of Maine
Council, 2004). Because inventory methods and reporting standards differ from state to state, the completeness of the inventories varies widely. For instance,
New Hampshire has a robust inventory method that
registers any dam greater than 4 feet (1.2 meters) tall or
that impounds more than 2 acre-feet of water. In contrast, Maine relies on a voluntary registry that closed
in 1993; undoubtedly, Maine has many more dams that
have not been registered (Gulf of Maine Council, 2004).
Regardless of the exact figures, habitat fragmentation
caused by dams in the Gulf of Maine watershed significantly affects diadromous fish passage.
Most dams in the northeastern United States are runof-river structures less than 20 feet (6 meters) in height.
These low-head dams have relatively small, shallow
impoundments. Sediments can accumulate behind
the dam, with some impoundments on high-bedload
streams filling in rapidly. Small, narrow impoundments located on high-gradient reaches often retain
limited sediments because fines, sand, and even gravel
can be scoured from the impoundment by storm flows.

Understanding the effectiveness of barrier removal
with respect to these goals requires systematic project
monitoring and data reporting. To our knowledge, a
systematic approach to stream barrier removal monitoring has not been developed in the United States.
Consequently, systematic monitoring
data are not available and thus our understanding of barrier removal project
effectiveness is limited. The Gulf of
Maine Council on the Marine Environment (GOMC) River Restoration Monitoring Steering Committee (Steering
Committee) developed this Stream Barrier Removal Monitoring Guide (Monitoring Guide) to improve the ability to
• evaluate the performance of
individual restoration projects;
• assess the long-term ecological
response of regional restoration
efforts;
• advance our understanding of
restoration ecology and improve
restoration techniques;
• better anticipate the effects of future
stream barrier removal projects; and
• communicate project results to
stakeholders and the public.
Removing a dam using an excavator with a hydraulic hammer attachment.
www.gulfofmaine.org /streambarrierremoval
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Aging dams and improperly sized culverts are significant natural resource management issues in the Gulf
of Maine watershed. Dams and culverts may create
impassable barriers for migrating fish, degrade water
quality, and negatively alter ecosystem conditions.
Many of the thousands of stream barriers in the Gulf
of Maine watershed are nearing the end of their design
life, and some are being considered for removal or
replacement. The socioeconomic costs and ecological
impacts posed by aging dams and undersized and impassable culverts have led private entities, natural resource professionals, non-profit organizations, and municipalities to seek dam removal and culvert upgrades
as viable options for stream restoration.
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Inventoried dams in the U.S.
portion of the Gulf of Maine
watershed.

tall (ICF, 2005). Ecology, economics, and public safety
were the most frequently stated reasons for removal
(ICF, 2005). On the U.S. side of the Gulf of Maine,
approximately 20 dams have been removed since 1995,
and another 20 dams are currently being evaluated for
removal.
Over the last decade, there has been a resounding call
for increased stream monitoring to evaluate the
effectiveness of dam removals (Babbitt, 2002; Aspen Institute, 2002; Graf, 2003). Hart et al. (2002) reported that
fewer than 5% of dam removals in the United States in
the twentieth century were accompanied by published
ecological studies. Defining goals at the outset of a
barrier removal project is essential to understand the
effects of barrier removal projects and to communicate
information to stakeholders.

Culverts in the Gulf of Maine

Large, high-head dams associated with storage impoundments are typically constructed for flood control,
hydroelectric power, water supply, and/or recreational
needs. These larger dams generally are associated with
larger rivers, and they may create extensive, deepwater
impoundments (Petts, 1984). Large dams are a relatively small proportion of all dams in the Gulf of Maine
watershed. For example, only 5% of dams in New
Hampshire are used for hydropower (Lindloff, 2002).
Controlled, yet variable, flow releases are characteristic of high-head hydropower or flood-control dams.
Stream discharges downstream of certain hydroelectric
dams can fluctuate substantially over hours on a daily
basis. During certain hours of the day, these facilities
minimize releases from the dam to increase head,
which is released rapidly to drive turbines to meet peak
power demands. At flood-control dams, substantial impoundment drawdowns may be planned to offset snowmelt runoff or large storm events, and larger releases
may occur during certain seasonal periods.

Dam Removal
Approximately 600 dams have been removed throughout the United States over the past several decades, the
majority of which were less than 20 feet (6.1 meters)
4
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When culverts are perched or undersized, they may
impede fish passage. Perched culverts have outlets
elevated high above the natural streambed, making it
impossible for fish to swim through (Flosi et al., 2003).
Undersized culverts restrict the width of the channel,
which may cause the water to flow too fast for fish
attempting to move upstream through the culvert,
particularly during storm flows. These situations are
referred to as velocity barriers. Undersized culverts also
may cause water to impound on the upstream side during floods.
Effective stream crossings span the width of the
stream, have natural streambeds, and do not affect
water velocities. Bridges, open-bottomed culverts, and
appropriately designed and installed culverts recessed
into the streambed are the best available options for
stream crossing replacements (Singler and Graber,
2005).
Resource managers in the Gulf of Maine watershed
have only recently begun to strategically assess culverts from an ecological improvement perspective.
Replacing undersized or perched culverts has proven
to be an effective means to increase available habitat
to migratory and resident native fishes, and to improve
water quality. With proper assessment, engineering design, and installation, replacing stream crossings that
have negative ecological impacts can have multiple
benefits, including improving public safety by reducing flood risk.
www.gulfofmaine.org /streambarrierremoval
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The white area on this map indicates land that drains into the Gulf of Maine.

B. WORKSHOP PROCESS
On June 20 and 21, 2006, the Steering Committee convened a workshop to discuss stream monitoring with
respect to barrier removal projects in the Gulf of Maine
watershed. The Steering Committee sought broad representation from state, provincial, and federal resource
management agencies, academia, non-governmental
organizations, and the private sector. More than 70 attendees with expertise in physical and/or biological
stream and floodplain processes were organized into
teams on the following topics for structured breakout
sessions:
• Hydrology, hydraulics, and sediment
• Wetland and riparian habitat
• Instream habitat
• Fish passage and habitat utilization
The workshop was designed to produce a list of key
www.gulfofmaine.org /streambarrierremoval

monitoring parameters and reporting standards from
which the Steering Committee subsequently could
choose a set to recommend for this Monitoring Guide.
The parameters sought for this list ideally would provide fundamental data useful for a broad range of
analyses and be relatively inexpensive and straightforward to collect. Cross-cutting parameters, those recommended by more than one topic team, were sought
specifically for their value in developing minimum
monitoring recommendations.
The following structure and process guided the topic
teams to produce the list of parameters:
• Breakout Session I: Topic teams reviewed four
barrier removal scenarios designed to capture the
range of physical, biological, and management
conditions found at Gulf of Maine barrier removal
Stream Barrier Removal Monitoring Guide | 2007
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Table 1.
Critical monitoring parameters identiﬁed as priorities
by topic teams at the June
2006 workshop. An asterisk
indicates that the parameter
is to be monitored at monumented cross-sections.

Topic Teams

Critical Monitoring Parameters
Monumented Cross-sections
Longitudinal Proﬁles*
Grain Size Distribution*
Photo Stations*
Water Quality*

Hydrology
Hydraulics
Sediment

P
P
P
P

Instream
Habitat

P
P
P
P
P

Riparian Plant Community
Structure*
Macroinvertebrates

An earlier effort to develop regional monitoring protocols for salt marsh habitat in the Gulf of Maine served
as a model for convening this workshop on monitoring
protocols for river barrier removals. Information about
the Gulf of Maine Salt Marsh Monitoring Protocol is
available at www.gulfofmaine.org/habitatmonitoring
and in Taylor (2008).

C. SELECTION CRITERIA
By analyzing the lists of prioritized monitoring parameters produced by the workshop’s topic teams, the
Steering Committee developed the critical monitoring
parameters described in this Monitoring Guide.
The critical monitoring parameters are common monitoring parameters that, when analyzed collectively, are
expected to provide valuable data to characterize ade6

Stream Barrier Removal Monitoring Guide | 2007

Fish
Passage

P

P
P
P

P
P

Fish Passage

sites (Appendix C). After review and discussion
in small groups, each topic team developed a
prioritized list of monitoring parameters to report
back to the entire workshop.
• Plenary Session: Each topic team presented its
prioritized parameter lists to the workshop. A
facilitated group discussion identified cross-cutting
parameters.
• Breakout Session II: Topic teams reconvened to
identify important data elements and reporting
standards for their prioritized lists of monitoring
parameters.

Wetland
Riparian
Habitat

quately the physical, chemical, and biological response
of a stream to a barrier removal project.
The Steering Committee selected critical monitoring
parameters based on the following selection criteria:
• Relevance to a range of topic areas. The Steering
Committee focused specifically on monitoring
parameters identified as high priorities for more
than one of the topic areas. These are referred to as
cross-cutting parameters.
• Usefulness across a range of physical settings and
management contexts. The critical monitoring
parameters are intended to be useful for a range
of barrier removal projects in the Gulf of Maine
watershed.
• Cost effectiveness. Recognizing that funding and
personnel typically constrain monitoring programs
and projects, the Steering Committee targeted
monitoring parameters that require relatively
modest expenditures.
• Ability to answer questions relevant to common
restoration goals. Stream restoration and barrier
removal projects typically have shared ecological
goals. The critical monitoring parameters were
selected to provide data useful for answering
common questions related to expected restoration
goals.

* Indicates critical monitoring parameter

www.gulfofmaine.org /streambarrierremoval
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D. THE CRITICAL
MONITORING PARAMETERS
Eight critical monitoring parameters emerged from
the workshop process and subsequent review by the
Steering Committee. These parameters provide fundamental pre- and post-project data for analyses to characterize the physical, chemical, and biological changes
at barrier removal sites. Most of the critical parameters
are to be monitored at monumented cross-sections
(Table 1).

E. INTENDED USE
With this Monitoring Guide, the Steering Committee
hopes to encourage systematic monitoring and data
reporting for stream barrier removal projects. The
Monitoring Guide is specific to stream barrier removal
projects in the Gulf of Maine watershed. However, the
methods may also be adapted for projects in other
regions. We anticipate that this Monitoring Guide will
be useful throughout the Gulf of Maine watershed and
can be adapted to provincial or state-specific circumstances. In certain instances, we refer users to relevant
state or provincial protocols and advocate close coordination with existing government programs.

F. NAVIGATING THIS DOCUMENT
Section III. Scientiﬁc Context
of Stream Barrier Removal
This section provides scientific discussion of stream
barrier removal, focusing on the following topic areas:
A. Hydrology, hydraulics, and sediment
B. Wetland and riparian habitat
C. Instream habitat
D. Fish passage
The subsections summarize the effects of stream barriers with respect to the given topic and the anticipated
responses to barrier removal. The subsections also provide the rationale for the critical monitoring parameters, as well as discussions of other parameters identified as priorities at the workshop. While not retained
as critical monitoring parameters for the Monitoring
Guide, these additional parameters support more detailed investigations and may be necessary on a sitespecific basis to answer particular questions.

www.gulfofmaine.org /streambarrierremoval

Section IV. Methods for the
Critical Monitoring Parameters
This section provides detailed monitoring methods for
the six critical monitoring parameters:
• Monumented cross-sections
• Longitudinal profile
• Grain size distribution
• Photo stations
• Water quality
• Riparian plant community structure
The methods include information about equipment,
monitoring design, sampling frequency, and site-specific considerations. Section IV.A, Study Design, provides
general guidance on how to implement a monitoring
program and describes how the critical monitoring
parameters are related to one another.
Fisheries and macroinvertebrate experts in our region
agreed that a single method for either fish passage
or macroinvertebrates would not be applicable to the
variety of expected barrier removal projects. For that
reason, we include in this section only a recommendation that users consult with experts in their state or
province to identify appropriate methods for macroinvertebrates and quantitative fish passage assessment.
We also provide summary tables that describe, in
general terms, common monitoring methods for these
parameters.

Section V. Data Management
This section describes the importance of common data
elements, reporting standards, and metadata. The intention is to ensure that data collection, reporting, and
management are systematic and coordinated. This is
also the reason we developed detailed data sheets (see
Appendix E) for the six critical monitoring parameters
for which detailed monitoring methods are provided.

Section VII. Appendices
The appendices provide information about field safety,
workshop products, and macroinvertebrate monitoring, along with a glossary. Data sheets are contained in
Appendix E and are available for downloading from
www.gulfofmaine.org/streambarrierremoval.
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Dam in the Gulf of Maine watershed.
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New Hampshire Coastal Program

III. SCIENTIFIC CONTEXT OF STREAM BARRIER REMOVAL
A. HYDROLOGY, HYDRAULICS,
AND SEDIMENT
Introduction
Water flow and sediment transport govern the physical characteristics of alluvial rivers and therefore influence the quantity and quality of their aquatic and
floodplain/riparian habitats. River barriers such as
dams and culverts can change water flow and sediment
transport, and thus the river’s form and function. A
number of studies have described how barriers impact
stream processes and/or forms (Andrews, 1986; Graf,
2006; Magilligan and Nislow, 2001; Magilligan et al.,
2003; Perry, 1994; Petts, 1979; Williams, 1978; Williams
and Wolman, 1984). However, the magnitude, timing,
and range of physical changes resulting from barrier
removal have not been as well documented (Hart et al.,
2002).
This section briefly summarizes 1) how barriers can
influence stream form and process; 2) observed and
expected stream response to barrier removal; and 3)
relevant hydrologic, hydraulic, and sediment transport
monitoring parameters for answering questions of interest at proposed barrier removal sites. For the purposes of this document, hydrologic impacts are changes to
www.gulfofmaine.org /streambarrierremoval

the quantity and timing of stream flow and hydraulic
impacts are changes to the physical properties and
behavior of flow as it is influenced by floodplain geometry and instream structures.

Barrier Effects on Stream
Process and Form
The primary effects of barriers are changes in stream
flow timing (i.e., the hydrograph) and sediment transport processes. These changes cause a variety of secondary effects such as changes in bed slope, channel
width, bed forms, and roughness. The magnitude and
direction of primary and secondary effects can vary
considerably from site to site with barrier type and
watershed characteristics (e.g., lithology, tributary sediment loads, vegetation cover).
The upstream effects of barriers tend to be more predictable than the downstream effects. Upstream of the
barrier, the reach may become lacustrine in character,
or it may remain riverine. In either case, habitats are
altered considerably from those farther upstream and
Stream Barrier Removal Monitoring Guide | 2007
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downstream. In the case of dams, water often ponds
on the upstream side, and the impoundment extends
upstream until it intersects the stream water surface
elevation approximately equal to the elevation of the
dam crest, spillway, or other controlling outlet. The
impoundment may cause increased groundwater elevations in the floodplain/riparian zone upstream of the
barrier. For run-of-river dams, which operate without
flood storage, flood stages for a limited distance upstream of the dam are frequently higher than they
would be without the impoundment. Culverts may
have much the same effect as dams, particularly during small to moderate flood events when a substantial
amount of water may impound behind them. However,
during large events their influence may diminish if the
roadway is overtopped.
The sediment trapping efficiencies of impoundments
vary widely depending on the dam type and operation
and on the sediment characteristics. Much of the sediment delivered to the impoundment from upstream
reaches is often deposited there as the stream loses energy. For culverts, upstream impacts may be more transient in nature and include impoundment during flood
events and debris accumulation on the upstream face.
The downstream effects of barriers vary from site to
site. Many primary and secondary effects have been reported in the literature (Collier et al., 1996; Petts, 1979,
1980, 1984; Williams and Wolman, 1984). The type of
barrier, its operation, and the watershed’s physical characteristics largely govern the variability of downstream
changes in river form and process. The following is
a brief characterization of some commonly observed
stream barrier impacts downstream of barriers.

Hydrology Impacts
• Dams with significant flood storage can decrease
the downstream magnitude of flood discharges up
to 70% (Andrews, 1986; Graf, 2006; Magilligan and
Nislow, 2001; Magilligan et al., 2003; Perry, 1994;
Williams and Wolman, 1984).
• Stored flood volumes that are released slowly
over time produce a common phenomenon
downstream of dams: higher discharges during
low flow periods when compared to pre-dam
conditions (Andrews, 1986; Hirsch et al., 1990).
• The decreased natural variability of flow in downstream reaches can also be manifest as a decreased
range of daily discharges (Graf, 2006; Poff, 1997;
Richter and Powell, 1996; Richter et al., 1996).
• Storage dams alter the timing of annual maximum
and minimum flows, in some cases by as much
10
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as 6 months (Graf, 2006), and alter the duration
of flows of a given magnitude (Magilligan and
Nislow, 2001).

Hydraulic and Sediment Transport Impacts
• As a consequence of reduced flood discharges
below storage dams, flood velocities and shear
stresses are also reduced. This is a reduction
in flow competence, the ability to entrain and
transport sediment of larger size fractions.
• Dams trap upstream sediment loads, thereby
reducing sediment loads downstream, sometimes
considerably (Williams and Wolman, 1984).
Channel degradation, a frequent phenomenon
downstream of dams, can result. For rivers in a
quasi-equilibrium state, sediment delivery to a
reach approximately equals delivery out of the
reach such that the river neither aggrades nor
degrades (Mackin, 1948). The sharp decrease
in sediment supply to a downstream reach
subsequent to reservoir construction creates a
situation in which sediments eroded in that reach
are no longer replaced. Stream incision results
and can continue until a reduction in slope, or an
increase in roughness (see next bullet), decreases
the velocity to accommodate the new, reduced
sediment load. Channel degradation is common
below culverts as well.
• Increased roughness, or armor development,
commonly accompanies channel degradation.
Though reduced sediment loads can cause bed
erosion in the reaches immediately downstream of
a dam, primarily finer sediments are eroded from
the channel bed and banks by the reduced flood
peaks and under average discharge conditions.
These reduced flood peaks lack the competence to
transport larger clast sizes, a situation that results
in the winnowing of fines and the development
of an armor on the bed of coarse materials, which
prevents further degradation (Petts, 1979).
• Channel aggradation can result downstream of
dams, often from the combination of reduced
flow competence and a downstream tributary
contribution of sediment (Andrews, 1986). Some
proportion of the aggraded sediment may come
from upstream scour (Collier et al., 1996).
• Channel narrowing downstream of dams has
been reported widely in the literature (Benn and
Erskine, 1994; Graf, 2006; Gregory and Park, 1974;
Kellerhals, 1982; Williams, 1978; Williams and
Wolman, 1984). It is often linked to decreases in
flood discharges, especially the channel-forming
discharges that have 1- to 2-year recurrence

www.gulfofmaine.org /streambarrierremoval
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frequencies (Magilligan et al., 2003).
• Sediment deposition, frequently in the form of
gravel bars, often occurs immediately upstream of
culverts. The coarse materials are deposited when
floodwaters are impounded behind the culvert.

Stream Response to Barrier Removal
Just as construction of river barriers affects stream processes and forms, removal of barriers also affects them.
Changes in process and form after barrier removal
vary in magnitude, direction, and timing, according to
barrier type and operation as well as stream and watershed physical characteristics. The magnitude and frequency of storm events after barrier removal also play
an important role. Stream responses to barrier removal
may continue for years to decades (Pizzuto, 2002).
• Stream gradient and longitudinal profile. One of
the most widely seen changes after barrier removal
is a shift in patterns of sediment movement and
sediment deposition (Hart et al., 2002). As the
channel adjusts, the streambed may develop a new
slope. This may occur through channel incision in
the impounded sediments, manifested initially in
a headcut, and progressing upstream through the
deposit in a process called headcut or nickpoint
migration. This process may happen rapidly, or it
may occur gradually with annual (or less frequent)
peak flows. As knickpoint migration takes place,
the longitudinal profile of the river changes
progressively in the incised reach (see Pizzuto,
2002) and likely changes in the downstream reach.
Formerly impounded sediments may be deposited
in the reaches below and cause bed aggradation.
Changes in longitudinal profile will likely result in
the redistribution of pools, riffles, and bars.
• Channel geometry. Changes in sediment transport
will be manifest in stream cross-section geometry
changes, and over time the reintroduction of the
natural flood regime will influence cross-section
shape. The channel upstream of the barrier may
narrow and develop a floodplain through incision
and/or deposition (Pizzuto, 2002).
• Stream bed particle size distribution may change
in response to changes in sediment transport
regime. Bed sediment size distributions in the
upstream reach may show greater proportions
of coarse material as fines are transported
downstream with increased flow competence;
coarsening or fining may take place downstream
(Hart et al., 2002).
• Groundwater levels proximal to the former
impoundment will typically be lowered when the
dam is removed.
www.gulfofmaine.org /streambarrierremoval

Monitoring Parameters for
Hydrology, Hydraulics, and Sediment
The members of the Hydrology, Hydraulics, and Sediment Topic Team at the June 2006 workshop considered dam and culvert removal. They identified the following monitoring parameters as the most critical for
understanding stream response to dam removal:
• Monumented cross-sections*
• Longitudinal profile*
• Grain size distribution*
• Stage/discharge
• Contaminated sediments
Channel cross-sections, longitudinal profile, and grain
size distribution were deemed within the technical and
budgetary reach of most project proponents and were
retained and recommended as critical monitoring parameters. These parameters are used to monitor changes in stream form over time, from which changes in
process can be inferred.
Sediment contaminant testing is not recommended in
this Guide as a critical monitoring parameter because
it is not necessary for every site and it is more relevant
to project design, engineering, and implementation
monitoring than for long-term ecological monitoring.
Stage/discharge gaging, while very valuable, is also not
recommended because it is too costly.

Monumented cross-sections*: Repeated cross-section
surveys will document vertical and horizontal channel
adjustments (i.e., degradation, aggradation, widening,
narrowing) in response to the new flow and sediment
transport regimes following barrier removal. The
cross-section data also are useful for hydraulic models,
which can provide a wide variety of quantitative information, including water surface profiles, competence
to carry sediment, hydraulic conveyance capacity, flow
regime, and water speed. See monumented cross-sections method (Section IV.B.1).
Longitudinal profiles*: Repeated longitudinal surveys will show how the channel slope is adjusting to
changes in stream processes. They will document any
creation, destruction, and/or movement of pools and
riffles. See longitudinal profile method (Section IV.B.2).

* Indicates critical monitoring parameter
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B. WETLAND AND
RIPARIAN HABITAT
Introduction
Riparian zones are defined as the stream channel
between the low- and high-water marks, bordering
lands where vegetation may be influenced by elevated
groundwater tables or flooding, and soils having the
ability to retain water (Naiman et al., 1993). Riparian
zones are unique lands with distinct geomorphologic
and biological attributes regulating energy and material flows within relatively narrow distances between
streams and upland ecosystems (Crow et al., 2000).
These systems have physical, chemical, and biological
effects on surface water, groundwater, instream conditions, and the biota that use the stream and riparian
zone as habitat or as corridors for wildlife movement.
See Naiman and Decamps (1997) for a good summary
of riparian zone functions.
Vascular plants that border streams and rivers contribute important riparian zone structural components
and riverine functions. The setting, structure, and composition of a plant community influence the type and
level of functions and services (Haberstock et al., 2000).
These functions and services include the following:
• Release of leaf litter, mast, and woody debris
that provide cover and a food source for
animals, fuel instream detrital food webs, and
contribute to instream habitat structure/cover for
macroinvertebrates and other biota.
• Alteration of suspended/particulate matter and
uptake or transformation of dissolved nutrients
and other materials transported in stream flows or
groundwater discharge.
• Canopy cover that provides shade and minimizes
daily fluctuations of temperature in the stream
and riparian zone.

12
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Grain size distribution*: Resampling grain size distribution during cross-section re-surveys documents changes in the composition of the bed material over time.
The data reveal local changes in the stream’s hydraulic
characteristics, such as roughness and flow competence. Grain size distribution data can be coupled with
hydraulic modeling results to compare the stream’s
competence to carry sediment with the size of the
sediment available on the bed. Both pieces of information are critical to understand the likelihood of actual
sediment transport. See grain size distribution method
(Section IV.B.3).
• Development of ground micro-topography and
wildlife habitat.
• Protection of streambanks from erosion.
• Decrease in flood velocities attributable to
overhanging and stream-edge vegetation and
woody debris.
• Reduction in peak discharge by storing overbank
flows in floodplain depressions and former streamchannel features.
Many riparian zones are classified as wetlands. Even
where riparian zones do not meet the wetland definition, these zones are saturated by groundwater for at
least brief periods during the growing season, within
the normal rooting depth of plants, and thus are linked
hydrologically to streams (Verry, 2000). Floodplains
provide important functions including overbank flow
storage and velocity reduction, and they serve as sites
for stream-channel meandering or secondary flow
channels. Field reconnaissance of a project area will
help identify floodplain indicators, such as alluvial
soil deposits; debris wrack or wash lines; water marks;
debris lodged in trees and shrubs; and floodplain vegetation with flood-adapted features (e.g., buttressed tree
trunks; adventitious or suckering roots).
Vegetation response to barrier removal is strongly
influenced by changes in the physical environment
(Shafroth et al., 2002). Because barrier removals may
result in drastic changes in physical conditions, the
characterization of riparian plant community structure and composition is an important component of a
monitoring regime for barrier removals. This section
summarizes 1) how stream barriers influence riparian
zone structure and functioning; 2) expected responses
of riparian vegetation communities when a stream barrier is removed; and 3) important parameters used to
monitor riparian zone communities at barrier removal
sites.
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Barrier Effects on Riparian Zone
Structure and Function
A number of authors (Petts, 1984; Ligon et al., 1995; Collier et al., 1996; Nilsson and Berggren, 2000) discuss the
impacts associated with dams and culverts on riparian
zones. The following is a brief summary of the physical
effects of barriers on riparian zone plant communities.
Low-head dams often convert streams to ponds and
forest/shrub-dominated riparian habitat to emergent/
floating emergent-dominated habitat. Many impoundments created by low-head dams accumulate organic,
fine-grained sediments. These impoundments may
become covered by emergent (e.g., reed canary grass,
Phalaris aruninacea), woody (e.g., water willow, Decodon verticillatus), or floating emergent (e.g., pond lilies, Nuphar spp.) wetland plants. Organic soils flooded
by impoundments may release excess phosphorus and
nitrogen that may increase aquatic plant productivity
(Nilsson and Berggren, 2000).
Scrub-shrub species (e.g., buttonbush, Cephalanthus
occidentalis) often colonize shallow waters along the
perimeter of an impoundment. In the absence of these
impoundments and other disturbances, streams are
typically bordered by forested and shrub-dominated
riparian habitats.
Dams that regulate flows may disrupt natural disturbance regimes of downstream reaches. Flow disruptions
reduce variability and alter the frequency, magnitude,
and duration of riparian flooding, and they truncate
the pulse of sediments, nutrients, and wood debris to
and from the floodplain (Sparks, 1995). With lesser flow
and flooding frequency, the riparian zone narrows.
Storage impoundment dams may change a downstream reach from a multi-channel river and broad
floodplain system with mid-channel bars and islands to
a single channel. Loss of these features results from reduced peak flows that historically flooded the riparian
zone and cut new channels, receiving sediments from
upstream riverbanks and terraces (Ligon et al., 1995).
Reduced peak flows and trapped sediments may cause
a loss of fertile floodplain soils and pulse-stimulated
riparian vegetation responses. Without flood or soil deposition stimulation, some riparian plants may not successfully reproduce, leading to displacement by more
generalist native upland and exotic plant species. Plant
seeds with poor floating capacity may have decreased
potential for dispersal downstream of dams, affecting
the abundance of these species in downstream riparian
zones (Jansson et al., 2000).
www.gulfofmaine.org /streambarrierremoval

Riparian Zone Response to Barrier Removal
The degree of riparian zone change after removal of a
stream barrier depends on
• size of the stream, barrier, and impoundment;
• stream discharge;
• dewatered sediment grain size and composition;
and
• geomorphic characteristics of the stream channel
and valley.
Effects on the riparian zone can be distinguished into
two primary categories: upstream and downstream
effects. Removal of low-head dams and culverts result in plant community structural changes primarily upstream of the barrier, while removal of storage
impoundment dams may result in significant plant
community changes both upstream and downstream
of the project site. A planned staging of a dam breach/
removal may also affect how plant species colonize and
community succession occurs in the riparian zone.

Upstream Effects
With dam removal, the dewatering of an impoundment may be rapid, resulting in the loss of open water
habitat and changes in the hydraulic gradient. Groundwater levels may be lowered by dam removal and dewatering. A new hydraulic gradient will develop with
impoundment loss or lowering, and the gradient will
be affected by the topography and stage-discharge relationships (ICF, 2005). A broad, flat topography would be
expected to result in more homogeneous plant cover
types. The tolerance of flooding and soil saturation
by each plant species influences the zonation and patterns of plant community development following dam
removal and impoundment loss. Besides the loss of
deepwater habitats, the vegetation response generally
includes plant dieback with decreased cover by nonpersistent emergent plants (e.g., Pontederia cordata,
Sagittaria spp.) and loss of submerged aquatic vegetation (e.g., Vallisneria, Potamogeton spp).
Exposed sediments resulting from impoundment loss
may be colonized rapidly if a seedbank of wetland
plants exists within the wetland soils and/or adjacent
communities provide wind-blown seed sources. Plant
colonization period depends on the timing of the dam
removal, as well as the grain size composition and water content of the soils. Nutrient levels in the former
impoundment sediments may also affect plant species
colonization and plant community composition in riparian zone succession. Persistent and non-persistent
hydrophytes may colonize areas that continue to have
prolonged inundation. Persistent emergent (e.g., ScirStream Barrier Removal Monitoring Guide | 2007
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pus spp.) and non-persistent emergent plants will dominate the semi-permanently saturated soil zone, while
scrub-shrub (e.g., Alnus, Cornus spp.) and tree (e.g., Acer
spp., Nyssa sylvatica) species will dominate the riparian
zone underlain by permeable soils with temporarily to
seasonally flooded or saturated soil conditions.
A primary concern of stream restoration practitioners
is the fate of the impoundment area after dam removal
and potential invasion of non-native plants. See Orr
and Koenig (2006) for a case study of non-native and
native plant establishment after removal of two lowhead dams. In places with nutrient-rich soils, weedy
plants are typically the early colonizers, produce seeds
at high rates, have effective dispersal mechanisms, and
are invasive, non-native species.
Soils with high levels of micronutrients or metals may
support only nuisance plant species tolerant of these
contaminants. Non-native species may out-compete native riparian vegetation by rapidly colonizing exposed
sediments, if the exotic species already existed in the
impoundment. Other modes of dispersal include seeds
transported by stream flows from upstream parent
stock, carried in by animals (e.g, Lythrum salicaria,
Elaeagnus angustifolia), or dispersed by wind (e.g.,
Phragmites australis).
Riparian plant diversity is expected to be lower with
a well-established and dominant invasive plant cover.
Hydrologic conditions at the site and the species’
flood tolerance will dictate the limits and vigor of the
invasive species cover in the riparian zone. Once established, a healthy invasive plant cover may modify
microhabitat conditions in ways that are likely to inhibit or prevent natural plant community succession
in riparian zones. To combat potential invasions with
planned dam removals, restoration practitioners often
prepare plans including seeding and/or planting of native species and other practices such as use of geo-fabrics to help expedite growth of a desired riparian zone
vegetation cover.

Downstream Effects
Removal of storage reservoir dams results in an increase in downstream flooding and sediment transport.
Sediment transport is also often increased after removing low-head, run-of-river dams. Downstream floodplain communities may be altered as floods remove or
bury vegetation in downstream habitats lacking regular flooding. Subsequently, riparian habitats dominated
by flood-tolerant species will re-establish on the newly
deposited barren soils. Restoring sediment transport
14
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processes to downstream reaches may result in sediment deposits and increases in transient bed elevation
and lateral stream channel migration within the floodplain (Healy et al., 2003). A greater frequency of depositional bars and other landforms that could support
pioneer plant species (e.g., Salix, Populus spp.) would
also be expected to form (Shafroth et al., 2002).
Following dam removal, seed dispersal via stream flow
may help to restore native plants in the downstream
riparian zone (Jansson et al., 2000). For dams that increase groundwater elevations, wetlands that form locally both downstream and along impoundment margins by lateral seepage around a dam may be affected
by lowering of the groundwater table. A lowering of
the water table may result in the loss or conversion
of wetlands that had been sustained by seasonally to
permanently saturated soils (ICF, 2005), but any conversions would be expected to be localized, and are
frequently offset by new wetland formation elsewhere
(i.e., along the new stream margin upstream of the
removed barrier).

Monitoring Parameters for
Wetland Riparian Habitat
The Wetland and Riparian Habitat Topic Team at the
June 2006 workshop identified the following monitoring parameters as most important to assess the response of vegetation to stream barrier removal:
• Riparian plant community structure*
• Invasive plant species monitoring
• Restoration planting survival
• Plant condition assessment
• Groundwater elevations

Riparian plant community structure*: Of the parameters discussed by the Wetland and Riparian Habitat
Topic Team, plant community structure was the only
one recommended as a critical monitoring parameter.
Repeated plant community assessments at permanent
stream/riparian cross-sections at both the barrier removal site and upstream or nearby reference reaches
will reveal changes in species percent cover, plant
composition, and community succession attributed to
the barrier removal. Riparian plant community monitoring will help explain changes in ecological functions associated with restoring the riparian zone, such
as wildlife habitat quality and plant material export
to the stream. See riparian plant community structure
method (Section IV.B.6).
* Indicates critical monitoring parameter
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Invasive plant species monitoring: Although invasive
species monitoring was not recommended as a critical monitoring parameter, the Wetland and Riparian
Habitat Topic Team identified invasive plants as a
significant management concern at barrier removal
sites. Depending on the objectives, budget, number
of monitoring staff, and study period associated with
the project, monitoring methods may be considered to
document the extent of any non-native, invasive species. While monitoring of sampling plots may provide
adequate information about the relative percent cover
and frequency of invasive plants, it may be desirable
also to record stem density per unit area at a site. This
is particularly true in dense patches or near monotypic
stands of plants. Delineation and mapping of the spatial limits of exotic plants (e.g., common reed, Phragmites australis; purple loosestrife, Lythrum salicaria;
reed canary grass, Phalaris arundinacea; Japanese knotweed, Fallopia japonica) can show the extent of the
invasion of the project area over time.
Physical disturbance in riparian areas can result in increased proportions of invasive species. For this reason,
special attention should be paid to all disturbed areas
including the dewatered impoundment area, bordering vegetation, and construction areas. The limits of
the invasive plant cover should be recorded via GPS
and depicted on a site map or aerial photo. For broad
project sites or long stream reaches, an alternative
method—using a scaled series of annual color or infrared aerial photographs complemented by limited field
groundtruthing—should be considered for mapping
invasive plants.

Restoration planting survival: Some barrier removal
projects may include installing plantings, cuttings,
and seeds of native plants to expedite the restoration
of bare riparian soils. For barrier removal restoration
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sites that have been
planted (e.g., plugs,
containerized stock, or
bare root), annual monitoring should include
the percentage of dead,
stressed, or surviving
plants out of the total
number of plantings
of each species. Woody
plantings should be
mapped/tagged or depicted on the restoration-planting plan because often many plantings do not survive and might be difficult to locate.
Dormant material such as livestakes or wattles (typically willows, Salix spp.) should be monitored for at
least the first full growing season (e.g., percent survival
for stakes or posts; percent cover for wattles). Natural
regeneration of trees and shrubs also will occur, potentially leading to artificially high estimates of survival if
plantings are not mapped/tagged (Pollack et al., 2005).
If an entire planted area is not assessed, care should be
taken to document the location and area of the monitored sub-area. This information may be used in recommending plant species to be replaced or other native species as substitutes in the replanting, especially
if a warranty has been secured with a landscaper/plant
nursery supplier contract for the restoration project.

Plant condition assessment: Plant condition, particularly of exotic plants, can be described by measuring
plant height of a representative number of plants
(e.g., 10) within each sample plot, as well as recording
whether each randomly selected plant is flowering or
has fruit as an indicator of successful seed production.
Documenting the amount of grazing by herbivores
(e.g., beaver, deer) and impacts of insect pests is another
suggested practice.
Groundwater elevation monitoring: Barrier removal
often results in dewatering or lowering of surface water impoundments and will influence riparian groundwater elevations. If time and budget allow, groundwater monitoring may be conducted to help define
changes in sub-surface hydrology influencing riparian
community development at barrier removal sites. This
monitoring requires installation of multiple monitoring wells at both barrier removal and reference sites,
and effort to monitor groundwater elevations over
multiple seasons.
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C. INSTREAM HABITAT
Introduction

NOAA

Removing river barriers results in changes
to chemical, physical, and biological processes that, in turn, influence instream
habitat conditions (Hart et al., 2002). These
changes can cascade throughout all components of instream habitat, influencing habitat structure, water quality, and biotic assemblages. This section briefly summarizes
1) how stream barriers influence instream
habitat; 2) how instream habitat responds
when a stream barrier is removed; and 3)
important parameters to monitor to document changes in instream habitat as a result
of barrier removal.
Dam removal site in New Hampshire showing remaining left-bank abutment.

Effects of Barriers
on Instream Habitat
Habitat Structure
Barriers impound water and may result in a shift from
a riverine habitat to a lacustrine, or lake-like, habitat.
The alteration of hydrologic regime and the changes
in sediment transport caused by river barriers may
change the quality and distribution of instream habitat
types such as riffles, runs, and pools. Riffles are composed of cobbles and gravel, and typically they are free
from finer-grained material. These shallow, high-velocity environments are well aerated, provide important
habitat for spawning, and serve as critical nurseries for
fish eggs. Pools are found between riffles, and they are
characterized by smoother bottoms, deeper water, and
lower flow velocities than riffles.
Pools provide important refugia and rearing habitat
for multiple age classes of fish species during highwater events and low-flow conditions. Riffle and pool
complexes also incorporate runs of swift-moving water
between each complex, which provide habitat for fish
and other biota. These habitats, and the organisms
that depend on them, may be eliminated by a stream
barrier’s impoundment.
Stream barriers also reduce large woody debris recruitment from upstream sources. Large woody debris is an
important contributor to instream habitat complexity
and diversity, including the formation of mid-channel
bars and islands (Abbe and Montgomery, 1996). Large
woody debris enhances microhabitat diversity and
surface roughness in floodplains and riparian zones,
thereby encouraging flow dissipation versus concen16
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trated flow patterns. This debris also enhances plant
and wildlife habitat diversity.
Some stream barriers create tidal restrictions, which
may exclude the daily tidal exchange or allow a muted
tide to progress past the barrier. In both instances, the
impacts of tidal barriers are complex and often result
in a shift from estuarine habitats to freshwater habitats
with a corresponding shift in species composition.

Water Chemistry
Barriers influence water chemistry by trapping nutrients and sediment and by changing water temperature
and dissolved oxygen concentrations. Impoundments
in urban, suburban, or agricultural areas may develop
high nutrient concentrations as a consequence of
receiving nutrient-rich runoff. These nutrients may
result in increased macrophyte and algae growth, potentially at nuisance levels.
Because the microorganisms that decompose dying
macrophytes and algae consume dissolved oxygen, elevated nutrient concentrations can lead to low dissolved
oxygen concentrations in impoundments, particularly
at depth. Also, impoundments may have higher temperatures than free-flowing river reaches upstream and
downstream. Elevated temperature may further reduce
dissolved oxygen concentrations. Increased water temperatures and decreased oxygen concentrations can
prevent sensitive species such as trout and many invertebrates from using the pond habitat.
Sediment and sediment-bound toxic contaminants carwww.gulfofmaine.org /streambarrierremoval
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ried by rivers may settle in impoundments as water
velocities slow. Modern and legacy industrial pollution
have contributed persistent contaminants (i.e., contaminants that do not break down easily) to surface
and ground waters, and the contaminants may bioaccumulate in intermediate to higher trophic organisms
(Hart et al., 2002). These bioaccumulative contaminants
include but are not limited to DDT, PCBs, mercury,
and dioxins. Contaminated sediments may adversely
impact aquatic ecological resources or humans who
consume these resources.

the physical stream structure are further described in
Section III.A.
Stream barrier removal effects on water chemistry vary
from site to site depending on geomorphic and hydrologic factors (e.g. Doyle et al., 2003; Gergel et al., 2005).
Barrier removal may increase dissolved oxygen in the
formerly impounded reach, reduce water temperature,
release stored nutrients from the impoundment, and/or
release fine sediments to downstream reaches. Prior to
barrier removal, the nutrients in an impounded reach
are stored in the sediments (Ahearn et al., 2005).

Benthic Communities
Changes in habitat structure and water chemistry may
result in a shift in macroinvertebrate communities (e.g.,
aquatic insects, clams, mussels, worms, snails). Communities of macroinvertebrates upstream of a barrier
may resemble those of lake-like environments. Macroinvertebrates are important components of most freshwater riverine ecosystems, functioning as a link between primary producers (algae), nutrient inputs such
as leaves and woody debris, and tertiary consumers
(fish) (Resh, 1995). Mussels are among the least mobile
macroinvertebrates in stream systems and therefore
may be affected most strongly by habitat changes.

After the barrier is removed, and the upstream sediments are available for transport, the nutrients may be
mobilized. The extent to which nutrients are mobilized
and transported may depend on geomorphic changes
at the site. For example, Ahearn et al. (2005) found that
removing a small dam on Murphy Creek in California
resulted in increases in sediment and nitrogen export
from the recovering reach. In contrast, Velinsky et
al. (2006) found that removing a small dam in southeastern Pennsylvania had no significant effects on
upstream or downstream water chemistry, including
nutrients and dissolved oxygen concentrations.

The physical changes caused by a stream barrier, particularly when an impoundment is created, provides
a change in habitat conditions that sometimes favors
freshwater mussels. Upon dam removal, however,
freshwater mussels are vulnerable, particularly during
the dewatering period. Furthermore, if any impounded
sediments are released downstream when a dam is removed, the sediments may affect downstream habitats
of mussels and other macroinvertebrates.

Stream barrier removal projects can affect water
chemistry through the mobilization of accumulated
sediments and sediment-bound contaminants to downstream aquatic environments. Post-dam removal sediment mobilization can increase the downstream occurrence of fine-grained sediments, which can smother
important spawning grounds, fill pools, and decrease
water clarity. Before dam removal occurs, it is common
to conduct a grain size analysis to determine sediment
size and sediment mobility. Testing for the presence
of pollutants is also common. This Monitoring Guide
does not specifically recommend monitoring the toxicity of impounded sediments. However, sediment toxicity testing may fall under regulatory requirements for
projects that occur in some jurisdictions. The project
manager should contact federal, provincial/state, and
municipal regulatory authorities for advice on how to
proceed.

Response of Instream Habitat
to Barrier Removal
Small barriers are the chief focus of removal efforts
in the Gulf of Maine watershed. Little information exists on the ecological impacts of these smaller and/or
partial removals. The primary goal of most barrier
removal projects is to increase fish passage. The rapid
achievement of this goal has been documented in
high-profile scientific studies and confirmed by many
anecdotal reports (O’Donnell et al., 2001). However, less
is known about the responses of other instream habitat
components to barrier removal projects and the implications for other aquatic organisms.
Barrier removal is expected to result in reestablishment of riverine habitats upstream of the barrier. Upstream and downstream impacts of barrier removal on
www.gulfofmaine.org /streambarrierremoval

Barrier removal may affect benthic organisms that in
turn provide food for other organisms. Macroinvertebrates are used frequently by researchers and managers to document changes in community composition
and habitat type (Casper et al., 2001; Collier and Quinn,
2003; Doyle et al., 2005; Kanehl et al., 1997). The ability
of many aquatic macroinvertebrate taxa to opportunistically recolonize areas of previously unavailable
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habitat is made possible by short life cycles (~1 year)
coupled with mobile terrestrial adult phases. Macroinvertebrate populations are expected to shift from lake
or pond species to riverine species over time frames of
days to years upstream of the barrier removal (BushawNewton et al, 2002). Benthic communities downstream
of the barrier removal site may be affected as well.
Thomson et al. (2005) found that macroinvertebrate
density and algal biomass declined downstream of a
dam during 12 months of sampling after removal. This
was attributed to increased fine sediment transport
from the restored reach. The authors hypothesized that
over time the downstream benthic communities would
recover to resemble upstream communities. In general, recovery processes should be expected to vary in
length of time and magnitude of community change.
Freshwater bivalves may be particularly affected by
barrier removal. A study of a dam removal project on
the Koshkonong Creek in Wisconsin documented upstream and downstream impacts to freshwater bivalves
(Sethi et al., 2004). The study documented 95% mortality of mussels in the former impoundment due to desiccation and exposure (Sethi et al., 2004, cited in Nedeau,
2006). The study also reported that a downstream increase of silt and sand from the former impoundment
resulted in decline of mussel densities and extirpation
of rare mussel species. Efforts to relocate mussels during the Edwards Dam removal in 1999 successfully rescued 607 tidewater muckets and 16 yellow lampmussels, both of which are listed by every New England
state as threatened or endangered (Nedeau, 2006).

Monitoring Parameters
for Instream Habitat
Techniques to assess instream habitat either 1) quantify
specific physical instream habitat components (e.g.,
stream bed cross-sections or grain size distribution) or
2) use indicators to assess overall instream habitat quality (e.g., macroinvertebrates). This Monitoring Guide
recommends using both quantitative measurements
and ecosystem indicators to assess instream habitat.
The following parameters were identified by the Instream Habitat Topic Team at the June 2006 workshop
as most important for assessing the response of instream habitat to stream barrier removal:
• Macroinvertebrates*
• Water quality*
• Photo stations*
• Longitudinal profiles*
• Monumented cross-sections*
• Grain size distribution*
18
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Macroinvertebrates*: Surveys of macroinvertebrates
are used by many organizations to indicate the health
of freshwater riverine ecosystems. In 1995, the U.S. EPA
reported that 41 out of 50 states had biological assessment programs in place and that macroinvertebrates
were the most commonly utilized assemblage (U.S.
EPA, 2002). Each state and province bordering the Gulf
of Maine has its own specific macroinvertebrate assessment protocol. Therefore, this Monitoring Guide does
not recommend a particular methodology but rather
advocates using the protocol that is recommended by
the project’s regulatory authority.
Water quality*: Water quality is an important component of instream habitat that should be considered
when removing stream barriers. Depending on project
specifics, the following water quality parameters may
be important for barrier removal projects: temperature, dissolved oxygen, total suspended solids, pH,
salinity, conductivity, nutrients, chlorophyll a, carbon,
pathogens, and contaminants. Of these parameters,
temperature, dissolved oxygen, and conductivity are
the recommended critical monitoring parameters. See
water quality method (Section IV.B.5).
Photo stations*: A properly executed and documented
photo record can be an invaluable resource for project
proponents, regulatory authorities, and outreach and
education. The monumented cross-section-based monitoring framework of this Monitoring Guide will provide the spatial and temporal basis for a detailed and
robust photo record. An accurate photo record should,
at a minimum, start the year preceding implementation and continue through years 1, 2, and 5 after the
project has been completed. See photo stations method
(Section IV.B.4).
The cross-sections, longitudinal profile, and grain size
distribution can provide quantitative information on
habitat types, including pool depth, habitat unit length,
and critical grade control points (see Section III.A for
further discussion of these three critical monitoring parameters). Qualitative habitat information can also be
gleaned from certain quantitative monitoring parameters. For example, cross-section survey notes should
include qualitative descriptions of bank conditions, bed
substrate, large woody debris occurrences, and vegetation type.

* Indicates critical monitoring parameter
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D. FISH PASSAGE
Introduction

It is not known what percentage of existing road and rail crossings create barriers
to fish movement. It is known that many
of these bridges and culverts do not
fully span the stream’s full width, have
perched outlets, are constructed with
high longitudinal slopes, and otherwise present velocity or elevation barriers to fish migrating upstream. As
barrier removal becomes a prevalent practice for fishery enhancement, there is a greater need to quantify
the impacts of these efforts. Measuring the success of
these restoration projects has been challenging in part
because of a lack of established, systematic monitoring
protocols.
This section briefly summarizes: 1) how stream barriers affect fish passage; 2) fish passage response when a
stream barrier is removed; and 3) important monitoring parameters to assess fish passage.

Effects of Barriers on Fish Passage
Dams, dikes, perched culverts, and other stream barriers have the potential to limit or completely restrict access to spawning habitat and other habitats for various
life stages of native resident species and anadromous
species. Many watersheds in the Gulf of Maine no longer sustain runs of anadromous fish. Atlantic salmon
(Salmon salar) were extirpated from most of the U.S.
east coast by the early 1800s. Other anadromous fish including alewife (Alosa pseudoharengus) and blueback
www.gulfofmaine.org /streambarrierremoval

New Hampshire Coastal Program

Since European settlement, dams have
contributed to the decline of diadromous
fish species in the Gulf of Maine region.
To protect annual harvests, colonial laws
were enacted to counter the detrimental
effects of blocking fish from spawning habitat (Trefts, 2006). Many of the
earliest dams still remain, some having
been rebuilt multiple times for different
purposes. The long history of industrial,
commercial, and residential development
in the region has meant that road and rail
stream crossings are also ubiquitous. Massachusetts alone has an estimated 3,000
dams, along with an estimated 30,000
culverts and bridges associated with road
and rail crossings, according to the state’s
Geographic Information System database.

herring (Alosa aestivalis), American and hickory shad
(Alosa sapidissima and A. mediocris), Atlantic sturgeon
(Acipenser oxyrhynchus), sea lamprey (Petromyzon
marinus), and rainbow smelt (Osmerus mordax) have
suffered dramatic population declines. Also in decline
is the once-abundant American eel (Anguilla rostrata),
a catadromous species. Inability of fish to reach historic
spawning habitat may contribute to these declines.
Complete barriers to passage have obvious implications for fish migration, but partial passage barriers
and poorly constructed or failing fish ladders also can
have deleterious effects. Fish ladders that are poorly
designed, in disrepair, or not managed properly can be
significant barriers to passage. In some cases, fish ladders may be temporal barriers for weak-swimming fish
or for different age classes of fish at certain flows or
tides. Dams with fish ladders that do not have adequate
provision for juvenile out-migration can reduce population viability. Dams that are partially breached can allow strong-swimming fish to pass but not allow weaker
fish, or fish of different age classes, to pass. Perched
culverts and undersized culverts, although considered
hydraulically adequate under certain flows, can be as
problematic to upstream fish migration as dams.
Stream Barrier Removal Monitoring Guide | 2007
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Fish Passage Response After
Barrier Removal
Fish monitoring has been an integral part of some
Gulf of Maine barrier removal projects. The removal
of the Edwards Dam in Maine and the Billington Street
Dam in Massachusetts both included fish monitoring.
Fish movement response to barrier removal has been
researched, and findings show that improvement is
immediate and significant. If a dam or barrier is properly and fully removed, and natural stream hydraulic
and geomorphic conditions are restored, natural fish
migration patterns are likely to return during the subsequent migratory period. Removal of a small dam at
Town Brook in Plymouth, Massachusetts, resulted in
more than 95% passage efficiency of alewife through
the restored river reach with concomitant median transit times of less than 20 minutes (Haro, personal communication 2007).
Improved fish movement has been observed in the
Gulf of Maine region for non-anadromous fish species
following barrier removal. Migrations of native species,
such as brook trout and white sucker, typically are restored following barrier removal.

Monitoring Parameters for Fish Passage
Many different fish sampling or monitoring techniques
have been developed for streams, and state and provincial agencies have adopted a variety of them. Monitoring methods to assess fish passage through a reach
where a barrier has been removed are of two general
types: measurement of physical stream characteristics
or measurement of fish movement.

Measurement of physical stream characteristics: This
approach uses physical stream characteristics such
as water depth, water velocity, and the presence or
absence of any abrupt changes in bed elevation as a
surrogate for fish passage and assumes that if physical stream characteristics fall within a predetermined
range, then fish will be able to pass. If a culvert has
been replaced, then additional assessment components
may include culvert length, height of any inlet or outlet drops, and pitch of the culvert.
An example of this approach is FishXing, a U.S. Forest
Service software product used by engineers, hydrologists, and fish biologists to evaluate and design culverts
for fish passage. FishXing compares known fish swimming abilities with culvert measurements and physical
stream characteristics to model hydraulic properties
of a crossing to evaluate fish passage (USFWS, 2005).
The community of expert fisheries scientists in our
20
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region indicated that the swimming abilities of Gulf
of Maine diadromous fish are not well understood and
that because of our lack of understanding of fish capabilities, this approach would not confirm whether fish
passage had been restored at a barrier removal site.
Consequently, it was not selected as a critical monitoring parameter.

Direct fish measurement*: Our recommended approach is the direct measurement of fish movement
to determine whether the barrier removal project
has been successful at restoring fish passage. This approach assumes that a project has been effective if fish,
previously known to be restricted below the barrier, are
documented above the barrier removal site.
There are, however, several difficulties in recommending the direct measurement of fish movement at a barrier removal site:
• High diversity of diadromous fish in the Gulf
of Maine: The 10 species of diadromous fish
within the Gulf of Maine each have specific life
history strategies, migration periods, and habitat
utilization preferences.
• Diadromous fish populations may be small or
not yet restored making presence or absence
determinations difficult.
• Stream barrier removal projects present unique
site-specific conditions: The scope of this
Monitoring Guide includes all types of stream
barriers in the Gulf of Maine watershed, which
occur in many habitat types.
• Required expertise: Measurement of fish
movement requires advanced expertise, specific
equipment, and substantial personnel and financial
resources.
Given the variability of fish species affected by stream
barriers, the variability of site-specific conditions, reduced population size of some target species, and the
expertise required to conduct fish assessments, recommending one fish passage method for all sites is not
possible. We recommend that project proponents work
with jurisdictional authorities to develop direct fish assessment methods that are appropriate for their barrier
removal project.

* Indicates critical monitoring parameter
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A stream swollen by a recent rainstorm.
© Peter H. Taylor / Waterview Consulting

Grace Levergood / NHDES

Measuring elevation and distance on a transect.

IV. METHODS FOR THE CRITICAL MONITORING PARAMETERS
A. STUDY DESIGN
The eight critical monitoring parameters are designed
to be used together as a monitoring framework. Monumented cross-sections, the skeleton of this framework,
are permanently established and georeferenced. Several of the critical monitoring parameters—grain size
distribution, photo stations, water quality, and riparian
plant community structure—should be evaluated at
the monumented cross-sections (Table 1). This study
design allows for spatial and temporal consistency for
long-term monitoring. Adequate consideration must be
given to choosing the cross-section locations because,
once set, they should not be changed.
Before cross-sections are established, the monitoring
reach must be determined. The monitoring reach is
delineated into three segments: reference reach (upstream), impoundment, and downstream reach. Once
the monitoring reach is defined, we recommend that
the longitudinal profile be conducted to facilitate monumented cross-section placement. General site reconnaissance and review of remote sensing data are also
very useful for choosing cross-section locations.
www.gulfofmaine.org /streambarrierremoval

In addition to the cross-section-based spatial and temporal monitoring framework, this Monitoring Guide
employs a Before-After (BA) study design that requires
an assessment of pre-project and post-project conditions (Kocher and Harris, 2005). A BA design can be
improved by including a control site so that environmental conditions (natural and otherwise) affecting
both sites can be accounted for when evaluating the
restoration. Such a design is called a Before-After-Control-Impact (BACI) design. Where practical, the Steering Committee encourages the use of a control site.
However, this Monitoring Guide does not require it for
two reasons: (1) project evaluation will be twice as costly, and (2) the uppermost monumented cross-section
should be upstream of the project’s zone of influence,
hence serving as a de facto control site, though not an
entire control reach.
A written monitoring plan, a summary of accomplished work, and a schedule of anticipated work are
recommended to provide project partners and data
users with a clear account and detailed description of
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Conducting monitoring for a stream barrier removal project.

monitoring that has taken place and the direction of
future efforts. We recommend that practitioners leverage field opportunities to optimize the effort and resources employed. For instance, certain parameters can
be assessed on the same field day, such as water quality
and macroinvertebrates, or photo stations and riparian
plant community structure.
Two or more persons should be dedicated to each
monitoring team to help complete the data collection
expeditiously and facilitate quality assurance. If possible, at least one person should be involved throughout the monitoring period to ensure consistency and
uniformity in implementing the monitoring methods.
The monitoring team also should designate someone
who will be responsible for compiling and retaining
the field data.
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Monumented cross-sections are a key element of the standardized
methods recommended in this Monitoring Guide. This ﬁgure shows
some possible locations of monumented cross-sections at a hypothetical barrier removal site. Figure not to scale.
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Monument
Cross-section

Forested wetland
Shrub and sapling
wetland
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Precision: +/- 2% or 0.2 mg/L, whichever is greater.
Accuracy: +/- 2% of initial calibration saturation or 0.2
mg/L, whichever is greater
Precision: +/- 5%. Accuracy: +/- 5% against a standard
solution
Using 1-m2 (10.8 ft2) quadrat, identify each species,
record species percent cover and number of stems for
all non-woody and all emergent species less than 3 ft
(0.9 m) tall. Identify ﬂoating or submerged plants.

Conductivity

Herbaceous
layer

Water quality

Recommend that project proponents work with regulatory jurisdictional authorities to develop a monitoring plan for ﬁsh passage. Please see Section IV.B.8 for guidance.

Fish passage

Vegetation monitoring is conducted best during
the peak of the vascular plant growing season.
In the northeastern U.S., this period is generally
between July 15 and August 31. Vegetation monitoring should include a minimum of one year
of pre-restoration and three years of post-restoration sampling. Preferably, post-restoration
monitoring is conducted over a longer period,
such as once every 3 to 5 years.

Monitoring should occur one year prior to removal and annually thereafter for ﬁve years. All
data should be collected weekly for eight weeks
during August and September. If macroinvertebrate data are not being collected, waterquality data should be collected weekly from
June through October or through continuous
monitoring.

Photo-monitoring should include both leaf
out and full vegetation in the year preceding
restoration. Post-restoration photo monitoring
is recommended for years 1, 2, and 5.

Grain size sampling should be conducted at the
same frequency as the cross-section surveys,
during wading-depth stream conditions.

Recommend that project proponents work with regulatory jurisdictional authorities to develop a monitoring plan for macroinvertebrates. Please see Section IV.B.7 for additional guidance.

Monitor plant community at permanent sampling plots
established within the restoration site and within an unaltered
upstream reference site. Select three transects at each site,
perpendicular to the streambank. Establish three permanent
sampling plots along each transect according to vegetation
types: herbaceous layer, shrub/sapling layer, and tree layer.

Select a minimum of three monumented cross-sections
to evaluate water quality: upstream of the impoundment
inﬂuence; deepest part of impoundment; and immediately
downstream of the barrier. Properly record site information, including GPS coordinates, for purposes of resurveying.
Prepare, test, and calibrate equipment. Collect and record
water-quality data and site information.

Photo stations should be described as distances or bearings
from other known points such as cross-section endpoints or
other permanent landmarks.

In cross-sections dominated by ﬁne sediments, each sample
point should contain 1 liter of surface sediments for laboratory analysis. In cross-sections dominated by gravel, a pebble
count should be performed.

Longitudinal proﬁles should be resurveyed
at the same frequency as the cross-section
surveys.

Take elevation readings along the thalweg at important bed
features, measuring distances using the baseline. In addition
to distances and elevations, note details of features being
measured and water-surface elevations at each bed-elevation
measurement.

Sampling Frequency
Monitoring should be conducted in the year
preceding barrier removal. In the case of impoundments, pre-removal assessments should
be coordinated with drawdown. Resurveys
should occur annually or every other year for at
least ﬁve years.

Monitoring Design
The number and location of cross-sections will depend on
site-speciﬁc conditions. At a minimum, cross-sections should
be established immediately upstream and downstream of the
barrier, at bridges, in the impoundment, and upstream of the
impoundment inﬂuence. Permanent geo-referenced monuments must be established at cross-section endpoints.

Macroinvertebrates

Within a 9-m (29.5 ft) radius, identify species and
calculate basal area of each woody plant with height
greater than 20 ft (6.1 m) and DBH greater than 5
inches (12.7 cm). Note number of dead standing trees.

Precision: +/- 0.2°C. Accuracy: +/- 0.2°C

Temperature

Dissolved
oxygen

Photo stations

Tree layer

Repeat photographs capture a variety of ecosystem
conditions and visually document stream response.

N/A

Grain size
distribution

Within a 5-m (16.4 ft) radius, identify species and
record percent cover of all woody stemmed plants
with height 3–20 ft (0.9–6.1 m) and DBH 0.4–5.0 inches
(1–12.7 cm). Note number of dead standing shrubs.

Streambed surface grain size distributions characterized by collecting and analyzing sediment samples at
monumented cross-sections.

Distributions
of sediment
size classes

Longitudinal
proﬁle

Shrub and
sapling layer

Longitudinal proﬁle measured in conjunction with
monumented cross-sections. Horizontal distances
recorded to the tenths of feet (0.1 ft) and elevations to
hundredths of feet (0.01 ft).

Elevations
and
distances

Monumented
cross-sections

Riparian plant
community
structure

Description
Cross-section geometry measured at permanently
monumented transects. Horizontal distances recorded
to tenths of feet (0.1 ft) and elevations to hundredths of
feet (0.01 ft).

Variables

Elevations
and
distances

Parameter

Table 2. Summary of the critical monitoring parameters.
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B. MONITORING METHODS
1. Monumented Cross-sections
Purpose

Monitoring Design
Sampling Protocol
1. Define the monitoring reach.
Defining the length of the stream monitoring reach is
the first step in conducting cross-section surveys. Upstream of the barrier, the monitoring reach should, at
a minimum, include the length of the impoundment
and a representative portion of undisturbed reach upstream of the barrier (e.g., a reach length of approximately 10 channel widths). The downstream monitoring reach is less easily defined because the length of
reach physically impacted by the barrier, and/or its
removal, is not generally known precisely beforehand.

M

M

M

M

M

M

Karla Garcia / NOAA Restoration Center

Minimum Equipment
q Automatic level (surveyor’s level) or laser level
q Leveling rod in English (to tenths and hundredths)
or metric units, preferably 25-foot length
q Measuring tape in same units (300 ft or 100 m)
q Field book with waterproof paper
q Data sheets (see Appendix E)
q Pencil
q Permanent marker
q Two-way radios
q Topographic maps and/or aerial photographs
q Chaining pins
q Flagging tape
q Machete
q Wood survey stakes
q 4 ft (1.2 m) steel rebar stakes
q Hacksaw
q Small sledge or mallet
q Spring clamps
q GPS
q Compass

This section describes how to establish and survey
permanent (i.e., monumented) stream cross-sections
for long-term monitoring. It identifies the equipment
needed, describes the basic protocol, discusses the frequency with which the cross-sections should be re-surveyed, and presents some site-specific considerations.
This section does not provide detailed instruction on
basic surveying techniques, such as conducting a level
survey. For a more complete treatment of stream surveying techniques, see Harrelson et al. (1994).

M

Installing a monument.
Monument M
Cross-section

Impoundment

Reference
reach

Downstream
reach

M

M

M
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Figure 1.
At minimum, monumented
cross-sections should be
established immediately upstream and downstream of
a stream barrier, at bridges,
in the impoundment, and upstream and out of the inﬂuence of the impoundment. The
number and location of cross
sections will depend on sitespeciﬁc conditions. Figure not
to scale.
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This length can be estimated, or the downstream limits
can be identified based on other project considerations
such as downstream habitats of concern, infrastructure,
or locations of hydraulic or geomorphic controls such
as bridges, outcrops, or knickpoints.

2. Determine number and location of cross-sections.
Once the length of the monitoring reach has been
identified, the monitoring team must determine the
number of cross-sections needed to adequately represent that reach. The most easily identifiable locations
are those areas where infrastructure in the floodplain
is likely to be impacted by the project. For example,
cross-sections should be established immediately upstream and downstream of the barrier and at bridges
within the identified project reach. There also should
be cross-sections representing the impoundment (see
Site Specific Considerations below), at least one in the
undisturbed reach upstream of the impoundment, and
at any locations judged to be sensitive to disturbance
or of high habitat value. The engineering and geomorphic analyses used to plan the barrier removal should
be consulted to identify critical locations. If present in
the monitoring reach, cross-sections should be established at existing, monumented cross-sections and/or
stream gage locations (Figure 1).
The choice of other cross-section locations should
be based on the number of physically homogeneous
stream reaches within the monitoring reach—those
with similar slopes, bed and bank material, floodplain/
terrace sequences, riparian vegetation, and channelforming processes (Simon and Castro, 2003). For example, the number of cross-sections representing pools,
riffles, meander bends, straight reaches, and flow divergence should closely approximate their proportion
in the entire monitoring reach. Identification of these
sub-reaches or cross-section types should begin with a
pre-field inspection of available topographic maps, aerial photographs, surficial/bedrock geology maps, soil
surveys, and other relevant information. In addition to
subsequent field inspection, you may want to perform
and plot a longitudinal profile to use in selecting crosssection locations (see section IV.B.2). Reviewing these
data will be valuable for identifying reaches with similar physical characteristics and dominant processes.

3. Locate and establish the cross-section monuments.
At each cross section, establish the permanent markers for both endpoints by driving a ½-inch-diameter,
4-foot rebar stake either flush with the ground or ½
inch above the surface. You may want to cover the tops
of the stakes with colored plastic caps available from
28
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survey suppliers and use different colors to distinguish
different cross-sections (Harrelson et al., 1994). Be sure
to note the color associations in the field book. The
cross-sections should be straight and perpendicular to
the bankfull flow direction, and they should extend
across the floodplain/riparian zone to the first terrace
or as far as practicable.
To facilitate locating each cross-section for future
surveys, establish the horizontal position of the monuments via GPS and one other method. You can fix the
position of monuments by taking a bearing and measured distance to the benchmark (see step 4 below), or
by triangulating between the monument, benchmark,
and another permanent feature on site (e.g., large,
healthy tree or bedrock outcrop) (Harrelson et al., 1994;
Miller and Leopold, 1961). If the benchmark is not visible from a given cross-section, triangulate with two
permanent features. The GPS coordinates of each monument will facilitate mapping the cross-section locations in GIS. Once located, depict the cross-sections on
a scaled map or aerial photograph of the project area.

4. Locate or establish the benchmark.
Once the cross-sections have been established, you
must either locate, or establish, a local benchmark for
the site. This is a permanent marker of known, or assumed, elevation that functions as survey control and
the survey starting point. The U.S. Geological Survey
(USGS) and other entities historically involved in developing geodetic control networks have benchmarks
throughout the country. If one is available at your site,
use it. They are typically found on stable site features
such as bedrock outcrops; the tops of large, embedded
boulders; and bridges.
In the event that a USGS or other geodetic control
benchmark is not present in reasonable proximity to
the project area, you will need to create a local, or project, benchmark. This offers the opportunity to establish
it in a location that is advantageous for the survey;
that is, locate it at a point relatively high on the site
and visible from most, or at least many, of the permanent cross-sections. You can do so by driving a rebar
stake 3 or 4 feet into the ground, chiseling a mark in
an outcrop feature or stable boulder, or other means
described by Harrelson et al. (1994). Be sure to describe
its location in the field book and establish its coordinates with GPS. Always record the horizontal datum
employed by the GPS (e.g., NAD 83). If you establish a
benchmark, it is conventional to assign it an arbitrary
elevation of 100 feet. Alternatively, the benchmark can
be tied into an established vertical datum (e.g., NAVD

www.gulfofmaine.org /streambarrierremoval
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Figure 2. Basic channel and valley features of an unimpacted (reference) stream reach. Note that some features, such
as the bankfull elevation, will not be identiﬁable in the impacted project reach or in all reference reaches.

88) or referenced to mean sea level for projects in areas
subject to tidal influence. The horizontal and vertical
datums used for the cross-sections should be used also
for the longitudinal profile.

5. Set-up the survey instrument and tape.
If possible, set up the survey level in a location from
which the local benchmark and all points of one or
more cross-sections are visible. Though one or more
cross-sections might be shot from one instrument station, to complete all cross-sections for your site you
may need to set up two or more instrument stations.
From each new instrument station you will need to
take backsights on the benchmark (see below), if it is
visible, or from turning points if it is not (Harrelson et
al., 1994). A machete can be useful to trim low-hanging
branches or other vegetation and decrease the number
of times you need to move the instrument, but you
should avoid cutting large amounts of vegetation for
this purpose to minimize property and habitat impacts.
At each cross-section, stretch a tape as taut as possible
between the monuments. It can be attached to the
monument itself with spring clamps, to a shorter rebar stake driven next to the monument with 6 inches
exposed for easier attachment, or with chaining pins
(Harrelson et al., 1994).
If you are using an optical surveyor’s level (auto-level),
the person operating the level will make and record
the rod readings while the rod person will choose the
survey points and call out the lateral distances to the
level operator. Lateral distances are referenced to the
left bank monument, which is the cross-section zero
www.gulfofmaine.org /streambarrierremoval

(left bank is referenced as the left bank looking in the
downstream direction). A third person dedicated to recording all readings and descriptions in the field book
is recommended and will be necessary for surveying
the impoundment with a boat (see Site Specific Considerations below). One advantage of using a laser level is
that one person can execute the cross-section survey (or
two for impoundment surveys).

6. Survey the cross-section.
Begin with a rod reading on the benchmark. This
“backsight” will be added to the elevation of the benchmark to establish the “height of instrument” (HI). All
“foresights” on cross-section locations will be subtracted from the HI to obtain the elevation of those points
(Harrelson et al., 1994). The first foresight will be taken
at the left bank monument. From there, take readings at all breaks in slope and especially at significant
geomorphic features as you make your way across the
valley (e.g., bankfull, bank top, bank toe, bar tops, edge
of water, thalweg), describing each feature in the notes
for the respective reading (Figure 2). Capture features
such as woody debris and bank-failure deposits, and record in the notes important changes in substrate type.
Also make notes about the nature of the vegetation,
especially its structure (e.g., trees, shrub, herbaceous;
see Section II.B.7 for the riparian plant community
structure method), and be sure to record the locations
where discrete changes occur. Adequately characterizing the complexity of the cross-section will typically
require a minimum of 30 to 40 rod readings. Larger
floodplains and more complex geometry can require
Stream Barrier Removal Monitoring Guide | 2007
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many more. Record the horizontal distances to tenths
of feet (0.1 ft) and elevations of benchmarks and turning points to hundredths of feet (0.01 ft). Cross-section
elevations are also recorded to hundredths of feet.

Karla Garcia / NOAA Restoration Center

verse the impoundment. The determination of whether
cross-section data in an impoundment can be acquired
by wading or using watercraft must consider the depth
of the impoundment and suitability of sediment for
wading. Impounded sediments may be unconsolidated,
Bear in mind that identifying a bankfull channel will
fine-grained material with saturated interstitial spaces,
be most applicable to the cross-section(s)
making them very soft and incapable
upstream of the hydraulic influence of
of supporting a wader. In such condithe impoundment that represent the
tions, it will be necessary to obtain the
un-impacted channel reach. The bankdata from a boat. Depending on the
full channel is adjusted to an approxinature and depth of the impoundment,
mately 1.5- to 2-year recurrence interval
surveying cross-sections within it can
discharge and the prevailing sediment
be accomplished either by employing
transport conditions (Leopold et al.,
the methods described in the previ1964). Because water flow and sediment
ous section and taking rod readings
discharge conditions will, in most cases,
at fixed intervals from a small boat,
be changing at a barrier removal site, a
or by using a fathometer from a boat
persistent bankfull channel likely will
navigated along the transect and innot be identifiable in the monitoring
tegrating the readings with the rod
Monument at a cross-section.
reach. This may also be true of the refreadings on shore via GPS positioning.
erence reach, especially in watersheds with changing
If you are taking rod readings from a small boat, you
land use. See Harrelson et al. (1994) for a good discuswill need to take care in positioning the rod and try to
sion about field identification of the bankfull channel.
make sure the rod rests on top of the sediments and
The USDA Forest Service Stream Systems Technology
does not sink into soft substrate. At least two people are
Center (2003) also produces a video specifically geared
needed for boat work—one to work the survey rod and
towards field identification of the bankfull channel in
the other to station the boat.
the eastern United States (www.stream.fs.fed.us/publications/videos.html).
Analysis and Calculations
The data from a cross-section survey are elevations and
Sampling Frequency
distances. Horizontal distances are recorded to tenths
Pre-removal surveys are essential for comparison with
of feet (0.1 ft) and elevations of benchmarks and turnpost-removal data to assess channel and floodplain reing points to hundredths of feet (0.01 ft). Cross-section
sponse. Pre-removal surveys may be most easily accomelevations are recorded to hundredths of feet. These
plished if the impoundment can be drawn down before
data should be recorded in standard level-survey notaremoval (see Site Specific Considerations below), such
tion (see Cross-Section Survey Data Sheet in Appendix
as during project feasibility studies. In any case, for
E). Harrelson et al. (1994) also provide a nice graphic
efficiency purposes, selection of the long-term moniexample of proper field book notation for level surtoring cross-sections and pre-removal data collection
veys. The horizontal and vertical datums of the survey
should be integrated with any planned feasibility work.
must always be recorded (see Site Information Data
As a general guideline, post-removal re-surveys should
Sheet in Appendix E). The distances and elevations
occur annually, or every other year, for at least 5 years.
can be plotted manually on graph paper as ‘x’ and ‘y’
However, sampling frequency and duration should
coordinates, respectively, or brought into a spreadsheet
reflect project objectives and site conditions. For exprogram for plotting and analyses.
ample, sites with great amounts of loose sediment may
require more frequent sampling over a longer period
Additional Information
than sites with bedrock channels or beds dominated by
Harrelson et al. (1994) provide an excellent reference
coarse materials. At a minimum, the frequency should
for basic survey techniques and for specific informaconform to any regulatory requirements. The monution on conducting cross-section and longitudinal proments should be recoverable for much longer so that
file re-surveys. We strongly recommend that readers
longer-term studies of channel evolution are possible.
with minimal experience consult this reference. It also
is a useful review for those with more experience.
Site-speciﬁc Considerations
Some of the pre-removal cross-sections will need to tra-
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2. Longitudinal Proﬁle
Purpose
This section describes how to survey the longitudinal
profile of the channel thalweg at your monitoring
reach. It identifies the equipment needed, outlines
the basic protocol, discusses the frequency with which
the profile should be re-surveyed, and presents any
site-specific considerations. As with the monumented
cross-section method (see Section IV.B.1), this section
does not provide detailed instruction on basic surveying techniques. See Harrelson et al. (1994) for a more
complete treatment of this subject.

Monitoring Design
Sampling Protocol
1. Define the monitoring reach.
This must be accomplished before surveying the
longitudinal profile and the cross-sections. See Section IV.B.1 for general guidelines. Your longitudinal
profile should extend the length of the monitoring
reach, beginning at a stable channel feature (e.g., riffle)
upstream of the impoundment. Your profile should
always begin upstream of the uppermost cross-section
and should continue to the lowermost cross-section
and include survey shots at the thalweg of all monumented cross-sections.

Minimum Equipment
q Automatic level (surveyor’s level), laser level, or
total station
q Leveling rod in English (to tenths and hundredths)
or metric units, preferably 25-foot length
q Measuring tape in same units (300 ft or 100 m)
q Field book with waterproof paper
q Data sheets (see Appendix E)
q Pencil
q Permanent marker
q Two-way radios
q Topographic maps and/or aerial photographs
q Chaining pins
q Flagging tape
q Machete
q Wood survey stakes
q Small sledge or mallet
q Spring clamps
q Compass

Figure 3. A longitudinal proﬁle surveyed pre-project at Kamrath Creek, Wisconsin. The survey points for a channel
bed longitudinal proﬁle are taken at the deepest point in the channel, i.e., the thalweg (see Figure 2).
Proﬁle plot courtesy of Brian Graber.
www.gulfofmaine.org /streambarrierremoval
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2. Set up the survey instrument.
If possible, set up the level in a location from which
the benchmark, and as much of the monitoring reach
as possible, is visible (See Section IV.B.1, step 4, for information on benchmarks). You may want to consider
setting up the instrument in the channel, if the flow
and bed conditions permit (Harrelson et al., 1994).
Choose instrument locations carefully to minimize the
number of times you need to reposition.
3. Establish the stationing.
Downstream distance should be measured along the
channel thalweg. A straightforward method is to station the channel with a baseline along one bank. The
downstream distance of each survey shot is measured
as the right-angle projection from that location to the
baseline on the bank.
The baseline can be established by two people measuring along the stream thalweg with a tape, while someone on shore drives, and clearly marks, wooden survey stakes at regular intervals (commonly a channel
width). The purpose of the stationing stakes is to make
estimating distances easier. They do not necessarily
mark the locations of actual survey shots. See Harrelson et al. (1994) for further information on stationing.
Using a total station with a GPS interface, if available,
can make stationing unnecessary and considerably
simplify profile completion. These units can “fix” the
horizontal position of survey shots in known datums
such as NAD 83 for subsequent plotting in GIS and
calculating distances. Total stations and laser levels are
also advantageous for profile surveys because of the
long distances over which they can obtain shots (Simon
and Castro, 2003).

4. Survey the profile.
Begin with a rod reading on the benchmark to determine the height of the instrument (HI) (see Section
IV.B). Then take readings along the thalweg (i.e., deepest part of the channel) at important bed features (e.g.,
pools, riffles, bedrock sills, woody debris), measuring downstream distance using the baseline. Include
enough shots to well define each feature (Simon and
Castro, 2003). It is particularly important to determine
the highest elevation at pool-riffle (and/or run) transitions.
Along with distances and elevations, record in the field
book details about the feature being measured and the
locations of important changes in substrate type. Also,
take elevations of the water surface at each bed elevation measurement. This can be done easily by taking
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the elevation of the water’s edge closest to the thalweg
along the projection to the baseline. Move the instrument as needed to complete the profile.
Sampling Frequency
As with the cross-section surveys, a pre-removal longitudinal profile may be accomplished most easily
during an impoundment draw-down and should be
integrated with any planned feasibility work (see Site
Specific Considerations below). As a general guideline,
post-removal re-surveys should occur annually, or every other year, for at least 5 years. However, sampling
frequency and duration should reflect project objectives and site conditions. At a minimum, the frequency
should conform to regulatory requirements. Note that
follow-up surveys should trace the post-barrier removal
thalweg, which may not be in the same horizontal position as the pre-removal thalweg.
Site-speciﬁc Considerations
A portion of the pre-removal longitudinal profile will
run through the impoundment. As with the cross-sections, this may require a boat and should be done with
great care. See Site Specific Considerations under Section IV.B.1 for general guidelines and considerations.

Analysis and Calculations
The data from a longitudinal profile survey are elevations and distances. Horizontal distances are recorded
to tenths of feet (0.1 ft) and elevations of benchmarks
and turning points to hundredths of feet (0.01 ft).
Profile elevations are recorded to hundredths of feet
as well. These data should be recorded in standard,
level survey notation (see Longitudinal Profile Survey
Data Sheet in Appendix E). Harrelson et al. (1994) also
provide a nice graphic example of proper field book
notation for level surveys. The horizontal and vertical
datums of the survey must always be recorded (see
Site Information Data Sheet in Appendix E). The
distances and elevations can be plotted manually on
graph paper as ‘x’ and ‘y’ coordinates, respectively, or
brought into a spreadsheet program for plotting and
analyses (Figure 3).

Additional Information
Harrelson et al. (1994) is an excellent reference for
basic survey techniques and for specific information
on conducting cross-section and longitudinal profile
re-surveys. We strongly recommend that readers with
minimal experience consult this reference. It also provides a useful review for those with more experience.
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3. Grain Size Distribution
Purpose
This section presents methods for characterizing
streambed surface grain size distributions by collecting and analyzing sediment samples at a stream channel cross-section. It identifies the equipment needed,
outlines the basic protocol, discusses the sampling frequency, and presents site-specific considerations.

Monitoring Design
As with any sampling effort, surface sediment sampling aims to characterize a larger population of bed
materials for which a complete census is impractical.
To do so, a sample must be random, comprise enough
grains for an adequate sample size, and be drawn from
a homogenous streambed area. For streams with beds
dominated by sand size sediments and finer, it is relatively easy to obtain a large enough sample that can be
analyzed in the lab. There, sandy sediments are dried
and passed through progressively finer sieves and the
weights of materials retained on sieves of particular
size classes are recorded. Finer fractions must be separated by sedimentation (e.g., hydrometer or pipette),
elutriation, or centrifuge separation (Kondolf et al.,
2003). With the weights obtained of the various size
fractions, the grain size distribution is then presented
as cumulative percent finer by weight.
For gravel-bed streams, however, the requisite sample
sizes are too large to be transported off-site and are
impractical to sieve in the field. To address this problem, geomorphologists have developed field-sampling
techniques that require no lab analyses. The most enduring protocol was developed by Wolman (1954) and is
referred to as a Wolman Pebble Count. Put simply, this
method prescribes randomly collecting and measuring
at least 100 particles from a homogeneous area of the
streambed. From these data, a grain size distribution
is developed as the cumulative frequency of numbers
of stones of different size classes. If the sampled stones
are of the same density, which will be true if sampling
one lithology, the results obtained will be comparable
to a distribution by weight (Kondolf et al., 2003). [If the
bed of your cross-section is composed of heterogeneous
composition of bed material sizes, or facies (determined by eye), the sample can be improved by collecting 100 particles from each facies and calculating a
weighted average grain size distribution with estimated
proportions of the bed occupied by each facies. See
Kondolf et al. (2003) for a more complete treatment of
how to handle a cross-section with mixed populations
of bed materials.]
www.gulfofmaine.org /streambarrierremoval

Minimum Equipment
q Measuring tape in same units as rod (300 ft or 100 m)
q Ruler marked in millimeters
q Gravel template (optional)
q Field book with waterproof paper
q Pencil
q Chaining pins
q Data sheets (see Appendix E)

There are differing standards in the literature regarding the proper sample size for Wolman Pebble Counts,
sources of error in conducting them, and ways to
improve sampling technique to reduce those errors
(see Brush, 1961; Hey and Thorne, 1983; and Fripp and
Diplas, 1993 for more discussion). We do not present
varying standards here but have adopted some recent
modifications to the Wolman Pebble Count that are
designed to address observed deficiencies. We also prescribe collecting a minimum of 100 particles, recognizing that collecting larger sample sizes—up to 300 or
400—could improve results (Olsen et al., 2005, Rice and
Church, 1996). Within the context of this Monitoring
Guide, we do not feel the precision gained merits the
extra effort required, although we do encourage collecting a larger sample size if project resources permit.
Sampling Protocol
Because the bed sediment characteristics of a given
barrier removal stream reach are not typically known
beforehand, nor is the variability between cross-sections, the following protocols address sampling of beds
dominated by 1) sand-size and finer sediments or 2)
gravel. Note that both methods may be relevant to a
given project, particularly for pre-project monitoring
of proposed dam removal sites (see Site-specific Considerations below).
At a minimum, collect a bed material sample for at
least one of each cross-section type representing physically distinct stream reaches in the monitoring reach
and at cross-sections where important infrastructure or
habitat zones are located. In all likelihood, this means
you will collect bed material samples for only a subset
of the cross-sections you re-survey.
At all sampled cross-sections, samples should be collected from within the normal low flow channel unless
particular study objectives require characterizing the
bed of the larger bankfull channel. In these situations,
Stream Barrier Removal Monitoring Guide | 2007
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sample between the toe of bank on each side of the
stream (some of which may be dry at sampling time).

Cross-sections Dominated by Fine Sediments
(Sand Size and Finer)
At these cross-sections, each sample point should be
composed of approximately one liter of surface sediments for laboratory evaluations (i.e., a bulk sample).
On exposed beds or bars samples can be obtained with
a trowel or shovel. A variety of bed material samplers
(e.g., grab samplers) can be used for sample acquisition
under water. The number and location of samples required to characterize the cross-section will depend on
how heterogeneous the bed material is in that stream
reach (Kondolf et al., 2003). If multiple samples are
required to characterize a heterogeneous cross-section,
compositing those samples for laboratory analyses
may be appropriate.
Cross-sections Dominated by Gravel
1. Perform a pebble count at each selected cross-section
after a cross-section survey is performed to make use of
the tape already stretched across the channel.
2. Assign a sampler to collect and measure the particles
and a reader to record the results. The sampler calls
out the measurements to the reader. The reader repeats
back each measurement as a quality control check.
3. The sampler will walk back and forth along the
transect, and perhaps 2 to 4 others closely paralleling
the transect, reaching down at regular intervals to pick
up a particle near the tip of their boot. The intervals
should be scaled to the length of the transect(s) such
that 100 particles will be collected. For example, if the
transect length is 10 meters and the sampler’s stride
is a half meter, approximately 20 samples will be collected with each bank-to-bank sampling pass, and at
least 5 passes will be required to obtain a minimum of
100 samples.
4. As the sampler’s finger falls to the bed to pick up the
particle, the sampler should not look at the stream bottom to avoid bias toward selecting larger particles. The
sampler should pick up the first particle encountered.
Do not count organics such as wood fragments or other
detritus. If the sampler touches fine material that is
clearly less that 4 mm, the sampler should simply call
out “fines” to the reader who will record the occurrence
in the < 4 mm size class (see Table 3 in Analysis and
Calculations below). For larger particles, the sampler
measures the particle’s “b-axis” in millimeters (mm)
and calls out the measurement to the reader.
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A
B
C

Figure 4. Particle axes (from Potyondy and Bunte, 2002).
A = Longest axis (length)
B = Intermediate axis (width)
C = Shortest axis (thickness)

The b-axis can be identified by first finding the long
axis (A), then the short axis (C), and finally the intermediate axis (B) that is perpendicular to both the A
and C axes (see Figure 4). The b-axis is the axis that
governs whether a particle will fit through a sieve
mesh of a given size, so measuring it gives results
most comparable to a standard sieve test. The particle
can also be measured using a particle size template
or “gravelometer” (Potyondy and Bunte, 2002). Doing
so can reduce observer error in measuring the b-axis.
Whichever measurement method is employed, either
ruler or gravel template, be sure to consistently use
that method from year to year throughout the monitoring period so that results are directly comparable.
5. Repeat this procedure until at least 100 particles have
been collected.
Sampling Frequency
Sampling should be conducted at the same frequency
as the cross-section surveys (see Section IV.B.1) and performed during wading-depth stream conditions.
Site-speciﬁc Considerations
For dam removal sites, bed material samples should
be collected from at least two cross-sections in the impoundment: one representing the upper impoundment
and another representing the lower impoundment.
Impounded sediments will frequently be sand-size and
finer deposits that need to be collected as bulk samples
from a boat with a grab sampler or other similar device
(see above). As with other cross-section sampling locations, the number and location of samples at a crosssection will depend on the heterogeneity of the bed
material there. If the general location of the post-removal channel is also known, this information should
influence the choice of sampling locations.
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For many dam removal projects, feasibility studies
will include contaminant sampling of sediments in
the impounded area. For efficiency purposes, the longterm bed sediment monitoring program should be
coordinated with any such investigations so that some
of the contaminant sampling locations are coincident
with at least one long-term monitoring transect and to
ensure that the samples are analyzed in the laboratory
for grain size.

Analysis and Calculations
The data from a pebble count are simply counts of particles in different size classes. For example, a particle
with a b-axis measuring 100 mm will be recorded in
the row marked “<128” on Table 3 and a particle measuring 65 mm will be marked in the “<90” row. In the
office, hash marks can be tallied and the percent frequency and cumulative percent finer can be calculated
with a spreadsheet program. The cumulative percent
finer can be plotted as shown in Figure 5. The results of
fine sediment bulk samples sent to the lab should be
reported in a similar manner.

Additional Information
Kondolf and others (2003) provide a good overview
of bed sediment sampling in general. Bunte and Abt
(2001) and Kondolf (1997) should be reviewed for a
more thorough treatment of sampling coarse-grained
bed sediments.

Table 3. Example spreadsheet developed from ﬁeld notes.
Note that the ﬁrst and second columns are the only columns
needed in the ﬁeld book. Note also that recording counts as
hashes in the second column builds a histogram in the ﬁeld.
Size Class
(mm)

Count

Count

Frequency
(%)

Cumulative
% Finer

>=256

7

7

100

<256

11

11

93

<180

16

16

82

<128

15

15

66

<90

10

10

51

<64

11

11

41

<45

8

8

30

<32

7

7

22

<22.6

2

2

15

<16

3

3

13

<11.3

2

2

10

<8

1

1

8

<5.6

0

0

7

7

7

7

100

100

<4
Totals:

Karla Garcia / NOAA Restoration Center

Figure 5. Cumulative frequency curve generated
from pebble counts.

Bed sediments downstream of a dam in New Hampshire.
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4. Photo Stations
Purpose
Maintaining a standardized photo/video monitoring
record of stream barrier removal projects can serve
multiple purposes, from tracking the visual changes
of a site over time to satisfying grant and regulatory
requirements. Photographs used for stream restoration
monitoring can capture various physical and biological
conditions such as changes in riparian vegetation or
changes in channel features. Photographic images of
pre-and post-restoration conditions can showcase project successes and can be used to promote future restoration projects. This section describes how to conduct
standardized photo monitoring specific to stream barrier removal projects in the Gulf of Maine watershed.

Monitoring Design
A critical component of photo monitoring is ensuring
that key landscape features are represented at a scale
and resolution that is legible and reproducible. Another critical component and perhaps the most complicated aspect of this relatively simple monitoring procedure is being able to locate each photo station over
multiple years and reproduce the same vantage point.
Detailed documentation is essential to capturing adequate information for resurveying each photo station.
Sampling Protocol
The length of time required to complete photo monitoring will depend upon the size of the site and the

M

M

M

M

M

Minimum Equipment
q Digital camera (preferred speciﬁcations: optical
zoom, video function, >3 megapixel resolution)
q Extra batteries (digital-camera grade)
q Compass with degrees
q Site plans, topo maps, aerial photos
q Timepiece
q Field notebook or sketch pad
q Pencils and pens
q Data sheets (see Appendix E)
q Tape measure
q GPS unit (optional)
q Monumenting material: stakes, rebar, hammer,
ﬂagging (optional)
q Stadia rod (optional)
q Chalk board/white board (optional)

scale of monitoring efforts. For quality assurance,
photo monitoring is best accomplished with two
people. A field partner, equipped with a stadia rod and
whiteboard can provide scale to a photograph and convey critical site information. Prior to establishing photo
stations in the field, you should chart out potential stations on a site plan, topographic plan, or aerial photo.
Ideally this plan should include cross-sections and
physical features of your site. Before permanent photo

M

M

Figure 6.
Establish photo stations along
monumented channel cross
sections. Photo stations should
be described as distances from
Impoundment monumented cross-section
endpoints or other permanent
landmarks. A compass bearing
of the direction of each photo
Downstream
should also be recorded. The
reach
number and location of photo
Downstream
stations will depend on sitereach
speciﬁc conditions. Figure not
to scale.

Impoundment

Reference
reach

Monument M
Cross-section
M
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Photo view
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stations are established, a brief reconnaissance of the
site should be conducted to confirm the suitability of
predetermined sites.
Locations of photo stations should be described as
distances and/or bearings from other known points
such as cross-section endpoints or other permanent
landmarks. Geographic context of each photo should,
at minimum, include: left bank, right bank, upstream,
downstream (left and right bank determinations are
made facing downstream). Photo station locations
should be selected to take advantage of complimentary
light, include long-term reference points (buildings or
permanent landscape features), and be easily accessible
for post-restoration monitoring. Once permanent stations are decided upon, these locations should be monumented with staking, if possible. Flagging can also
be used but should be considered a temporary means
to mark a photo station. Date-stamping digital photographs can be helpful, but it can be problematic if the
date stamp obscures important parts of the image.
The following views are recommended:
• Upstream and downstream view of the barrier.
• Upstream and downstream view from the barrier.
• Across the barrier from left bank to right bank and
vice versa.
• Across and along monumented cross-sections
from both cross-sectional end points, including
floodplain and riparian wetlands.
• Along the longitudinal profile.

time to take pre-restoration photos or videos is during
leaf-out so landscape features and physical structures
are clearly visible, unless the goal of the photo and video record is to document vegetation changes. In that
case, specific emphasis should be on the flowering periods of signature riparian plants. We recommend that
pre-restoration photo monitoring include both leaf out
and full vegetation in the year preceding restoration.
Post-restoration photo monitoring is recommended
for 1, 2, and 5 years after the restoration project (Table
4). Photo monitoring during construction is equally
important as pre-and post-restoration monitoring and
can be used to capture short-term changes in ecosystem conditions; inform the efficacy of implementation
techniques; confirm implementation success; and support as-built design plans.
Site-speciﬁc Considerations
The scale of the project will dictate how photo monitoring is done. For example, it may be difficult to
portray adequately a large impoundment with normal
photography, in which case aerial photography should
be considered. Aerial photography can be used to determine landscape feature changes such as large-scale
changes in impoundment area, stream-course narrowing, thalweg configuration, and large-scale vegetation
changes. Historical aerial photographs can illuminate
important landscape changes, which is particularly useful for informing pre-restoration decisions.

Analysis and Calculations
Appropriate documentation and organization is necessary to store and properly manage digital photos. The
photo log form should be filled out if any photos are
taken (see Appendix E). Each photo station should be
marked on a plan or sketch with arrows indicating
direction or compass bearing of the photo (Figure 6).
Once uploaded, picture files should be properly labeled
and stored in appropriate folders labeled by site name
and date. Metadata should be stored with pictures.

Special emphasis should be paid to the following:
• Ecosystem features such as wetland plant
communities, floodplains, riparian vegetation,
streambanks, meanders, depositional/erosional
features, flow-diverting structures, riffles, pools,
and large woody debris.
• Events such as barrier removal, high-water
conditions, low-flow conditions, and any other
noteworthy natural or anthropogenic events.

Additional Information
Sampling Frequency
At a minimum, pre-and post-project photo monitoring
is needed to create a valuable image record. The best
Table 4.

These methods for photo monitoring of stream barrier
removal monitoring projects were informed by Collins
(2003), Landry (2002), and Hall (2002).

Recommended photo-monitoring timeline for stream barrier removal projects.

Project phase
Year
Timing of photo
monitoring

Pre-restoration

Restoration

–1

0

Full
vegetation

Leaf
out
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Multiple times
throughout

Post-restoration
1
Full
vegetation

2
Leaf
out

Full
vegetation

5
Leaf
out

Full
vegetation

Leaf
out
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5. Water Quality
Purpose
Aquatic organisms such as fish and macroinvertebrates
have varying tolerances to dissolved oxygen, temperature, conductivity, salinity, and pollution. Measuring
water quality parameters at a barrier removal site
offers insight regarding the quality of habitat available and the species that can be supported at that site.
Conductivity data can show evidence of pollution and
groundwater sources of surface water. Salinity, when
measured at an intertidal barrier, may be used predict
the aquatic species as well as vegetation that may colonize an area after the barrier is removed.
This section describes how to measure temperature,
dissolved oxygen (DO), conductivity, and salinity at
a barrier removal site. We recommend that the user
monitor these parameters at least once per week for
eight weeks during August and September (see Sampling Frequency below for further discussion). Monitoring should be done as close to dawn as possible. This
monitoring design will allow the user to describe how
a barrier is impacting water quality at a site and how
conditions change with barrier removal. This design is
intended as a minimum, and the user may choose to
conduct more monitoring to answer questions specific
to a particular barrier removal project.

M

M

M

M

M

Minimum Equipment
q Pencils
q Clipboard
q Multi-parameter probe
q Equipment calibration solutions
q Data sheets (see Appendix E)
q Bucket (if necessary)
q Watch
q Air thermometer
q Chest waders
q Boat

Equipment Considerations
Water temperature, conductivity, and salinity are most
commonly measured using electrometric equipment.
Temperature, conductivity, and salinity probes and
meters are available from a number of vendors. Conductivity is often reported in terms of specific conductance (i.e., conductivity results that have been adjusted
to what it would be at 25°C). Most conductivity probes
have a feature that can automatically convert conductivity readings at any temperature to specific conductance values. Probes and meters are available that
measure all three of those parameters—temperature,

M

M

Figure 7.
Select a minimum of three
monumented cross-sections
to evaluate water quality: upstream of the impoundment
inﬂuence, deepest point within
the impoundment, and immediately downstream of the
barrier. Water quality should be
evaluated at mid-stream and
mid-depth for Sites A and C and
at the deepest point for Site B.

Impoundment
B

A

C

Reference
reach

Downstream
reach
Monument M
Cross-section
Water quality
monitoring site

M
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conductivity, and salinity—plus dissolved oxygen (DO)
(see below). Calibration, use, and maintenance will vary
among equipment and between manufacturers. Careful treatment and regular equipment maintenance
are essential for accurate data collection. Salinity need
only be measured if barrier removal is occurring in an
intertidal area and the removal is expected to restore
tidal flow. If it is necessary to collect data along a vertical profile, be sure to purchase or secure the use of a
probe with a long cord so that the data can be collected
at the appropriate depth.
Two methods are commonly used for measuring dissolved oxygen: the Winkler method and the electrometric method. Each requires different equipment. The
choice of method depends on the desired accuracy,
convenience, staff training level, and available equipment. In general, the Winkler method is held to be
more precise and accurate than a meter and probe.
However, the results can be influenced in the field by
such factors as nitrite, organic matter, iron, and the
capabilities of the person collecting the data. A comparison of the two methods is beyond the scope of this
document; refer to sources such as Standard Methods
for the Treatment of Water and Wastewater (APHA,
2006) and the National Environmental Methods Index
(www.nemi.gov) for detailed information about both
methods.
The Winkler method is a titration procedure based on
the oxidizing property of dissolved oxygen (USEPA,
1983). Samples analyzed with the Winkler method can
be analyzed on site or fixed (stabilized), refrigerated,
and analyzed in the lab up to six hours after collection.
Several vendors sell kits that include the necessary
equipment, chemicals, and detailed instructions for
analyzing water samples. The user must read Material
Safety Data Sheets (MSDS) for all chemicals and take
safety precautions.
The electrometric method relies on the diffusion of
oxygen across a membrane located in a probe-based
sensor. Measurements must be taken either in the
stream or impoundment itself or immediately after
collection in a bucket. DO instruments are available
from a number of commercial vendors. The instructions for calibration, use, and maintenance may differ
from instrument to instrument and among manufacturers. Therefore, the user is encouraged to read the
instructions carefully and follow them closely. DO
probes in particular are extremely sensitive. Careful
treatment and equipment maintenance are essential
for accurate data collection. The U.S. Geological Survey

www.gulfofmaine.org /streambarrierremoval

offers a thorough discussion of dissolved oxygen equipment calibration in its National Field Manual for the
Collection of Water-Quality Data (Wilde, 2005). Note
that if DO is being measured in a saline environment,
a correction factor must be applied after the data are
collected.

Monitoring Design
This monitoring design is based on the cross-section
design described in section IV.B.1. The sampling design
will describe water quality conditions upstream of the
zone of influence of the barrier, just upstream of the
barrier, and downstream of the barrier. These data will
reveal how the barrier is affecting water quality before
barrier removal. After the barrier is removed, returning to the previously monitored sites will show how
barrier removal has affected water quality at the site.
Sampling Protocol
1. Identify three water quality data collection sites.
Site A should be upstream of the area influenced by
the barrier, preferably along the furthest upstream
cross-section (Figure 7). Water-quality data should be
collected mid-stream and at mid-depth.
Site B should be along a cross-section that traverses the
deepest part of the impoundment, and water-quality
data should be collected at the deepest point. If there
is no impoundment, Site B should be located along the
cross-section immediately upstream of the barrier.
Site C should be located along the cross-section just
downstream of the barrier. Water-quality data should
be collected mid-stream and at mid-depth (Figure 7).

2. Document location of each water-quality monitoring
site so user may return to sites in the future.
Describe the location of each monitoring site in relation to the cross-sections and in relation to any permanent markers or landmarks at the site, making sure
to note cross-section number. Document with GPS the
location of each monitoring site. Compile this information so that it can be accessed as necessary.
3. Prepare for field data collection.
Review the instruction manuals for each meter and
probe being used. Make sure that probes are undamaged and are functioning properly. Inspect electrical
connections and batteries. Install new batteries if necessary. Test calibration. Collect and inventory field equipment. If the Winkler titration method is being used, review the method, and make sure that the reagents have
not expired. Before handling chemicals, check Material
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Safety Data Sheets (MSDS) for safety precautions.

4. On the day of field data collection, calibrate the meters,
being sure to follow the manufacturer’s instructions.
Record all calibration data. Bring calibration solutions
into the field in case recalibration is necessary.
5. Collect water quality data.
Data must be collected early in the morning, preferably close to daybreak, in order to capture the lowest
dissolved oxygen readings of the diurnal cycle. The
USGS National Field Manual for the Collection of
Water-Quality Data (Wilde, 2005) has an excellent discussion of surface-water sampling. All data should be
collected in situ. Record the time of each water-quality
measurement.

Table 5.

Recommended precision and accuracy levels
for water quality data.

Parameter

Precision

Accuracy

Dissolved oxygen

+/- 2% or 0.2
mg/L, whichever
is greater

+/- 2% of initial calibration
saturation or 0.2
mg/L, whichever
is greater

Conductivity

+/- 5%

+/- 5% against a
standard solution

Temperature

+/- 0.2° C

+/- 0.2° C
(checked against
a NIST-certiﬁed
thermometer)

Sites A and C: Collect dissolved oxygen, temperature,
and specific conductance data mid-stream at middepth. Follow manufacturer’s instructions for meters
and probes. For the Winkler titration method, it will be
necessary to collect a water sample in a labeled “Biological Oxygen Demand” bottle.
Site B: If this site is located in an impoundment, collect a water-quality vertical profile. Collect dissolved
oxygen, temperature, and conductivity information
just below the surface of the impoundment and then
at foot-intervals below the surface until the probe is located just above the bottom of the impoundment.

Step 6. Maintain equipment.
After the field visit, clean equipment and conduct any
necessary maintenance.
Sampling Frequency
All data should be collected weekly for eight weeks
during August and September. Data should be collected early in the morning, as close to dawn as possible. This is necessary in order to collect information
on dissolved oxygen when it is at its lowest point in the
diurnal cycle.
Macroinvertebrate data will complement the waterquality data. If macroinvertebrate data are not being
collected, however, then water-quality data should
be collected weekly from June through October or
through continuous monitoring. Data should be collected at least one year prior to barrier removal at a
minimum, immediately after barrier removal, and
annually thereafter for five years. Additional waterquality monitoring prior to barrier removal projects is
preferred.
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Site-speciﬁc Considerations
If the barrier is located in an intertidal area, salinity
should be added to the monitoring protocols at all sites
before and after barrier removal. Refer to Lane and Fay
(1997) for guidance on safety procedures (e.g., sample
collection safety, wading in streams, boating safety,
chemical handling).

Analysis and Calculations
We recommend precision and accuracy levels for the
data collected rather than specific pieces of equipment.
Water-quality equipment varies widely in its precision and accuracy. State and provincial governments
may prefer different types of equipment, and project
budgets may vary. The user is encouraged to use
equipment available through project partners or that
fits their budget, as long as the data meet the recommended precision and accuracy guidelines (Table 5).
QA/QC samples should be collected at a frequency of 1
in 10, or 10%.

www.gulfofmaine.org /streambarrierremoval
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6. Riparian Plant Community Structure
Purpose
This section describes the equipment, sampling protocols, sampling frequency, and site selection considerations for monitoring of the riparian zone plant
community. Parameters include species abundance,
composition, percent cover, stem density, and basal
area. These parameters describe the riparian plant
community and identify changes in the riparian zone
that may occur over time.

Monitoring Design
A plant community is an association of plant species
in a given place. Community structure is inclusive of
all plants that occur in the tree, sapling and shrub, and
ground cover (vine/liana and herbs) vegetative layers.
The composition and percent areal cover of plants, as
well as their general condition with respect to both
native and non-native species, describes riparian plant
communities. Collecting and analyzing plant community data following well-recognized methods, such
as the step-by-step protocol listed below, provides the
basis for documenting these communities for purposes
of their protection, conservation, and/or restoration. A
data sheet that is specific to the protocol outlined below is provided in Appendix E. We recommend using it
for your site assessments.
M

M

Minimum Equipment
Riparian vegetation monitoring requires relatively limited
equipment but should be conducted by persons trained in
botany, ﬁeld plant identiﬁcation, and the use of systematic keys for plant identiﬁcation. Field equipment should
include, at a minimum:

q Laminated, scaled maps (e.g., NWI, soil survey maps)
or aerial photographs, protected in clear, resealable
plastic bag or folder, depicting the stream/river reach,
riparian study area, and bordering uplands
q Field notebook, pencils, waterproof permanent
markers, and clipboard
q Data sheets (see Appendix E)
q Tape measure (100 ft or 300 ft open-reel ﬁberglass
tape)
q Meter stick for measuring plant heights
q Rebar or wooden survey stakes to serve as permanent
monuments/markers to identify transect endpoints
and plot locations
q Diameter at breast height (DBH) tape to measure trees
q Camera and photo monitoring data sheets
q Resealable plastic bags for plant specimens
q Hand lens for keying-out plants
q Plant identiﬁcation keys
M

Forested wetland
Shrub and sapling
wetland
Emergent wetland
Floating emergent or
submerged aquatic wetland
Impoundment

Vegetation transect

Reference
reach
Downstream
reach

M

M

M

Vegetation sampling station
Monumented cross-section

M

Figure 8. Establish 3 vegetation monitoring transects within the reference reach, 3 transects within the impoundment reach,
and 2 transects in the downstream reach. A transect that spans the channel and both banks should be counted as 2 separate
transects. At least 1 transect should coincide with, but be offset from, a monumented cross-section for each reach. The number and location of transects and vegetation sampling stations will depend on site-speciﬁc conditions. Figure not to scale.
www.gulfofmaine.org /streambarrierremoval
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Sampling Protocol
The goal of this protocol is to characterize riparian vegetation by sampling permanent vegetation monitoring
stations along permanent transects. Transects should
be established within each of the three reaches: 1) the
reference reach upstream of the barrier’s influence;
2) the impoundment or reach affected by the barrier;
and 3) the reach downstream of the barrier. Along each
transect, sampling stations are selected to characterize the vegetation within general cover types such as
floating emergent and submerged aquatic vegetation;
emergent wetlands; scrub/ shrub wetlands; and forested wetlands. The instructions below describe where
to locate the transects and sampling stations and how
to sample the vegetation at each station.

1. Identify vegetation cover types present at the barrier
removal monitoring site.
Using aerial photos and field visits, identify cover
types (tree, shrub, vine, liana, and herbaceous layers),
wetland versus adjacent upland community types, and
their condition. See Cowardin et al. (1979) for classifying wetland cover types.
2. Establish the transects.
Establish a minimum of three transects in the reference reach, three transects in the impoundment reach,
and two transects in the downstream reach (Figure 8).
Transects should adequately represent the plant cover
types identified in step 1. Additional transects should
be established if time and resources allow, particularly
for extended riparian zone/stream reaches that may be
affected by the barrier removal.
3. Install rebar/wooden survey stakes at each transect’s
start and end point.
End points should be located upgradient of the wetland-upland boundary or outside the area that is expected to change with barrier removal. Label/number
each transect stake. Transects may also be referenced
to monumented cross-sections or offset a known distance from the cross sections. Transects should not be
co-located with the monumented cross sections because surveying will trample vegetation.
4. Mark and label the transect start and end points.
Mark them on a scaled site map or aerial photo. Record
the GPS coordinates of these locations.
5. Establish at least one sampling station within each
distinct vegetation cover type along each transect.
Sampling stations should be chosen to characterize
each of the cover types identified in step 1. Ideally,
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Additional Recommended Equipment
q Handheld GPS for recording the location of transects,
plots, or other speciﬁc points
q Compass for laying out transects and describing
photo station direction
q Plastic ﬂagging tape for ﬁeld marking monitoring
plots and transects
q Hammer/mallet to install rebar or wooden stakes
into the ground
q Daypack and/or ﬁeld vest
q Waders, hip boots, brimmed hat, insect repellent,
and sun block
q Storage cooler with ice to help preserve plant
specimens and other ﬁeld samples

sampling stations will be established via a systematic
random approach, where the vegetation units are first
identified in step 1, and station locations are then randomly selected along the transect within the identified
cover types (e.g., herbaceous plants sampled every 5
meters, shrubs every 15 meters, and trees every 30 meters). Supplemental, post-restoration sampling stations
may need to be established to accommodate changing
cover types, particularly where deepwater impoundment drawdown results in a vegetation community
(Figure 9).

6. Mark each station with a stake or other permanent
monument.
Use GPS to determine station location, and record the
distance along the transect from the starting point to
the station. Document whether a station stake is the
center point or a corner point for each plot, particularly if a station differs from the layout used for the
remainder of the monitoring area stations.
7. At each station, estimate species cover.
Estimate cover within all of the layers that are present:
herbaceous; sapling and shrub; and tree. Herbaceous
vegetation is sampled using a 1 m2 (10.8 ft2) quadrat.
The sapling/shrub layer is sampled within a 5 m
(approx. 16 ft) radius of the sampling station. Trees
are sampled within a 9 m (approx. 30 ft) radius of the
station.
The herbaceous layer includes all non-woody, emergent species of all heights (including bryophytes) and
woody-stemmed plants < 3 ft (approx. 1 m) in height.
The monitoring quadrat should be 1 m2 (10.8 ft2) and
can be defined using an increment-calibrated, 1-meterby-1-meter frame made of PVC-pipe, or a similar meth-
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Upland

Forested wetland

Shrub and sapling
wetland

Emergent wetland

Floating emergent or
submerged aquatic wetland

Floating emergent or
submerged aquatic wetland

Emergent wetland

Shrub and sapling
wetland

Forested wetland

Upland
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Groundwater
Impoundment

Upland

Forested wetland

Shrub and sapling
wetland

Emergent wetland

Emergent wetland

Forested wetland

Upland

Pre-Restoration

Groundwater

Drawings by Kevin Lucey / NHDES

Post-Restoration

Stream
Vegetation transect
Vegetation sampling station

Figure 9. During pre-restoration monitoring (top), establish at least one vegetation monitoring station within each distinct vegetation cover type along each monumented vegetation transect. For post-restoration monitoring (above), vegetation monitoring
stations may be added where vegetation has become established on the former bed of the impoundment. Within each monitoring reach, it is optimum to have three vegetation monitoring stations per cover type. Vegetation cover types should be sampled
using the following plot size at each permanent monitoring station: 1 m2 (10.8 ft2) quadrat for the herbaceous layer, 5 m
(approx. 16 ft) radius for the scrub and sapling layer, and 9 m (approx. 30 ft) radius for the tree layer. Figure not to scale.
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od. Estimate cover of the vertical plant shoots’ aerial
projections lying only inside the plot as a percentage
of the plot area. Total cover in a plot may exceed 100
percent, as plant projections often overlap one another.
When the project area has high stem density of herbaceous plants but relatively low species (< 5) diversity, a
0.5 m2 (5.4 ft2) quadrat may be used. When monitoring
prior to barrier removal with plots located inside or
near the edge of the impoundment, identify floating or
submerged plants that are present. Identify each species, and record each species percent cover within the
plot. Also estimate and record percent of both barren
ground and dead plant cover. If time allows, also count
the number of stems in a 0.25 m2 (2.7 ft2) or 0.5 m2 (5.4
ft2) quadrat.
The shrub and sapling layer includes all woody
stemmed plants that are more than 3 ft (approx. 1 m)
but no taller than 20 ft (approx. 6 m) tall and that have
a diameter at breast height (DBH) between 0.4 inch (1
cm) and 5.0 inches (approx. 13 cm). DBH is measured at
4.5 ft (approx. 1.5 m) above ground level. For the shrub
and sapling layer, monitor within a 5 m (approx. 16 ft)
radius of the sampling station point. Identify the species of each plant, and record species percent cover
within plot. Note the number of dead standing shrubs.
If time allows, randomly sub-sample the plot by counting woody stems in a 1 m2 (10.8 ft2) quadrat.
The tree layer includes all woody plants that are taller
than 20 ft (approx. 6 m) and have a DBH greater than
5 inches (approx. 13 cm). Monitor within a 9 m (approx.
30 ft) radius of the sampling station point. Identify the
species of each plant, and use a DBH measuring tape
to obtain individual DBHs, which will be used later to
calculate basal area [A= π (d)2/4, where π = 3.14 and d
= DBH] of each species within each plot. Also note the
number of dead standing trees within the sample area.
When estimating percent cover, values should be
recorded as whole integers that can be categorized according to a standardized, commonly used Braun-Blanquet cover class scale (Table 6) (Braun-Blanquet, 1932;
Mueller-Dombois and Ellenberg, 1974). These cover
class categories can be used to expedite field sampling;
the mid-point values are used in place of the actual corresponding field estimate values to minimize the variability of results that can arise when multiple people
estimate cover. Once field assessments are completed,
cover-abundance scores can be used to calculate plant
species cover for assessment sites. Refer to the Analysis
and Calculations section below for database management and calculations used for generating results.
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Table 6.

Braun-Blanquet cover class scale and mean
values to estimate cover class.

Category
T

Percent Cover
<1

Mid-Point
None

1

1-5

3

2

6-15

10.5

3

16-25

20.5

4

26-50

38

5

51-75

63

6

76-95

85.5

7

96-100

98

Sampling Frequency
It is optimal to monitor vegetation during the peak of
the vascular plant growing season. For the northeastern United States, this period is generally between July
15 and August 31. Some riparian plant species flower
in spring or early summer, so the monitoring team
may want to consider a site assessment during spring,
if time allows. Monitoring is conducted at least once
annually for each monitoring year (see below), and all
stations should be monitored during each monitoring period. The project and reference sites should be
monitored within the same time period and as close in
time to one another as possible. Vegetation monitoring
should include a minimum of one year of pre-restoration and three years of post-restoration assessment, and
preferably over a longer period (such as once every 3 to
5 years) for post-restoration assessment. This is particularly important for reforesting sites and if a goal of the
restoration is to document ecological succession of the
riparian zone.

Baseline Versus Post-Removal Monitoring: Ideally,
monitoring plots are monitored at least once prior to
removal of the stream barrier to define a baseline condition. When funding and time allow, it may be beneficial to monitor two or more years prior to a barrier removal because this better accounts for environmental
variability. Some removals result in very little change
in riparian shoreline locations, whereas others can
result in substantial change. If changes in shoreline
vegetation are expected with impoundment drawdown,
then baseline vegetation transects should include areas
of impoundment habitat where vegetation and substrate conditions are documented.

www.gulfofmaine.org /streambarrierremoval
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Using GPS to record location of a
vegetation quadrat.

Analysis and Calculations
After field assessments are completed using standardized field data sheets and handwritten data are checked
for clarity and legibility, vegetation data should be entered into an Excel spreadsheet where it can be manipulated for statistical analysis. In the spreadsheet, columns should represent species, and rows should represent the sampling plots. First create columns for all
species found at the project site(s). Then enter percent
cover data. Alternatively, the data can be entered using
the Braun-Blanquet cover scale, which uses a ranking
system that facilitates similarity testing and ordination
procedures (Roman et al., 2001). Note that basal area
for tree plot data can be calculated as described above.
Tree plot basal areas are then totaled to derive percent
cover of tree species within the plot.
Non-parametric tests can be used to evaluate differences in vegetation communities between sites (e.g.,
project restoration reach versus reference reach) or
site conditions between sampling years. Refer to Kent
and Coker (1992), Elzinga et al. (1998), and Roman et al.
(2001) for detailed discussions on methods for statistical analysis of vegetation data.

Additional Information
As part of the vegetation sampling process, photographs should be taken routinely during each monitoring period to document vegetation and other riparian
features. Refer to the photo station methods in this document for more detailed information (Section IV.B.4).
These plant monitoring protocols and the additional
monitoring methods presented in Section III.B have
www.gulfofmaine.org /streambarrierremoval

been adapted from the Corps of Engineers Wetlands
Delineation Manual (Environmental Laboratory, 1987),
GPAC protocols for tidal wetland restoration (Neckles
and Dionne, 2000), U.S. Geological Survey salt marsh
protocols (Roman et al., 2001), and vegetation assessment methods of the Bureau of Land Management
(Elzinga et al., 1998), U.S. Forest Service (USFS, 1987),
and NOAA (Merkey and Keeland, 2005).
Elzinga et al. (1998) provides an in-depth discussion of
monitoring plant populations (with a single species
focus), including a step-by-step overview of developing
and implementing a vegetation monitoring program,
basic principles of sampling, sampling design, field
techniques, data management, and statistical analysis
of field data.

Many guides to plant identiﬁcation are available.
Some are comprehensive with user-friendly descriptive keys and accompanying drawings or photographs.
Most provide speciﬁc geographic coverage, and many
are targeted to a speciﬁc plant type such as woody
plants, ferns and allies, bryophytes, or sedges. Guides
speciﬁc to the northeastern United States include
Gleason and Cronquist (1991), Magee and Ahles
(1999), Conard, (1979), and Tryon and Moran (1997).
Voss (1972, 1985, 1996) offers excellent keys for Michigan ﬂora that are representative of northeastern U.S.
plants; these volumes are noted for their clear, easyto-follow keys, especially for difﬁcult groups such as
the sedges (genus Carex). Newcomb (1977) is another
user-friendly plant guide.
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7. Macroinvertebrates

© Peter H. Taylor / Waterview Consulting; drawing © Ethan Nedeau / Biodrawversity

We do not recommend a specific macroinvertebrate
method in this Monitoring Guide because of the inherent complexity of conducting statistically valid macroinvertebrate assessments. We recommend that the user
consult with professionals in their region who have
the expertise necessary to design a macroinvertebrate
monitoring plan appropriate for the stream barrier
removal project. Appendix D provides an in-depth discussion of planning macroinvertebrate monitoring for
stream barrier removal
projects. Table 8 provides
a summary of macroinvertebrate monitoring protocols used by different Gulf
of Maine jurisdictions.
Brook ﬂoater

8. Fish Passage Assessment
We do not recommend a specific fish-monitoring
method in this Monitoring Guide because fish monitoring should be managed by trained fisheries experts and
must be tailored to the project site and target species.
We recommend consulting with experts in the region
with the necessary jurisdiction to design and implement fish monitoring for barrier removal projects.

Table 7.
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Fish ladders sometimes are not effective at enabling ﬁsh to
move past dams. After a dam is removed, monitoring can
reveal if more ﬁsh are traveling up and down the river.

Fish-monitoring methods that may be recommended by local fisheries experts.

Method

Technique

References

Visual

Human visual identiﬁcation and counts of ﬁsh at
speciﬁc locations.

Nelson, 2006; Stevenson et al., 1999

Simple
presence/absence

Electroﬁshing is a commonly used and inexpensive technique to assess the presence or absence of ﬁsh species above and below a barrier.

Reynolds, 1997

Video

Pre-positioned video camera recording ﬁsh at
speciﬁc locations.

Bowen, 2006

Passive Integrated
Transponder
(PIT tags)

Fish are captured and are inserted with a Passive Integrated Transponder (PIT tag). Fish
injected with this tag can be automatically
recognized by strategically located detecting/recording devices.

Bruyndoncx, 2002

Mark and recapture

Fish are captured and are ﬁn clipped and/or
Nielson, 1992; Parker, 1990
have an external ﬁsh tag attached; employs nets,
traps, or electroﬁshing.

Telemetry

Fish are captured and tagged with electronic
transmitters. Transmitters can be applied to
ﬁsh internally or externally. Fish movements are
subsequently determined by locating ﬁsh/transmitters using mobile and/or ﬁxed telemetry
receivers.

Stream Barrier Removal Monitoring Guide | 2007

Amlaner and MacDonald, 1980; Baras, and Phillipart, 1996; Burnham et al., 1987; Cheeseman and
Mitson, 1982; Finkenzeller, 2000; Lucas and Baras,
2001; Moore and Russell, 2000; Pincock, and
Voegeli, 1990; Priede and Swift, 1992; Sibert and
Neilson, 2001; Spedicato et al., 2005; Winter, 1983;
Winter, 1996; Zydlewski et al., 2006
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New Hampshire

Maine

Canada

Canada

Massachusetts

Ecological Monitoring
& Assessment Network

www.gulfofmaine.org /streambarrierremoval

Canadian Aquatic
Biomonitoring Network

Fall

Fall

Fall

Late fall
or early
spring

None
indicated

Artiﬁcial substrates (wire
mesh, rock-ﬁlled baskets);
6-8 week deployment in rifﬂes
or at base of rifﬂes

Artiﬁcial substrates (wire
mesh, nylon bags, or coneshaped containers ﬁlled with
standard-sized stones); 24- to
32-day incubation; rock
containing device

Kick nets (500μm); 10 area
delineated sampling efforts
composited for a single sample within 100m reach; 2 m2
total area; samples collected
from areas with coarse substrates OR artiﬁcial substrates
(rock baskets, Hester-Dendy
multiplate samples in deep
water or soft bottom
habitats or as directed)

Several noted depending on
water body and habitat types;
kick net (400μm) suggested
as technique for wadingdepth streams; multihabitat
collection effort; one to many
3-minute collection efforts

Kick net (400μm); multihabitat

Index
Period

Even distribution of entire sample
across gridded tray; 300 individual
subsample target

Several noted; subsampling at the
100, 200, or 300 individual target
level suggested; gridded trays, ﬂotation, or elutiation can be used to
obtain representative subsample

Standardized gridded tray with
sample evenly distributed across
tray; individual grids randomly
selected and sorted until 100
individual subsample requirement
satisﬁed; large and rare organisms
sorted for entire sample OR full
sort of entire sample for artiﬁcial
substrates where quantitative
sample is desired

Full sample sort using shallow
sorting pan(s) unless >500 individuals; if >500 individuals, then 100
individual subsample permissible
using air-generated suspension of
individuals in Imhoff-type settling
cone

Standardized gridded tray with
sample evenly distributed across
tray; 1/4 of grids randomly selected
for complete sorting with 100
individual minimum subsample;
additional 1/4 of grids incrementally
selected for complete sorting until
100 individual subsample satisﬁed

Recommended Sampling
Processing Protocol

Family

Genus or species
for all individuals
(if possible)

Genus or species
for all individuals
(if possible)

Genus or species
for all individuals
(if possible)

Genus (if possible),
except for chironomids
(sub-family), ribbon
worms (phylum Nemertea), nematodes
(phylum Nemata), and
oligochaetes (subclass)

Identiﬁcation Level

Relevant state and provincial protocols for monitoring macroinvertebrates.

Recommended
Collection Method

Table 8.

Multivariate discriminate
model using Observed:
Expected species occurrence ratios to determine
similarity to a “reference”
condition (1=identical; 0=no
similarity)

None recommended;
several options referenced

Multimetric index following RBP II or III (Plafkin et
al., 1989); index range 0
(poorest) to 54 (best) and
compared to applicable
reference sites

Multivariate linear discriminate model to predict
probabilities of membership
to predetermined water
quality classes

Multimetric index: average
score of 7 metrics; index
range 0 (poorest condition)
to 100 (best condition); biological condition threshold
established via minimally
impacted reference sites

Recommended
Assessment Approach

Reynoldson, T.B., C. Logan, T. Pascoe,
and S.P. Thompson. CABIN (Canadian
Aquatic Biomonitoring Network):
Invertebrate Biomonitoring Field and
Laboratory Manual. Environment
Canada, National Water Research
Institute.

Rosenberg, D.M., I.J. Davies, D.G.
Cobb, and A.P. Wiens. 1997. Protocols for Measuring Biodiversity:
Benthic Macroinvertebrates in Fresh
Waters. Winnipeg, Canada: Canada
Department of Fisheries and Oceans,
Freshwater Institute.

Nuzzo, R.M. 2003. Standard Operating Procedures: Water Quality
Monitoring in Streams Using Aquatic
Macroinvertebrates. Massachusetts Department of Environmental
Protection, Division of Watershed
Management.

Davies, S.P. and L. Tsomides. 2002.
Methods for Biological Sampling
and Analysis of Maine’s Rivers and
Streams. DEP LW0387-B2002. Augusta, ME: Department of Environmental Protection.

Neils, D. 2007. New Hampshire Department of Environmental Services
(NHDES) Protocols for Collection,
Identiﬁcation and Enumeration
of Aquatic Macroinvertebates for
Computation of a Benthic Index of
Biotic Integrity (B-IBI). Concord, NH:
NHDES.

Protocol Reference
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Cross-section established for stream barrier removal monitoring.
Mathias Collins / NOAA Restoration Center

V. DATA MANAGEMENT

As noted in the Introduction, there are five primary
reasons for establishing regional guidelines for barrier
removal monitoring:
• evaluating the performance of individual
restoration projects;
• assessing the long-term ecological benefits of
regional restoration efforts;
• advancing our understanding of restoration
ecology to assist in the development of more
effective restoration techniques;
• better anticipating the effects of future stream
barrier removal projects; and
• communicating results to stakeholders and
the public.
Previous sections of this Monitoring Guide have focused on critical monitoring
parameters that should be
monitored at barrier removal
sites and how those parameters should be measured in
a consistent manner so that
results are comparable across
the region. Equally important
to accomplishing the goals
noted above are consistent
data capture and reporting.
This requires common data
elements, reporting standards,
and site metadata.

Data elements are the specific
pieces of information recorded when monitoring a given parameter. For example,
the data elements for cross-sections are station (STA),
backsight (BS), height of instrument (HI), foresight
(FS), and elevation (ELEV). To properly perform and
document a cross-section survey, these data must be
collected and recorded. Each critical monitoring parameter has a set of necessary data elements.
Reporting standards specify how the data elements are
recorded. Examples include what units are used and
the precision to which measurements are reported. For
example, for the cross-section data elements we specify
that horizontal distances and elevations be reported
in units of feet with precisions of tenths (0.1) and hundredths (0.01), respectively.
Metadata are “data about the data”. Besides collecting
and recording the data elements that are the key meawww.gulfofmaine.org /streambarrierremoval

surements for a parameter, it is very useful to record
other quantitative and descriptive information during
data collection. The metadata may be parameter-specific or general to the site. Examples of parameter-specific metadata include documenting the investigators,
time/date of data collection, and notes. The latter
generic category is often used to record any problems
encountered in the field with equipment, weather, or
extraordinary conditions. Information of this sort is
particularly useful for data analyses. Metadata general
to the site can include benchmark location, project datum, and watershed name.
Data elements, reporting standards, and metadata
needs have been identified for each critical monitoring
parameter for which this Monitoring Guide provides
detailed methods and are defined on the data sheets
provided in Appendix E. A site information datasheet
to capture site metadata is
also provided. Completing
these data sheets will ensure
that the necessary data elements and metadata are captured for each parameter, as
well as for the site in general,
and are reported in a consistent manner. Additionally,
having field investigators
transfer their data from the
hard copy data sheets to the
electronic versions serves as
an important quality assurance mechanism.
Karla Garcia / NOAA Restoration Center

A. DATA CAPTURE AND REPORTING

B. DATA COLLECTION
Use of the critical monitoring parameters is encouraged to the extent practical for all barrier removal
projects in the Gulf of Maine watershed. Potential
recipients of funds from competitive grant programs
administered by entities sponsoring this document
may be requested or required to monitor some, or
all, of the critical monitoring parameters as an award
condition. Any prescribed monitoring would be mutually agreeable to all parties and explicitly funded
through the grant. In these cases, completed field data
sheets (hard copy and electronic) would be a reporting
requirement for the grant. In all other cases, submitting data sheets in hard copy and electronically to the
Gulf of Maine Council on the Marine Environment is
strongly encouraged. For submission information, visit
www.gulfofmaine.org/streambarrierremoval.
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VII. APPENDICES
APPENDIX A: FIELD SAFETY
Field crews implementing the recommended practices
in this Monitoring Guide can encounter hazardous
conditions. It is crucial, particularly when involving
volunteers, to ensure that adequate safety precautions
are taken. This section identifies the most common
hazards associated with conducting ecological monitoring of riverine and riparian habitats and recommends
general field safety precautions. This is not a comprehensive safety protocol, but rather a guideline to ensure safe field conditions.

General
• Develop a safety plan. Safety plans can be as
simple as letting someone else know where you
are, when you intend to return, and what to do if
you don’t come back at the appointed time.
• Always monitor with at least one partner.
• Listen to weather reports. Caution should be
exercised if severe weather is forecasted.
• Have a first-aid kit accessible. Team leaders should
be trained in first aid/CPR.
• If at any time you feel uncomfortable about the
condition of the stream or your surroundings,
monitoring efforts should be terminated.

Impoundments
• Be careful wading into the impoundment, even
if it is shallow. Impounded sediments are often
unconsolidated fine-grained material having
interstitial spaces. This makes them very soft
and dangerous because they may not support a
person’s weight.
• In some instances, it may be necessary to use a
boat to monitor conditions in impoundments. In
such cases, a personal flotation device (PFD) is
needed for each person on a boat.

Stream Safety
• Do not enter the water if the stream is at
flood stage.
• If you must cross the stream, use a walking stick
to steady yourself and to probe for deep water and
unstable terrain.
• Streambeds composed of coarse substrates and/or
bedrock can be slippery and have deep pools.
• Streambeds composed of finer substrates can
prove treacherous in areas where mud, silt, or sand
creates unstable terrain.
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Poison Ivy
• Watch for poison ivy, poison oak, sumac, and other
types of vegetation in your area that can cause
rashes and irritation.

Mosquitoes
Mosquito-borne illnesses in the such as West Nile virus
and eastern equine encephalitis have become more
prevalent. The following steps can reduce the incidence of mosquito bites.
• Apply an effective repellent to exposed skin
and clothing.
• Wear long-sleeves, long pants, and socks when
outdoors.
• Limit field activities during peak mosquito hours.
The hours from dusk to dawn are peak biting
times for many species of mosquitoes.

Ticks
Ticks, which can carry the Lyme disease bacterium
(Borrelia burgdorferi), prefer wooded and bushy areas
with high grass and abundant leaf litter. Extra precaution should be taken in May, June, and July, when ticks
that transmit Lyme disease are most active.
• Use insect repellent with 20-30% DEET on adult
skin and clothing to prevent tick bite. Permethrin
is another type of repellent. It can be purchased at
outdoor equipment stores that carry camping or
hunting gear. Permethrin kills ticks on contact.
• Wear long pants, long sleeves, and long socks to
keep ticks off your skin. Light-colored clothing will
help you spot ticks more easily. Tucking pant legs
into socks or boots and tucking shirts into pants
help keep ticks on the outside of clothing.
• Perform daily tick checks after being outdoors.
Inspect all parts of your body carefully, including
your armpits, scalp, and groin. Remove ticks
immediately using fine-tipped tweezers.

Sun/Heat
• Dress for the heat. Wear a hat and lightweight,
light-colored clothing. Light colors will reflect
away some of the sun’s energy.
• Drink water.
• Take regular breaks when engaged in physical
activity on warm days. Take time out to find a cool
place. If you recognize that you or someone else is
showing the signals of a heat-related illness, stop
activity and find a cool place.
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APPENDIX B: GLOSSARY
Aggradation

Degradation

The building up of a river channel by deposition of
sediment on the channel bed.

The general lowering of the surface of the land by erosive processes, especially by the removal of material
through erosion and transportation by flowing water.

Alluvial
Pertaining to or composed of alluvium, or deposited by
a stream or running water.

Anadromous
Used to describe fish that spend a part of their life
cycle in the sea and return to freshwater streams to
spawn, such as salmon, river herring, and shad. Contrast with catadromous.

Deposition
A natural river process in which sediment is distributed
along the bed after floods recede or a change in crosssection leads to slower velocities, such as moving from
a riffle to a pool. Sediment deposition is often altered
in developed watersheds.

Diadromous

Avulsion

Used to describe fish that migrate between salt and
fresh waters. See also anadromous and catadromous.

The sudden creation of a new river channel where flow
leaves the existing channel during large floods and
carves a new channel with a new slope and length.

Effectiveness monitoring

Catadromous
Used to describe fish that live in fresh water but migrate into the sea to breed. Contrast with anadromous.

Evaluation of whether or not an implemented action is
having the desired effects. If the action is having
undesirable effects, this should be revealed through
effectiveness monitoring.

Floodplain
Critical monitoring parameters

That portion of a river valley, adjacent to the channel,
which is built of sediments deposited during the present regimen of the stream and is covered with water
when the river overflows its banks at flood stages.

Grace Levergood / NHDES

Framework of common monitoring techniques necessary to adequately assess the physical, chemical, and
biological response of stream barrier removal projects.
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Hydraulics

Run-of-river dam

Related to the physical properties and behavior of
stream flow as it is influenced by floodplain geometry
and structures within it.

A constructed barrier in a river that forms an impoundment with minimal storage capacity and the
inflow to the impoundment approximately equals outflow from the dam.

Hydrograph
A graphic representation or plot of changes in the
flow of water or in the elevation of water level plotted
against time.

Stream crossing
Any human-made crossing over or through a stream
channel, including bridges, culverts, paved roads, unpaved roads, railroads, trails, and paths.

Hydrology
The science of waters of the earth, including their
occurrence, distribution, and circulation; their physical
and chemical properties; and their reaction with the
living and non-living environment. Also, pertaining to
the quantity and timing of stream flow.

Implementation monitoring
Evaluation of whether a specific action occurred as
planned. A variant called compliance monitoring evaluates whether an action meets regulatory standards.
Implementation monitoring provides baseline information before and immediately after a project occurs.

Lacustrine
Pertaining to, produced by, or inhabiting a lake.

Lithology

Thalweg
The line connecting the lowest points along a stream
bed or valley.

Wetland
Wetlands are defined and classified by the U.S. Department of Interior as “lands transitional between
terrestrial and aquatic systems where the water table
is usually at or near the surface or land is covered by
shallow water, and have one or more of the following
attributes: (1) at least periodically the land supports
hydrophytes; (2) the substrate is predominantly undrained hydric soil; and (3) the substrate is non-soil and
is saturated with water or covered with shallow water
at some time during the growing season of each year”
(Cowardin et al., 1979).

(1) The scientific study of rocks, usually with the unaided eye or with little magnification. (2) Loosely, the
structure and composition of a rock formation.

Low-head dam
A constructed barrier in a river with a hydraulic height
(head water to tail water) not exceeding 25 feet. This
definition encompasses run-of-river dams and other
small dams. It does not include industrial dams that
were designed not to create an impoundment in a river.

Riparian
Pertaining to the banks of a river, stream, waterway,
or other body of water, as well as to plant and animal
communities along such bodies of water.

Sources used to develop this glossary:
Bates, R.L. and J.A. Jackson. 1984. Dictionary of Geologic terms. Third edition. Prepared under the direction of the
American Geological Institute. New York: Anchor Books, Doubleday. 571 pp.
New Hampshire Department of Environmental Services. 2007. Guidelines for Naturalized River Channel Design
and Bank Stabilization.
North American Lakes Management Society. 2007. Water Words Glossary. http://www.nalms.org/Resources/Glossary.aspx.
Accessed March 2007.
Flosi, G., S. Downie, J. Hopeland, M. Bird, R. Coey, and B. Collins. 2003. California Stream Habitat Restoration Manual,
Part IX: Fish Passage Evaluations at Stream Crossings. California Department of Fish and Game.
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APPENDIX C: WORKSHOP PRODUCTS
Participants in the Stream Barrier Removal Monitoring Workshop, June 2006
Sarah Allen
Normandeau Associates

Kristen Ferry
Massachusetts Division of Marine Fisheries

Bill Arcieri
Vanasse Hangen Brustlin, Inc.

John Field
Field Geology Services

Matt Bernier
Kleinschmidt Associates

Brian Fitzgerald
Vermont Department of Environmental Conservation

Steve Block
NOAA Restoration Center

Merry Gallagher
Maine Department of Inland Fisheries and Wildlife

Henry Caracristi
Bedford Institute of Oceanography

Andy Goode
Atlantic Salmon Federation

Tim Carney
New Hampshire Department of Environmental Services

Brian Graber
Massachusetts Department of Fish and Game

John Catena
NOAA Restoration Center

Alan Haberstock
Kleinschmidt Associates

Lisa Cavallaro
NOAA Restoration Center

Denis Haché
Canada Department of Fisheries and Oceans

Brad Chase
Massachusetts Division of Marine Fisheries

Anita Hamilton
Canada Department of Fisheries and Oceans

Michael Chelminski
Woodlot Alternatives

David Hart
University of Maine

Kathryn Collet
New Brunswick Department of Natural Resources

Daniel Hayes
Michigan State University

Matt Collins
NOAA Restoration Center

Charles Hebson
Maine Department of Transportation

Cathy Conrad
Saint Mary’s University

Darren Hiltz
Canada Department of Fisheries and Oceans

Aaron Corr
Corr Consulting

Eric Hutchins
NOAA Restoration Center

Dave Courtemanch
Maine Department of Environmental Protection

Jon Kachmar
Maine Coastal Program

Melinda Daniels
University of Connecticut/The Nature Conservancy

Michael Kline
Vermont Department of Environmental Conservation

Eric Derleth
U.S. Fish and Wildlife Service

John Kocik
NOAA Maine Field Station

Robert Dudley
U.S. Geological Survey

Raymond Konisky
Wells National Estuarine Research Reserve
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Brandon Kulik
Kleinschmidt Associates

J. Michael Penko
U.S. Army Corps of Engineers

Beth Lambert
New Hampshire Department of Environmental Services

Tim Purinton
Massachusetts Department of Fish and Game

Steve Landry
New Hampshire Department of Environmental Services

Trefor Reynoldson
Acadia Center for Estuarine Research

Sandra Lary
U.S. Fish and Wildlife Service

John Richardson
Blue Hill Hydraulics

Robert Lent
U.S. Geological Survey

Josh Royte
The Nature Conservancy

Grace Levergood
New Hampshire Department of Environmental Services

Gordon Russell
U.S. Fish and Wildlife Service

Christine Lipsky
NOAA Maine Field Station

David Santillo
Northern Ecological Associates

Deb Loiselle
New Hampshire Department of Environmental Services

Roy Schiff
Milone and MacBroom

Kevin Lucey
New Hampshire Department of Environmental Services

Conor Shea
USFWS/Chesapeake Bay Field Ofﬁce

Jim MacBroom
Milone and MacBroom

Lee Swanson
New Brunswick Department of Environment

Jim MacCartney
Trout Unlimited

Steve Timpano
Maine Department of Inland Fisheries and Wildlife

Elizabeth Maclin
American Rivers

Joan Trial
Atlantic Salmon Commission

John Magee
New Hampshire Fish and Game Department

James Turek
NOAA Restoration Center

Frank Magilligan
Dartmouth College

Mark Wamser
Gomez and Sullivan

Timothy Milligan
Bedford Institute of Oceanography

Laura Wildman
American Rivers/Northeast Field Ofﬁce

Jeff Murphy
NOAA Maine Field Station

Theo Willis
Maine Rivers

Ethan Nedeau
Biodrawversity

Gail Wippelhauser
Maine Department of Marine Resources

Keith Nislow
U.S. Forest Service/University of Massachusetts

Craig Wood
Louis Berger

Piotr Parasiewicz
University of Massachusetts

Jed Wright
U.S. Fish and Wildlife Service

Cheri Patterson
New Hampshire Fish and Game Department

Joseph Zydlewski
Maine Cooperative Fish and Wildlife Research Unit
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Stream Barrier Removal Monitoring
Workshop Scenarios
Head-of -Tide
Restriction

High Head Dam with
Wide Impoundment

Low Head Dam with
Narrow Impoundment

Undersized
Perched Culvert

Watershed
Position

Near head-of-tide in large
(>1000 mi2) watershed; avg.
channel width u/s 10m

Low-order stream in a large
watershed (>1000 mi2)

High order stream in a midsized watershed (100
mi2<>1000 mi2)

Second order stream

Watershed
Land Use

Agriculture; light industry;
forestry

Forest and rural residential.

Urban; post-industrial
revolution

Suburban

Meandering, low gradient
stream; wide floodplain

Moderate gradient, lowsinuosity, riffle-run;
subwatershed has areas of
outwash deposits

Low gradient, slight sinuosity;
channelized through town;
poorly developed floodplain.
Watershed dominated by till
and bedrock

Steep step-pool channel

Unfenced livestock pasture
adjacent to / above
impoundment; wide 2nd
growth forest buffer u/s.

Wide (>8xWbkf) mature forested
buffer; some residences

Narrow (<1xWbkf) mature
forested buffer; Japanese
knotweed prevalent; riprap on
bank

Narrow (<1xWbkf)
mixture of saplings,
shrubs adjacent to
lawns

Barrier
Type

12 ft high by 300 m long
earthen dyke extending across
floodplain; concrete water
control structure; failing fish
passage structure (partial
barrier)

20-foot tall concrete dam in
good condition with low-level
outlet for flow modification

10-foot high timber crib/rock
fill spillway with concrete
patching; earthen with sheetpile
core, stone armoring

70-foot length; 48’’
diam. double-barreled
culverts; perched 3 feet;
10-foot head to
unpaved road

Aquatic
Species
Present

Shellfish; Atlantic salmon,
smelt, gaspereau, American
eel, and brook trout.

Rare mussels d/s; alewife and
salmon targeted for restoration

Shad, eel, herring lamprey
downstream; smallmouth bass
u/s

Brook trout. Salmon
target for restoration

Fine grained potentially
contaminated (domestic
sewage; mild industrial)

Large quantity of coarse sand
and gravel

Fine-grained; some build-up
behind dam

Gravel/cobble mixed
with woody debris
immediately u/s of
culverts; braiding of
channel

Shallow, wide impoundment
with summer algae growth

Wide, deep, storage
impoundment

Run-of-the-river; impoundment
is narrow, shallow, and riverine
in character

Riverine; debris,
sediment, high flows
blocked

None

Oxbow wetland adjacent to
channelized reach; small
emergent wetland at u/s end of
impoundment

None

Wetlands

Small wetland areas along
impoundment margin; salt
marsh areas between dam and
causeway (d/s)

Infrastructure
and
Community
Concerns

Loss of u/s waterfowl habitat,
hunting, trapping; loss of First
Nations’ traditional uses; d/s
causeway / bridge; release of
contaminated sediments

Concern for adjacent landowner
wells; loss of water frontage
u/s; potential for flooding d/s

Old / deteriorating structure.
Community desire to keep dam
and preserve adjacent historic
structures; potential for
flooding, braiding u/s;

Minimize erosion of
road fill.

Full removal of barrier
including all floodplain fill.
Mobile sediments removed
prior to breaching dam.
Restore diadromous fish.
Improve fish passage for
traditional uses

Decommissioning of power
dam; dam/ foundation removed
to banks. Sediment behind dam
removed. Work u/s to align
channel / stabilize banks, limit
fine sediment transport.

River seeded w/ shad 1 year
prior to dam removal.
Contaminated sediment capped;
invasives control during / post
dam removal. Spillway
removed; earthen/ sheetpile
embankment remains.

Highway improvement
project. Replace with
bottomless arch culvert

Valley
Geomorphic
Setting

Riparian
Condition

Sediment
Characteristics
Upstream
Waterbody
Characteristics

Restoration
Issues
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Stream Barrier Removal Monitoring
Workshop Agenda
Gulf of Maine Council River Restoration Monitoring Steering Committee
June 20-21, 2006 University of Maine, Orono

Workshop Outcomes:
1. A list of prioritized monitoring metrics / parameters by topic area, some of which are crosscutting, for barrier removal
projects.
2. A refined list of monitoring questions or issues that those metrics / parameters address.

Tuesday, June 20th 2006
9:00
1.
2.
3.

Welcome
Introduction
Purpose
History of Salt Marsh Monitoring Protocol Development

9:30
1.
2.

Plenary Sessions
Plenary A: James MacBroom, Milone and MacBroom, Inc.
Plenary B: Michael Kline, VT DEC River Management Program

12:00

Lunch

1:00

Instructions to Topic Teams

1:30

Breakout Groups: Topic Teams and Facilitators
A. Topic Teams review sets of typical dam removal scenarios in the context of key management issues/
monitoring questions.
B. Brainstorm appropriate monitoring parameters for each scenario.
C. Identify parameters repeatedly suggested for multiple scenarios.
D. Topic Team produces a summary parameter list highlighting those that are useful in multiple scenarios.

3:30

Break
Post Topic Team flip chart summaries; mill around; eat snacks; look at summaries.

4:00

Plenary: Integrative Metrics
A. Background
B. Topic Teams share results
C. Synthesis of results: identify crosscutting metrics, if any; identify priority metrics for each topic team; identify
how this will feed into the next day’s work.

8:00

Evening Presentations (optional)

Wednesday June 21st, 2006

62

8:00

Plenary: Ray Konisky, Ph.D., Wells National Estuarine Research Reserve

9:00

Breakout Session: Topic Teams
A. Focus on integrative metrics. Depending on the outcome of Day 1, this discussion might include arm twisting
to get Topic Teams to identify possible crosscutting metrics and at the very least identify their most
important 1 or 2 metrics. The goal is to refine the topic teams larger parameter list to include only their
highest priorities.
B. Appropriate methods (sampling techniques, frequencies, etc.)
C. Reporting standards (common data elements, etc.)

11:00

Reporting Back and Concluding Remarks
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APPENDIX D: MACROINVERTEBRATE MONITORING GUIDANCE
Planning Macroinvertebrate Monitoring at
Stream Barrier Removal Projects
Given their utility as indicator organisms, macroinvertebrates are frequently used to document the responses
of the aquatic community following barrier removal.
The sections below describe the important components
necessary in planning macroinvertebrate monitoring
to assess aquatic community health and document
shifts in community composition.
We advise that macroinvertebrate sampling be conducted in close coordination with the project’s regulatory authority. Because of the inherent complexity of
conducting statistically valid macroinvertebrate assessments, we encourage practitioners to use protocols recognized by state, provincial, or federal authorities.

Drawing © Ethan Nedeau / Biodrawversity

Equipment
Several types of sampling equipment can
be used to collect macroinvertebrates from
wading-depth streams. Devices range
from a Surber sampler to artificial substrates. While each sampling device has
its benefits, the most commonly used
and cost-effective sampling device currently
employed is the dip net. Standard collection
techniques call for the frame to be fitted with a
500μm mesh net (Lazorchak et al., 1998; VTDEC,
2006; Barbour et al., 1999) attached to a long
wooden pole. Along with the rectangular net,
often referred to as a kick-net, a sieve bucket fitted with 500μm mesh, and several 1- to 4-liter
plastic sample containers complete the basic
elements necessary to collect a representative macroinvertebrate sample.

of error that are manifested in all sampling efforts include collection techniques, laboratory processing, and
spatial and temporal heterogeneity in macroinvertebrate populations. A good study design will minimize,
or at least account for, each of the potential sources of
error. In reality, minimizing error sources means the
selection of appropriate field techniques, collection of
an adequate number of samples, careful adherence to
standardize operating procedures in the field and laboratory, and the use of well-developed biological indices.
With respect to biological indices, a section below
focuses on regionally developed macroinverterbate
indices that are widely applicable to the detection of
pollution sources, including nutrient enrichment,
toxic inputs, and flow modifications. In general, these
indices have been developed by resource agencies and use a network of reference or minimally disturbed sites to establish acceptable
conditions in overall macroinvertebrate
community composition. Benefits of using regionally developed indices include
the direct comparison of sample results
to index thresholds, known estimates of
natural variation in undisturbed macroinvertebrate community composition, use of
metrics known to be most responsive to multiple pollution sources, and predetermined field
and laboratory techniques. In most cases, the
statistical properties of these indices are well understood and will allow for the determination of
macroinvertebrate community health as above
or below an established threshold and/or placement into one of many narrative categories
(i.e., poor, fair, good) with a known level
of certainty.
Mayﬂy

Design
As for all scientific studies, considerable time and
effort should be spent prior to any fieldwork to determine what questions are to be answered through
the collection of data. Once determined, careful study
design must be employed so that sufficient data are
collected in an accurate manner. For studies associated
with barrier removal projects, documentation of the
changes in macroinvertebrate community composition, abundance, or overall biomass may be of interest.
In all cases, an understanding and accounting of the
natural sources of variation (error) must be completed
in order to draw correct conclusions. The basic sources
www.gulfofmaine.org /streambarrierremoval

However, regional biological indices are,
in most cases, not specific to barrier removal projects and have drawbacks that should be considered
based on the study’s questions of interest. For example,
if macroinvertebrate community biomass or area of
colonizable habitat is of interest, alternative measures
will be required. In cases where previously developed
indices are not applicable, one must decide what community measures are most representative of the questions being asked, how to obtain the necessary data,
and what comparisons will best assist in determining
if significant changes have occurred. In cases where
established indices are not applicable, the greatest
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limiting factor frequently will be the establishment
of thresholds for detecting change. In other words,
if data collected at a site is presumed to be impacted
by an existing barrier, how can that be determined if
the macroinvertebrate community differs from a site
where no barrier exists? While it is beyond the scope of
this document to develop a detailed discussion of study
designs and the limitations of data usage, the before-after-control-impact (BACI) study design provides a basic
framework to begin answering such questions. Under
a BACI study design, samples are collected at sites
where target conditions are presumed to exist before
and after a barrier removal. These are considered control sites. Concurrently, samples are collected at sites
presumed to be impacted by the barrier. These are considered impact sites. Ultimately, differences between
control and impacted sites are compared before and
after the barrier improvement or removal event to determine if significant changes have occurred. The ability to detect significant differences is a function of the
number of samples collected and the quality of data.
Other study designs are possible. All parties involved in
the project should be consulted to determine how best
to design the macroinvertebrate monitoring efforts.
The use of regional biological indices offers the most
cost effective and least labor intensive approach in
determining overall changes in community condition,
but may be limited in terms of the specific questions
that can be answered.

Areas of Sample Collection
Macroinvertebrate samples can be collected from several macrohabitat types, such as riffles, pools, stream
banks, or a combination of habitat types. Sample collection from each specific habitat type requires careful
consideration of available collection techniques. Current collection techniques include two main approaches: single- or multi-habitat sampling. Single-habitat
sampling is used by several states and usually includes
the collection of samples at the “single, most productive” area within a selected stream reach (Barbour et
al., 1999). Macroinvertebrate production generally is
maximized in riffle habitats leading to the common
terminology of “riffle-kick” for single-habitat samples
(VTDEC, 2004). Single-habitat sampling techniques
employ multiple, individual, timed sampling efforts in
one or many riffles within the study reach. Individual
timed sampling efforts generally range from 3 to 5 in
number and are grouped together for a representative
sample of the macroinvertebrate community.
More recently, some U.S. and Canadian macroinver64
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tebrate sampling protocols have promoted the use of
multi-habitat collection techniques (Lazorchak et al.,
1998; Rosenberg et al., 1997) as a more complete representation of the resident community. Multi-habitat
sampling techniques include the collection of macroinvertebrates from a variety of habitats in approximate
proportion to the habitat types observed within the
study reach. Points of collection may be randomly
selected or placed along predetermined transects. Multiple, individual, timed sampling efforts are used to
standardize collection techniques and are variable in
number depending on the sampling protocol. As with
single-habitat collection techniques, individual timed
sampling efforts are grouped together to approximate
the macroinvertebrate community within the study
reach.

Sampling Timing and Frequency
Most macroinvertebrate collection protocols have an
established index period that standardizes a window
of time (weeks) during which samples should be collected. Since many aquatic macroinvertebrates have
regular development and emergence patterns, the
establishment of a standardized collection window
minimizes the amount of observed natural variation
in community composition. Based on known life cycle
patterns, macroinvertebrate sampling for riverine systems in northeastern North America occurs primarily
from September through November (USEPA 2002).
Alternative sampling times are possible but should be
considered with respect to organism developmental
patterns, climatic conditions, and the protocols advocated by the applicable regulatory authority.

Site-speciﬁc Considerations
The sampling methods described herein are applicable to wading-depth sections of riverine systems.
Wading-depth streams can be defined as first through
fourth order streams ranging in watershed size from
approximately 2 to >200 km2 (0.77 to >77 mi2). However,
from a practical standpoint, wading-depth can be defined as any section of river where water depth is less
than thigh high. Conditions prior to barrier removal
often preclude wading-depth sampling techniques. In
these cases, alternative macroinvertebrate sampling
procedures must be employed. See Blocksom and
Flotemersch (2005) for comparison of several non-wading-depth methods.

Sample Processing
Macroinvertebrate sample processing consists of two
main phases: sorting and identification. In the sorting
phase, organisms are separated from the sample dewww.gulfofmaine.org /streambarrierremoval
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bris. Identification generally takes place following the
sorting phase and requires varying levels of expertise
depending on the desired level of taxonomic specificity.

Drawing © Ethan Nedeau / Biodrawversity

Sample Sorting
Because most whole samples contain more organisms
and/or debris than can be processed, the sorting phase
usually includes a sub-sampling method. Sub-sampling
usually involves the homogenization of all sample contents in a single shallow pan followed by an objective
process for selecting a pre-determined fraction of the
sample. Currently, the most common method of subsampling uses the separation of a fixed-count target
number of organisms from a predetermined fraction
of the whole sample (Barbour et al., 1999; Lazorchak et
al., 1998; Rosenberg et al., 1997). The sample fraction
generally is defined by randomly selecting a minimum
number of standardized areas (grids) identified by a
template overlain upon the entire sample.
Debate still exists over the proportion of the whole
sample that must be processed and number of organisms retained for identification and enumeration
(Courtemanch, 1996; Barbour and Gerritsen, 1996;
Vinson and Hawkins, 1996). A common target is the
removal of organisms from enough full grids to meet
a 300-individual fixed count target (VTDEC, 2006; Barbour et al., 1999). Doberstein et al. (2000) demonstrated
that the results of samples processed using fixed
counts of less than 300 individuals differed significantly from whole sample counts of the same sample
and that sub-sample counts of up to 1,000 individuals
incrementally increased the similarity to whole sample
results. Thus, fixed sub-sample count targets are often
based on resource availability and may vary among
protocols. For this reason, one should consult the protocols advocated by the relevant resource agency before selecting a fixed count target and general sorting
procedures. In all cases and regardless of the target,
the fraction of the sample processed may differ among
samples based on stream productivity. Therefore, a record must be kept for each sample so estimated whole
sample results can be standardized.

Identiﬁcation
The recommended level of taxonomic identification
(i.e., family, genus, species) can be highly variable.
Several protocols call for the lowest practical level
(Barbour et al., 1999; VTDEC, 2006), but researchers
have differing opinions as to what taxonomic level is
most appropriate (Bailey et al., 2001; Lenat and Resh,
2001; Hawkins et al., 2000; Reynoldson et al., 1997). The
academic reasons (i.e., geographic location, ecological
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diversity, evaluation tool) to select one level of taxonomic specificity over another must be considered in
concert with the required level of expertise necessary
to achieve the desired results. Highly trained taxonomic experts and expensive equipment generally are
required to identify aquatic macroinvertebrates to genus and
species levels. In contrast,
an experienced field biologist may be able to identify
insects to the family level
with the naked eye. Thus,
one must consider resource
Brook ﬂoater
availability when deciding on a
prescribed taxonomic identification level.
Regardless of taxonomic level of resolution chosen, the
protocol must provide detailed identification directions
to the people responsible for sample processing. Some
groups of macroinvertebrates (i.e., chironomids, nematodes) require additional taxonomic expertise and steps
for identification. A less specific identification endpoint
is common for these groups. Correct identification
serves as the foundation for building the final dataset.
Therefore, it is critical that this phase of sample processing be performed in a consistent manner to produce accurate results.
Because of the debate regarding recommended sorting
processes and identification levels, specific sample processing protocols are not included herein. If well-tested
and widely accepted field and laboratory protocols
are selected, evidence suggests that differences between methods can be small. However, it is important
they meet minimal performance measures (Herbst
and Silldorff, 2006). In Canada and the United States,
national protocols exist and should be consulted for
further guidance (Barbour et al., 1999; Lazorchak et al.,
1998; Rosenberg et al., 1997). Ideally, state, provincial,
or federal protocols will be available to guide sample
processing.

QA/QC
After sample processing is complete, it is important to
verify the results. A common practice for determining
the quality of the results is to re-process a minimum
of 10% of the samples. A rigorous quality assurance
program should test the effectiveness of the sorting
and identification phases. As recommended above, it
is best to follow the QA/QC procedures advocated by
the appropriate regulatory authority. The goals are to
document that the reported results are repeatable and
that minimal variation can be attributed to the processStream Barrier Removal Monitoring Guide | 2007

65

Appendices

ing methods. As an example, the following is a generic
QA/QC procedure:
1. For previously sorted grids, have a second qualified
individual re-examine each grid. If less than 95%
of the individuals or 95% of the taxa were not
removed in the original sort then the sample fails
to meet the QA/QC requirements.
2. From a previously identified and enumerated sort,
have a second qualified taxonomist re-identify
and enumerate all individuals. If 5% or greater
of the individuals are misidentified or incorrectly
counted, then the sample fails to meet the QA/QC
requirements.
3. Individual samples that fail by either (1) or (2)
must be reprocessed and adequately justified. An
overall sample failure of greater than 2% requires
reprocessing for the entire lot of samples.

Use of Resulting Data
In contrast to chemical samples where individual
parameter results are compared to their respective
thresholds, results from macroinvertebrate samples
initially are more complex. With multiple species and
individual abundances for each species, long lists of
scientific names must be translated into an understandable format. Contemporary efforts to understandably
convey taxonomic composition and abundance information include two approaches. First, the multimetric
approach relies on the differential tolerances, ecological roles and strategies, and overall composition of the
macroinvertebrate taxa found in the sample. Multiple
individual measures that are most important in describing community condition are aggregated together
to produce a single index of biologic health. This multimetric approach is well documented and has been
widely advocated for bioassessments (Karr and Chu,
1999; Barbour et al., 1995; Gerritsen, 1995). Alternatively,
the multivariate approach uses detailed statistical estimates of community similarity to establish expected
community compositions at minimally disturbed sites.
Once these expectations are established, test sites are
compared to the minimally disturbed sites to determine the difference in community composition. An
observed (test site) to expected (reference expectation)
(O/E) ratio is used as the measure of community health
(or taxonomic loss). Ratios near 1 indicate minimal
taxonomic loss while lower ratios indicate divergence
of test sites from expectations. Originally developed in
Great Britain and Australia, the multivariate approach
has gained acceptance in North America (Reynoldson
66
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et al., 1997; Hawkins et al., 2000).
Regardless of the approach used, both techniques provide defensible alternatives to collapse taxonomic lists
and respective abundances into understandable and
similar assessment outcomes (Herbst and Silldorff,
2006). Prior to any sampling, protocols for collection
and processing must be selected that are consistent
with the approach and evaluation tool that will be used
to assess the status of the macroinvertebrate community. In most cases, the appropriate regulatory authority
should be contacted to suggest a recommended index
that is locally applicable. In addition, the suggested index may have one or more threshold levels to assist in
estimating biological condition and completing formal
assessments for water quality reporting requirements.

Documentation
Integral to the success of all components of macroinvertebrate sampling is the maintenance and documentation of the associated data. Given the wide variety of
potential sampling methods, laboratory protocols, and
data summary approaches, a detailed record must be
kept of all data elements. The primary data elements
for sampling techniques are sampling device (including net mesh size, if applicable); type(s) of habitat
sampled; approximate area sampled; number and approximate length of individual sampling efforts (i.e.,
five one-minute kicknet efforts); length of incubation
(if artificial substrates are used); extent to which individual sampling efforts are grouped together; and
the number of replicates. Laboratory processing data
elements should include subsample fraction (percent
of whole sample sorted); target number of individuals
(i.e., 300 individual minimum); number of individuals
per taxon; current scientific nomenclature for each
taxon (with reference to naming organization); stage of
development (larvae, pupa, adult); and QA/QC results
for overall sample lot processing. In addition, laboratory metadata should include subsampling procedure
(e.g., grid, number of cells, aeration); keys used to
identify major taxonomic groups; and target level of
identification for major taxonomic groups (i.e., family, genus, species). Data summary approach elements
should include final metric and index results for each
replicate/sample and reference to applicable index. The
referenced index should detail the computation of individual metrics and the final index score, as well as the
distribution of index scores for the reference condition
and the method for threshold establishment. The ideal
data storage vehicle is a relational database that allows
for the efficient and long-term storage of large quantities of data in a consistent manner.
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APPENDIX E: DATA SHEETS
This appendix contains data sheets for
• site information,
• monumented cross-sections,
• longitudinal profile,
• grain size distribution,
• water quality,
• riparian plant community structure, and
• photo stations.
Data sheets are available for downloading from www.gulfofmaine.org/streambarrierremoval.
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Stream Barrier Removal Monitoring
Site Information
Stream Name:

Site Name:

SITE ID#:

Date of Removal:

Watershed Area (mi2):

Stream Order:

Town:

State:

Province:

Latitude (__°__'__'')

Longitude (__°__'__'')

Benchmark Location:

Project Datum:

Circle One

Barrier Type

Dam

Culvert

Other

Reason For Removal

Fish Passage

Habitat Improvement

Public Safety

Economics

Fish Passage Barrier?

Yes

No

Impoundment?

Yes

No

Urban (%)

Agricultural (%)

Residential (%)

Natural (%)

Adjacent Landuse

Assessors Name:

Affiliation:

Phone Number:

Email:
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Cross-Section Survey Data Sheet
Site Name:

SITE ID #:

Town, State/Province:

Stream Name:

Pre-restoration

Form #___ of ____

(circle Date:

Post-restoration

Form completed by:

Time (24hr):

Investigators:
CROSS SECTION
ID #

Left Monument

(UTM)

N

E

Right Monument (UTM)

N

E

Location Description

Benchmark Description

Left Monument Description

Right Monument Description

Station

Backsight

Elevation

(BS)

Height of
Instrument (HI)

Foresight

(STA)

(FS)

(ELEV)

ft.

ft.

ft.

ft.

ft.

Legend

HI = ELEV + BS;

TP ELEV = HI - FS;

Notes

New HI = TP ELEV + BS

LB
= Left
Edge
ofEdge
Waterof Water BKF = Bankfu
LB:
Left B
BankLEW = Left
LEW:
Left
BKF: Bankfull
RB:
REW:Edge
Right
CL: Center Line
REW = Right
ofEdge
Waterof WaterCL = Center
RB
= Right Bank

BMBM:
= Benchmark
Benchmark
TurningPoint
Point
TPTP:
= Turning
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Cross-Section Survey Data Sheet (2)

Form #___ of ____

Site Name:

SITE ID #:

XS ID #

Date:

Investigators:

Station

Backsight

Height of Instrument

Foresight

Elevation

(STA)

(BS)

(HI)

(FS)

(ELEV)

ft

ft

ft

ft

ft

Legend

HI = ELEV + BS;

TP ELEV = HI - FS;

LB
Left Edge
Water
LB:= Left Bank
Bank LEW =LEW:
LeftofEdge
of Water
RB:
Right
Bank
REW:
Right
Edge
of Water
RB = Right Ba REW = Right Edge of Water

Notes

New HI = TP ELEV + BS

BKF BKF:
= Bankfull
Bankfull

BM
= Benchmark
BM:
Benchmark

Center
CL CL:
= Center
L Line

TP:=Turning
TP
Turning Point
Point
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Longitudinal Profile Survey Data Sheet
Site Name:

SITE ID #

Town, State/Province:

Stream Name:

Pre-restoration

Post-restoration

(circle one)

Form completed by:

Form #___ of ____

Date:
Time (24hr):

Investigators:
LONG PROFILE ID # US end (UTM) N

E

DS end (UTM) N

E

Starting Location Description

Station

Backsight

(STA)

(BS)

ft.

ft.

Legend

Benchmark Description

Height of
Foresight
(FS)
Instrument (HI)
ft.

HI = ELEV + BS;

ft.

Elevation
(ELEV)

Notes

ft.

TP ELEV = HI - FS;

LB
Left Bank
Ban LEW =LEW:
BKF = Bankful
Left Edge
of Water
LB:= Left
Left Edge
of Water
BKF: Bankfull
RB:= Right
of Water
CL: LCenter Line
RightRight
EdgeEdge
of Water
RB
Right Bank
Ba REW =REW:
CL = Center

New HI = TP ELEV + BS
= Benchmark
BM:BM
Benchmark
TP: TP
Turning
Point Point
= Turning
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Longitudinal Profile Survey Data Sheet (2)
Site Name:

SITE ID #:

Date:

LP ID #:

Investigators:

Station

Backsight

(STA)

(BS)

ft.

ft.

Legend

Form #___ of ____

Height of
Instrument (HI)
ft.

HI = ELEV + BS;

Foresight

Elevation

(FS)

(ELEV)

ft.

ft.

TP ELEV = HI - FS;

LB
LeftBank
Bank LEWLEW:
BKF BKF:
= Bankful
= LeftLeft
Edge
of Water
LB:=Left
Edge
of Water
Bankfull
RB:=Right
Right
Edge
of Water CL CL:
CenterL Line
= Right
Edge
of Water
RB
RightBank
Ba REWREW:
= Center

Notes

New HI = TP ELEV + BS
BM = Benchmark
BM: Benchmark
TP: Turning
Point Point
TP = Turning
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Pebble Count Data Sheet

Form #___ of ____

Site Name:

SITE ID #

Town, State/Province:

Stream Name:

Pre-restoration

Post-restoration

(circle one)

Date:

Form completed by:

Time (24hr):

Investigators:
CROSS SECTION ID #

Description/notes:

Size Class
(mm)

Count

Total
(#)

Frequency
(%)

>=256
<256
<180
<128
<90
<64
<45
<32
<22.6
<16
<11.3
<8
<5.6
<4
TOTAL:
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Cumulative
(% Finer)

Water Quality Data Sheet

Form #____ of _____

Site Name:

SITE ID #:

Town, State/Province:

Stream Name:

Pre-restoration

Post-restoration

(circle one)

Date:

Form completed by:
Investigators:

Station

X Section
ID #

Depth

Temp

Dissolved
Oxygen

Oxygen
Saturation

Specific
Conductance

(ft)

(° C)

(mg/l)

(%)

(uS/cm)

(ft)

(° C)

(mg/l)

(%)

(uS/cm)

A
B
C
Replicate
Station ___
Vertical Profile- Station B
Weather Notes:

Surface
1
2
3
4
5
6
7
8
9
10
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Time

Wetland-Riparian Plant Community Monitoring Data Form
Site Name:

SITE ID #:

Town, State/Province:

Stream Name:

Pre-restoration

Date:

Post-restoration (circle one)

Form #___ of ____

Form Completed By:
Investigators:
VEG PLOT ID #

CROSS SECTION ID #

Plant Species and Layer Type*

Stratum

% Cover

Plant Cover and Other Observations**

Large Woody Debris (number and description):

Leaf, Needle, and other Plant Cover (eg,, Mast, Invasive plants):

Notes

*Herbaceous (H), tree (T), and shrub and sapling (S) layers. Note, also record the percent barren ground.
**Description of plant condition may include plant height measurement, indication of
flowering/inflorescence, presence of chlorosis, signs of disease, insect infestation or presence of animal
browsing/grazing. Other observations may include indication of whether plant was planted or seeded and
whether site has undergone natural or human disturbance.

Cover Class

Range (%)

Mean (%)

T
1

<1
1-5

None
3

2
3
4
5

6-15
16-25
26-50
51-75

10.5
20.5
38

6

76-95

7

96-100
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63
85.5
98

Wetland-Riparian Plant Community Monitoring Data Form (2)
Site Name:

SITE ID #:

Town, State/Province:

Stream Name:

Investigators:

Date:

VEG PLOT ID #

CROSS SECTION ID #

Plant Species and Layer Type*

Notes

Form #___ of ____

Stratum

% Cover

Plant Condition and Other Observations**

Cover Class

Range (%)

Mean (%)

T
1
2
3
4
5
6
7

<1
1-5
6-15
16-25
26-50
51-75
76-95
96-100

None
3
10.5
20.5
38
63
85.5
98
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Photo Station
Description

Post-restoration

Photo

(circle one)

#

Compass
Bearing

Photographer

Stream Name:

Time

Photo Monitoring Data Form

Cross Section
ID #

Distance Along
Section

Stream Barrier Removal Monitoring Guide | 2007
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General Notes or Comments: (weather, rainfall data, cloud cover, time of sunrise and sunset, other pertinent information

Photo Station
ID #

Pre-restoration

Form Completed By:

Site Name:

X- Subject Description
Upstream
or Downstream

Date:

SITE ID #

Form #___ of ____

AppendixD–Hydrology,InSituAquaTROLL200
Equipment:
Manufacturer:
InͲSitu,Inc.
221EastLincolnAve.
FortCollins,Colorado80524
www.inͲsitu.com
1Ͳ800Ͳ446Ͳ7488

InͲSituAquaTROLL200waterlevel,pressure,conductivity,temperaturelogger:Usermanual
availableat:https://inͲsitu.com/support/documents/aquaͲtrollͲ100Ͳ200Ͳ
manual/download/305

InͲSituAntifoulingTROLLShieldGuard:https://inͲsitu.com/support/documents/antifoulingͲ
trollͲshieldͲguardͲinstructionͲsheet/download/1082

InͲSituAntifoulingTROLLShieldNose:https://inͲsitu.com/support/documents/antifoulingͲtrollͲ
shieldͲnoseͲinstructionͲsheet/download/1085

InͲSituAquaTROLL100Ͳ200Cables:https://inͲsitu.com/support/documents/aquaͲtrollͲ100Ͳ
200ͲstrippedͲandͲtinnedͲfemaleͲcableͲinstructionͲsheet/download/870

InͲSituLargeDesiccantwithABSConnector:https://inͲsitu.com/wpͲ
content/uploads/2014/11/LargeͲDesiccant_Instruction.pdf

Specifications:
x Vented(gauged)pressuremeasurementthroughuseofventedcables
x Fullsystemspecificationsavailableat:https://inͲsitu.com/wpͲ
content/uploads/2014/11/Aqua_TROLL_100_200_Specs.pdf

Software:
x WinͲSitu5,Version5.6.28.6forPC.Availableat:https://inͲ
situ.com/support/documents/winͲsituͲ5Ͳsoftware/#tabͲdownload
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/PUJGZ *O4JUV BOE GJMF B DMBJN XJUI UIF DBSSJFST JOWPMWFE JG UIFSF JT BOZ TVDI EBNBHF EP OPU BUUFNQU UP PQFSBUF UIF JOTUSVNFOU
"DDFTTPSJFT NBZ CF TIJQQFE TFQBSBUFMZ BOE TIPVME BMTP CF JOTQFDUFE GPS QIZTJDBM EBNBHF BOE UIF GVMGJMMNFOU PG ZPVS PSEFS
4FSJBM /VNCFS
5IF TFSJBM OVNCFS JT FOHSBWFE PO UIF CPEZ PG UIF JOTUSVNFOU *U JT BMTP QSPHSBNNFE JOUP UIF JOTUSVNFOU BOE EJTQMBZFE XIFO UIF
JOTUSVNFOU JT DPOOFDUFE UP B DPNQVUFS SVOOJOH 8JO4JUV¥  PS 8JO4JUV¥ .PCJMF 4PGUXBSF 8F SFDPNNFOE UIBU PXOFST LFFQ B
TFQBSBUF SFDPSE PG UIJT OVNCFS

5P 0VS $VTUPNFST
5IBOL ZPV GPS ZPVS QVSDIBTF PG BO *O4JUV QSPEVDU 8F BSF HMBE ZPV DIPTF VT BOE PVS QSPEVDUT UP IFMQ ZPV XJUI ZPVS
FOWJSPONFOUBM NPOJUPSJOH OFFET *O4JUV *OD IBT CFFO EFTJHOJOH BOE NBOVGBDUVSJOH XPSMEDMBTT FOWJSPONFOUBM NPOJUPSJOH
JOTUSVNFOUBUJPO GPS PWFS  ZFBST JO UIF 3PDLZ .PVOUBJOT PG UIF 6OJUFE 4UBUFT "T JU XBT JO UIF CFHJOOJOH PVS FYQFDUBUJPO JT UIBU
UIJT QSPEVDU XJMM QSPWJEF ZPV XJUI NBOZ USPVCMFGSFF ZFBST PG VTF 5P UIBU FOE XF QSJEF PVSTFMWFT PO EFMJWFSJOH UIF CFTU DVTUPNFS
TFSWJDF BOE TVQQPSU QPTTJCMF IPVST B EBZ  EBZT B XFFL 8F CFMJFWF UIBU UIJT MFWFM PG DPNNJUNFOU UP ZPV PVS DVTUPNFS JT
JNQFSBUJWF JO IFMQJOH ZPV FOTVSF DMFBO TBGF HSPVOEXBUFS BOE TVSGBDF XBUFS SFTPVSDFT BSPVOE UIF HMPCF 8F BMTP VOEFSTUBOE UIF
OFFE GPS BDDVSBUF SFMJBCMF BTTFTTNFOUT BOE XF DPOUJOVF UP NBLF TJHOJGJDBOU JOWFTUNFOUT JO 3FTFBSDI BOE %FWFMPQNFOU UP FOTVSF
UIBU XF EFMJWFS UIF MBUFTU QSPEVDU BOE UFDIOPMPHJDBM JOOPWBUJPOT UP TVQQPSU ZPVS OFFET
8IFUIFS ZPV BSF HBUIFSJOH JOGPSNBUJPO BCPVU B CPEZ PG XBUFS GPS B GFX NPNFOUT PS PWFS B QFSJPE PG ZFBST ZPV DBO SFMZ VQPO VT
UP QSPWJEF ZPV XJUI B RVBMJUZ QSPEVDU BOE PVUTUBOEJOH DVTUPNFS TVQQPSU BU B GBJS QSJDF BOE IBWF UIBU QSPEVDU EFMJWFSFE UP ZPV
XIFO BOE XIFSF ZPV OFFE JU
8F XBOU ZPVS FYQFSJFODF XJUI *O4JUV *OD UP CF QMFBTBOU BOE QSPGFTTJPOBM XIFUIFS ZPV BSF SFOUJOH PS QVSDIBTJOH GSPN VT 8F
XPVME CF QMFBTFE UP IFBS GSPN ZPV BOE UP MFBSO NPSF BCPVU ZPVS OFFET BOE ZPVS FYQFSJFODFT XJUI PVS QSPEVDUT "HBJO XF UIBOL
ZPV GPS DIPPTJOH *O4JUV *OD BOE XF MPPL GPSXBSE UP TFSWJOH ZPVS OFFET OPX BOE JO UIF GVUVSF
8BSSBOUZ 1SPWJTJPOT
*O4JUV¥ *OD *O4JUV XBSSBOUT UIBU BMM OFX "RVB 530--¥  BOE  *OTUSVNFOUT TIBMM CF GSFF GSPN EFGFDUT JO NBUFSJBMT BOE
XPSLNBOTIJQ GPS B QFSJPE PG UXP ZFBST XIFO QSPQFSMZ JOTUBMMFE BOE PQFSBUFE JO BDDPSEBODF XJUI UIF JOTUSVDUJPO NBOVBMT QSPWJEFE
CZ PS BWBJMBCMF UISPVHI *O4JUV *OD BOE XIFO VTFE XJUIJO UIF EFTJHO TQFDJGJDBUJPOT GPS UIF QSPEVDU 1SPEVDUT BOE BDDFTTPSZ
QSPEVDUT JODMVEJOH CBUUFSJFT XIJDI BSF NBOVGBDUVSFE CZ PUIFST DBSSZ UIF XBSSBOUZ PG UIBU NBOVGBDUVSFS PS  EBZT XIJDIFWFS JT
HSFBUFS 5IF XBSSBOUZ QFSJPE GPS BMM QSPEVDUT CFHJOT PO UIF EBZ UIF QSPEVDU JT TIJQQFE UP UIF DVTUPNFS PS EJTUSJCVUPS 5IF
DPNQMFUF 8BSSBOUZ 1PMJDZ JT BWBJMBCMF PO UIF *O4JUV XFCTJUF

)PX UP $POUBDU 6T

5FDIOJDBM 4VQQPSU
 PQUJPO 
5PMMGSFF  IPVST B EBZ JO UIF 64" BOE $BOBEB
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"EESFTT

1IPOF
'BY
*OUFSOFU
FNBJM

*O4JUV *OD
 &BTU -JODPMO "WF
'PSU $PMMJOT $0  64"
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TVQQPSU!JOTJUVDPN

5P 0CUBJO 3FQBJS 4FSWJDF
*G ZPV TVTQFDU UIBU ZPVS JOTUSVNFOU JT NBMGVODUJPOJOH BOE SFQBJS JT SFRVJSFE ZPV DBO IFMQ FOTVSF FGGJDJFOU TFSWJDJOH CZ GPMMPXJOH
UIFTF HVJEFMJOFT
 $BMM PS FNBJM *O4JUV 5FDIOJDBM 4VQQPSU TVQQPSU!JOTJUVDPN  )BWF UIF FRVJQNFOU XJUI ZPV XIFO ZPV DBMM
 #F QSFQBSFE UP EFTDSJCF UIF QSPCMFN JODMVEJOH IPX UIF JOTUSVNFOU XBT VTFE BOE UIF DPOEJUJPOT OPUFE BU UIF UJNF PG UIF
NBMGVODUJPO
 *G 5FDI 4VQQPSU EFUFSNJOFT UIBU TFSWJDF JT OFFEFE UIFZ XJMM BTL UIBU ZPV EPXOMPBE BOE DPNQMFUF B 3FUVSO .BUFSJBMT
"VUIPSJ[BUJPO 'PSN BWBJMBCMF PO UIF *O4JUV XFCTJUF VOEFS $POUBDU3FUVSOT GPS 4FSWJDF
 $MFBO UIF JOTUSVNFOU BOE DBCMF %FDPOUBNJOBUF UIPSPVHIMZ JG JU IBT CFFO VTFE JO B UPYJD PS IB[BSEPVT FOWJSPONFOU 4FF
(VJEFMJOFT GPS $MFBOJOH 3FUVSOFE &RVJQNFOU PO QBHF 
 3FNPWF BMM TFOTPST BOE BDDFTTPSJFT UIBU BSF OPU SFRVJSFE GPS UIF SFQBJS QSJPS UP SFUVSOJOH VOJU
 .BSL UIF 3." OVNCFS DMFBSMZ PO UIF TJEF PG UIF CPY XJUI B NBSLFS PS MBCFM 1MFBTF LFFQ ZPVS 3." OVNCFS GPS GVUVSF SFGFSFODF
3FUVSO VOJU GPS SFQBJS UP UIF GPMMPXJOH BEESFTT
*O4JUV *OD "UUO 3." 99999
 & -JODPMO "WF
'PSU $PMMJOT $0 
64"
5P SFEVDF XBTUF QMFBTF VTF ZPVS PSJHJOBM TIJQQJOH DPOUBJOFS JG JU JT JO HPPE DPOEJUJPO 5IF XBSSBOUZ EPFT OPU DPWFS EBNBHF
EVSJOH USBOTJU 8F SFDPNNFOE UIF DVTUPNFS JOTVSF BMM TIJQNFOUT 8BSSBOUZ SFQBJST XJMM CF TIJQQFE CBDL QSFQBJE
(VJEFMJOFT GPS $MFBOJOH 3FUVSOFE &RVJQNFOU
1MFBTF IFMQ VT QSPUFDU UIF IFBMUI BOE TBGFUZ PG PVS FNQMPZFFT CZ DMFBOJOH BOE EFDPOUBNJOBUJOH FRVJQNFOU UIBU IBT CFFO
TVCKFDUFE UP BOZ QPUFOUJBM CJPMPHJDBM PS IFBMUI IB[BSET BOE MBCFMJOH TVDI FRVJQNFOU 6OGPSUVOBUFMZ XF DBOOPU TFSWJDF ZPVS
FRVJQNFOU XJUIPVU TVDI OPUJGJDBUJPO 1MFBTF DPNQMFUF BOE TJHO UIF GPSN PO QBHF  PS B TJNJMBS TUBUFNFOU DFSUJGZJOH UIBU UIF
FRVJQNFOU IBT CFFO DMFBOFE BOE EFDPOUBNJOBUFE BOE TFOE JU BMPOH UP VT XJUI FBDI EPXOIPMF JOTUSVNFOU
t 8F SFDPNNFOE B DMFBOJOH TPMVUJPO TVDI BT "MDPOPY¥ B HMBTTXBSF DMFBOJOH QSPEVDU BWBJMBCMF GSPN *O4JUV $BUBMPH /P 
BOE MBCPSBUPSZ TVQQMZ IPVTFT
t %0 /05 SFNPWF UIF OPTF DPOF %0 /05 VTF BOZ PCKFDU UP DMFBO UIF TFOTPS GBDF
t $MFBO UIF QSFTTVSF TFOTPS CZ TPBLJOH POMZ JO DMFBOJOH TPMVUJPO PS DMFBO XBUFS
t $MFBO BMM DBCMJOH 3FNPWF BMM GPSFJHO NBUUFS
t $MFBO DBCMF DPOOFDUPS T XJUI B DMFBO ESZ DMPUI %P OPU TVCNFSHF
t $MFBO UIF QSPCF CPEZJODMVEJOH UIF OPTF
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%FDPOUBNJOBUJPO BOE $MFBOJOH 4UBUFNFOU
*G BO JOTUSVNFOU JT SFUVSOFE UP PVS 4FSWJDF $FOUFS GPS SFQBJS PS SFDBMJCSBUJPO XJUIPVU B TUBUFNFOU UIBU JU IBT CFFO DMFBOFE BOE
EFDPOUBNJOBUFE PS JO UIF PQJOJPO PG PVS 4FSWJDF 3FQSFTFOUBUJWFT QSFTFOUT B QPUFOUJBM IFBMUI PS CJPMPHJDBM IB[BSE XF SFTFSWF UIF SJHIU
UP XJUIIPME TFSWJDF VOUJM QSPQFS DFSUJGJDBUJPO IBT CFFO PCUBJOFE

$PNQBOZ OBNF
"EESFTT
$JUZ
*OTUSVNFOU 5ZQF
$POUBNJOBOUT JG LOPXO

1IPOF
4UBUF
4FSJBM /VNCFS

;JQ

%FDPOUBNJOBUJPO QSPDFEVSF VTFE
$MFBOJOH WFSJGJFE CZ
%BUF



5JUMF
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4ZTUFN $PNQPOFOUT
*OTUSVNFOU
5IF DPNQMFUFMZ TFBMFE "RVB 530-- *OTUSVNFOU DPOUBJOT DPOEVDUJWJUZ BOE UFNQFSBUVSF TFOTPST SFBMUJNF DMPDL NJDSPQSPDFTTPS
TFBMFE MJUIJVN CBUUFSZ EBUB MPHHFS BOE NFNPSZ "RVB 530--  *OTUSVNFOUT JODMVEF B WFOUFE PS OPOWFOUFE QSFTTVSF TFOTPS JO
B WBSJFUZ PG SBOHFT

$BCMF
4FWFSBM CBTJD DBCMF UZQFT BSF VTFE JO UIF "RVB 530-- TZTUFN
z

3VHHFE$BCMF¥ 4ZTUFN 516KBDLFUFE 5IFSNPQMBTUJD 1PMZVSFUIBOF WFOUFE PS OPOWFOUFE

z

7FOUFE 5FG[FM¥KBDLFUFE DBCMF &5'& GMVPSPQPMZNFS

z

1PMZDPBUFE TUBJOMFTT TUFFM TVTQFOTJPO XJSF GPS EFQMPZNFOU PG B OPOWFOUFE JOTUSVNFOU

z

$PNNVOJDBUJPO DBCMFT GPS QSPHSBNNJOH UIF EFWJDF EPXOMPBEJOH UIF MPHHFE EBUB

3VHHFE$BCMF 4ZTUFN
$BCMF JODMVEFT DPOEVDUPST GPS QPXFS BOE DPNNVOJDBUJPO TJHOBMT B XFJHIUCFBSJOH
TUSVDUVSF BOE B ,FMMFNT¥ HSJQ UP BODIPS UIF "RVB 530-- *OTUSVNFOU TFDVSFMZ $BCMF
JT BWBJMBCMF JO TUBOEBSE BOE DVTUPN MFOHUIT 6QIPMF BOE EPXOIPMF FOET BSF
JEFOUJDBM GFNBMF UXJTUMPDL DPOOFDUPST UIBU DPOOFDU UP UIF "RVB 530-- *OTUSVNFOU
DBCMF DPOOFDU 530--¥ $PN EFWJDFT EFTJDDBOUT BOE PUIFS BDDFTTPSJFT
7FOUFE DBCMF NVTU CF VTFE XJUI WFOUFE QSFTTVSFMFWFM TFOTPST PO UIF "RVB 530- UP BDIJFWF HBVHFE NFBTVSFNFOUT 5IF DBCMF WFOU UVCF FOTVSFT UIBU BUNPTQIFSJD
QSFTTVSF JT UIF SFGFSFODF QSFTTVSF BQQMJFE UP UIF TFOTPS EJBQISBHN
7FOUFE DBCMF TIJQT XJUI B TNBMM EFTJDDBOU DBQ UIBU TIPVME CF SFQMBDFE XJUI B
MBSHFS WPMVNF EFTJDDBOU CFGPSF ZPV EFQMPZ UIF JOTUSVNFOU JO B IVNJE
FOWJSPONFOU
/POWFOUFE DBCMF NBZ CF VTFE XJUI OPOWFOUFE QSFTTVSFMFWFM TFOTPST PO UIF "RVB
530--  PS  *OTUSVNFOUT UP BDIJFWF BCTPMVUF NFBTVSFNFOUT 7FOUFE DBCMF DBO
BMTP CF VTFE
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3VHHFE$BCMF 4USJQQFEBOE5JOOFE
*O QMBDF PG UIF VQIPMF UXJTUMPDL DPOOFDUPS UIJT DBCMF FOET JO CBSF DPOEVDUPST GPS
XJSJOH UP B MPHHFS PS DPOUSPMMFS VTJOH 4%* BOBMPH  N" PS .PECVT
DPNNVOJDBUJPO QSPUPDPMT 7FOUFE DBCMF JODMVEFT BO PVUCPBSE EFTJDDBOU UP QSPUFDU
BHBJOTU DPOEFOTBUJPO

"MTP BWBJMBCMF JO B TIPSUFS MFOHUI FOEJOH JO B NBMF UXJTUMPDL
DPOOFDUPS UP NBUF XJUI 3VHHFE$BCMF
4FF "OBMPH 4%* BOE .PECVT $POOFDUJPOT PO QBHF 

4VTQFOTJPO 8JSF
1PMZDPBUFE TUBJOMFTT TUFFM TVTQFOTJPO DBCMF JT JEFBM GPS EFQMPZNFOU PG JOTUSVNFOUT
XJUI OPOWFOUFE QSFTTVSF TFOTPST

4NBMM %FTJDDBOU

7FOUFE DBCMF JODMVEFT B DMFBS DBQ PG JOEJDBUJOH TJMJDB EFTJDDBOU UP QSPUFDU UIF DBCMF BOE
FMFDUSPOJDT GSPN DPOEFOTBUJPO EVSJOH TIJQQJOH *O IVNJE FOWJSPONFOUT SFQMBDF UIF TNBMM
EFTJDDBOU XJUI B MBSHFSWPMVNF EFTJDDBOU CFGPSF EFQMPZJOH UIF JOTUSVNFOU
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-BSHF %FTJDDBOU
5IF PQUJPOBM IJHIWPMVNF EFTJDDBOU QBDL BUUBDIFT UP WFOUFE DBCMF BOE JT BWBJMBCMF XJUI B
UJUBOJVN PS QMBTUJD UXJTUMPDL DPOOFDUPS 3FGJMM LJUT BSF BWBJMBCMF GSPN *O4JUV *OD PS ZPVS
EJTUSJCVUPS

0VUCPBSE %FTJDDBOU
7FOUFE TUSJQQFEBOEUJOOFE DBCMF JODMVEFT BO PVUCPBSE EFTJDDBOU QBDL BUUBDIFE UP UIF
DBCMF WFOU UVCF BOE JT UIF TBNF TJ[F BT UIF MBSHF EFTJDDBOU 3FQMBDFNFOUT BOE SFGJMMT BSF
BWBJMBCMF

"DDFTTPSZ
4NBMM EFTJDDBOU 
-BSHF EFTJDDBOU "#4 DPOOFDUPS
-BSHF EFTJDDBOU UJUBOJVN DPOOFDUPS
0VUCPBSE EFTJDDBOU SFQMBDFNFOU
3FGJMM LJU GPS MBSHF  PVUCPBSE EFTJDDBOU



$BUBMPH /P
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$PNNVOJDBUJPO $BCMFT
530-- $PN EFWJDFT FOBCMF BO JOTUSVNFOU UP DPNNVOJDBUF XJUI B EFTLUPQMBQUPQ 1$ PS
IBOEIFME 1%" GPS QSPGJMJOH DBMJCSBUJOH QSPHSBNNJOH BOE EPXOMPBEJOH 530-- $PN EFWJDFT
JODMVEF  N  GU WFOUFE QPMZVSFUIBOF DBCMF FYUFSOBM QPXFS JOQVU KBDL BOE B WFOU XJUI
SFQMBDFBCMF NFNCSBOF
530-- $PN $BCMF $POOFDU
$POOFDUT B 3VHHFE$BCMF UP B TFSJBM PS 64# QPSU *U JT XFBUIFSQSPPG BOE XJUITUBOET B UFNQPSBSZ
JNNFSTJPO *1 
530-- $PN %JSFDU $POOFDU
$POOFDUT BO "RVB 530-- *OTUSVNFOU EJSFDUMZ UP B TFSJBM PS 64# QPSU *U JT B HPPE DIPJDF GPS
QFSNBOFOU DPOOFDUJPO UP B 1$ PS GPS QSPHSBNNJOH B OPOWFOUFE "RVB 530-- *OTUSVNFOU UIBU
XJMM CF EFQMPZFE XJUIPVU 3VHHFE$BCMF *U JT OPU TVCNFSTJCMF PS

"DDFTTPSZ
34 530-- $PN $BCMF $POOFDU
64# 530-- $PN $BCMF $POOFDU
34 530-- $PN %JSFDU $POOFDU
64# 530-- $PN %JSFDU $POOFDU

$BUBMPH /P





1PXFS $PNQPOFOUT
*OUFSOBM 1PXFS
5IF "RVB 530-- *OTUSVNFOU PQFSBUFT PO  7%$ TVQQMJFE CZ B TFBMFE OPOSFQMBDFBCMF "" MJUIJVN CBUUFSZ #BUUFSZ MJGF EFQFOET
PO TBNQMJOH TQFFE 5IF CBUUFSZ UZQJDBMMZ MBTUT GPS  ZFBST PS   SFBEJOHT XIJDIFWFS PDDVST GJSTU 0OF SFBEJOH JT EFGJOFE BT
EBUF UJNF BOE BMM BWBJMBCMF QBSBNFUFST QPMMFE PS MPHHFE GSPN UIF EFWJDF
&YUFSOBM 1PXFS
&YUFSOBM #BUUFSZ 1BDL
5IF TFBMFE TVCNFSTJCMF 530-- #BUUFSZ 1BDL MJUIJVN TVQQMJFT  7 8IFO UIJT QPXFS TPVSDF JT DPOOFDUFE UIF "RVB
530-- *OTUSVNFOU XJMM VTF UIF FYUFSOBM CBUUFSZ TPVSDF GJSTU BOE TXJUDI UP UIF JOUFSOBM CBUUFSJFT XIFO FYUFSOBM CBUUFSZ QPXFS
JT EFQMFUFE 5ZQJDBM FYUFSOBM CBUUFSZ MJGF XIFO MPHHJOH BMM BWBJMBCMF QBSBNFUFST BU NJOVUF JOUFSWBMT JT BQQSPYJNBUFMZ 
ZFBST
"$ "EBQUFS
*O4JUVT "$ BEBQUFS QSPWJEFT  7%$  " "$ JOQVU   7 JODMVEFT /PSUI "NFSJDBO QPXFS DPSE 5IF
1SPHSBNNJOH $BCMF JODMVEFT BO FYUFSOBM QPXFS JOQVU GPS DPOOFDUJPO UP UIJT BEBQUFS

"DDFTTPSZ
&YUFSOBM #BUUFSZ 1BDL
"$ "EBQUFS 7



$BUBMPH̓/P
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*OTUBMMBUJPO "DDFTTPSJFT

5XJTU-PDL )BOHFS
5JUBOJVN IBOHFS UP TFBM BOE TVTQFOE B OPOWFOUFE "RVB 530-*OTUSVNFOU XIJMF UBLJOH EBUB OP WFOUJOH OP DPNNVOJDBUJPO DBQBCJMJUJFT
$BUBMPH /P 

$BCMF &YUFOEFS
$POOFDUT UXP MFOHUIT PG 3VHHFE$BCMF
$BUBMPH /P 
8FMMDBQ
-PDLJOH BOE WFOUFE
 -PDLJOH 8FMMDBQ
$BUBMPH /P 
 7FOUFE -PDLJOH 8FMMDBQ
$BUBMPH /P 
 -PDLJOH 8FMMDBQ
$BUBMPH /P 
 7FOUFE -PDLJOH 8FMMDBQ
$BUBMPH /P 

5PQ PG 8FMM *OTUBMMBUJPO 3JOH
$BUBMPH /P
8FMMEPDL   PS 

#VMLIFBE $POOFDUPS
1BOFMNPVOUFE CVMLIFBE GPS DPOOFDUJPO UP 3VHHFE$BCMF
$BUBMPH /P 
$POUSPM 4PGUXBSF
8JO4JUV¥  4PGUXBSF JT FBTZUPVTF TPGUXBSF GPS QSPHSBNNJOH "RVB 530-- *OTUSVNFOUT 8JO4JUV QSPWJEFT JOTUSVNFOU DPOUSPM GPS
EJSFDU SFBET BOE QSPGJMJOH DBMJCSBUJPO MPOHUFSN EBUB MPHHJOH EBUB EPXOMPBET EBUB WJFXJOH EBUB FYQPSU UP QPQVMBS TQSFBETIFFU
QSPHSBNT DIPJDF PG VOJUT BOE PUIFS EJTQMBZ PQUJPOT BOE CBUUFSZNFNPSZ VTBHF USBDLJOH 8JO4JUV¥ 1MVT FOBCMFT DPOGJHVSBUJPO PG
OFUXPSLT BOE UFMFNFUSZ .JOJNVN TZTUFN SFRVJSFNFOUT  .)[ 1FOUJVN¥ ** QSPDFTTPS  .# 3".  .# GSFF EJTL TQBDF
*OUFSOFU &YQMPSFS¥  PS IJHIFS 8JOEPXT¥  1SPGFTTJPOBM 41 PS IJHIFS 8JOEPXT 91 1SPGFTTJPOBM 41 PS IJHIFS PS 8JOEPXT
7JTUB 41 PS IJHIFS 8JOEPXT  PS IJHIFS $%30. ESJWF TFSJBM PS 64# QPSU
8JO4JUV¥ .PCJMF 4PGUXBSF QSPWJEFT UIF GFBUVSFT BOE GVODUJPOT PG 8JO4JUV  PO B GJFMEQPSUBCMF QMBUGPSN 3FRVJSFNFOUT *O
4JUV 3VHHFE3FBEFS¥ )BOEIFME 1$ XJUI .JDSPTPGU 8JOEPXT .PCJMF¥ PQFSBUJOH TZTUFN 3VHHFE3FBEFS 8JOEPXT .PCJMF  PS
MBUFS TFSJBM DPNNVOJDBUJPOT QPSU BOE BU MFBTU  .# GPS EBUB TUPSBHF 4% DBSE $' DBSE PS UIF EFWJDFT CVJMUJO OPOWPMBUJMF
NFNPSZ  'PS JOTUBMMBUJPO BOE GJMF FYDIBOHF 8JOEPXT¥  SFRVJSFT 8JOEPXT¥ .PCJMF %FWJDF $FOUFS UP CF JOTUBMMFE PO UIF
DPNQVUFS &BSMJFS WFSTJPOT PG 8JOEPXT SFRVJSF .JDSPTPGU¥ "DUJWF4ZOD¥
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"DDFTTPSZ
8JO4JUV  OP MJDFOTF SFRVJSFE
8JO4JUV  1MVT MJDFOTF
8JO4JUV .PCJMF MJDFOTF GPS 3VHHFE3FBEFS
8JO4JUV .PCJMF MJDFOTF VQHSBEF GSPN 1PDLFU4JUV 

$BUBMPH /P





1SPEVDU 4QFDJGJDBUJPOT (FOFSBM

"RVB 530--  BOE  *OTUSVNFOUT
5FNQFSBUVSF SBOHFT

0QFSBUJPOBM̓ UP ¡ $  UP ¡ '
4UPSBHF̓ UP ¡̓$  UP ¡ '
$BMJCSBUFE̓ UP ¡ $  UP ¡ '

.BY 1SFTTVSF GPS "RVB 530-- 

QTJ  GU

%JNFOTJPOT BOE XFJHIU

%JBNFUFS 0%   DN  JO
-FOHUI̓ DN  JO
8FJHIU  LH  MC

.BUFSJBMT

5JUBOJVN CPEZ BOE TFOTPST %FMSJO OPTF DPOF
17$̓DPOEVDUJWJUZ DFMM

0VUQVU PQUJPOT

.PECVT 4%* BOE  N"

#BUUFSZ UZQF BOE MJGF

7 MJUIJVN  ZFBST PS   SFBEJOHT

&YUFSOBM QPXFS

 7%$

.FNPSZ
%BUB SFDPSET
%BUB MPHT

 .#
 


-PH UZQFT

-JOFBS -JOFBS "WFSBHF BOE &WFOU

'BTUFTU MPHHJOH SBUF

-JOFBS  QFS NJOVUF -JOFBS "WFSBHF  QFS NJOVUF &WFOU 
QFS TFDPOE

'BTUFTU PVUQVU SBUF

 QFS TFDPOE

1SPEVDU 4QFDJGJDBUJPOT $POEVDUJWJUZ 4FOTPS

$POEVDUJWJUZ 4FOTPS

5ZQF #BMBODFE FMFDUSPEF DFMM

.FUIPET

&1"̓.FUIPE  4UBOEBSE .FUIPET 
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3BOHF BDDVSBDZ BOE SFTPMVUJPO

1BSBNFUFST TVQQPSUFE
"DUVBM DPOEVDUJWJUZ
4QFDJGJD DPOEVDUJWJUZ
4BMJOJUZ
5PUBM EJTTPMWFE TPMJET
3FTJTUJWJUZ
%FOTJUZ XBUFS TBMJOJUZ

3BOHF  UP   4DN
"DDVSBDZ  PG SFBEJOH ̓ 4DN XIFO SFBEJOH MFTT UIBO
  4DN  PG SFBEJOH BCPWF   4DN
3FTPMVUJPO̓ 4DN
3BOHF
 UP   4DN
 UP   4DN
 UP  146
 UP  QQU
 UP   0INTDN
 UP  HDNಢ

6OJUT
4DN N4DN
4DN N4DN
146
QQU QQN
0INTDN
HDNಢ

1SPEVDU 4QFDJGJDBUJPOT 1SFTTVSF "RVB 530-- *OTUSVNFOU

1SFTTVSF-FWFM 4FOTPS

5ZQF̓1JF[PSFTJTUJWF 1SFTTVSFMFWFM BSF
BWBJMBCMF POMZ UP UIF "RVB 530-- 
*OTUSVNFOU
"CTPMVUF OPOWFOUFE
 QTJB  N  GU
 QTJB̓ N  GU
 QTJB̓ N  GU
 QTJB̓ N  GU

3BOHF

(BVHFE WFOUFE
 QTJH  N
 GU
 QTJH  N 
GU
 QTJH̓ N 
GU
 QTJH̓ N
 GU
 QTJH̓ N
 GU
 QTJH̓ N
 GU

#VSTU QSFTTVSF

.BYJNVN Y SBOHF CVSTU Y SBOHF

"DDVSBDZ BOE SFTPMVUJPO

"DDVSBDZ ! ¡ $  GVMM TDBMF '4 
"DDVSBDZ  UP ¡ $  '4
3FTPMVUJPO  '4 PS CFUUFS

6OJUT PG NFBTVSF

1SFTTVSF̓QTJ L1B CBS NCBS NN)H JO)H
DN)0 JO)0
-FWFM̓JO GU NN DN N

1SPEVDU 4QFDJGJDBUJPOT 5FNQFSBUVSF

5FNQFSBUVSF 4FOTPS
.FUIPE

&1"̓.FUIPE 

"DDVSBDZ BOE SFTPMVUJPO

"DDVSBDZ̓¡ $ PS CFUUFS

6OJUT PG NFBTVSF

$FMTJVT PG 'BISFOIFJU

1SPEVDU 4QFDJGJDBUJPOT 'PPUOPUFT
5FNQFSBUVSF SBOHF GPS OPOGSFF[JOH MJRVJET
5ZQJDBM CBUUFSZ MJGF XIFO VTFE XJUIJO UIF GBDUPSZDBMJCSBUFE UFNQFSBUVSF SBOHF
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 SFBEJOH  EBUFUJNF QMVT BMM BWBJMBCMF QBSBNFUFST QPMMFE PS MPHHFE GSPN EFWJDF
 EBUB SFDPSE  EBUFUJNF QMVT  QBSBNFUFST MPHHFE OP XSBQQJOH GSPN EFWJDF
&YUFSOBM QPXFS PS CBUUFSZ QBDL JT SFDPNNFOEFE XIFO VTJOH -JOFBS "WFSBHF PS &WFOU MPHHJOH NPEFT
1BSBNFUFST EFSJWFE GSPN UFNQFSBUVSF BU ¡ $ BOE BDUVBM DPOEVDUJWJUZ SBOHF PG  UP   4DN XJUI B 
BDDVSBDZ
%FSJWFE GSPN 4UBOEBSE .FUIPET #

 4DN

%FGJOFE CZ UIF 1SBDUJDBM 4BMJOJUZ 4DBMF  4UBOEBSE .FUIPET #
3FBMUJNF MFWFM DPNQFOTBUJPO CBTFE PO XBUFS EFOTJUZ
"DDVSBDZ XJUI N" PVUQVU PQUJPO  '4
"DSPTT GBDUPSZDBMJCSBUFE QSFTTVSF SBOHF
"DSPTT GBDUPSZDBMJCSBUFE QSFTTVSF BOE UFNQFSBUVSF SBOHFT
4QFDJGJDBUJPOT BSF TVCKFDU UP DIBOHF XJUIPVU OPUJDF
%FMSJO JT B SFHJTUFSFE USBEFNBSL PG &M EV1POU EF /FNPVST BOE $PNQBOZ
/*45̓JT B SFHJTUFSFE USBEFNBSL PG UIF /BUJPOBM *OTUJUVUF PG 4UBOEBSET BOE 5FDIOPMPHZ

(FUUJOH 4UBSUFE
5IJT TFDUJPO QSPWJEFT B RVJDL PWFSWJFX PG UIF JOJUJBM TUFQT OFDFTTBSZ UP HFU UIF JOTUSVNFOU SFBEZ UP DPNNVOJDBUF
z

4FMFDU UIF BQQSPQSJBUF 530-- $PN GPS DPNNVOJDBUJPO 5IJT EFUFSNJOFT UIF IBSEXBSF DPOOFDUJPOT BOE NBZ JOGMVFODF
UIF TPGUXBSF JOTUBMMBUJPO 5IF ESBXJOH PO UIF GPMMPXJOH QBHF TIPXT UIF GVODUJPO PG UIF EJGGFSFOU 530-- $PN NPEFMT

z

*OTUBMM UIF TPGUXBSF

z

$POOFDU UIF IBSEXBSF CBTFE PO UIF TFMFDUFE 530-- $PN

z

0QFO UIF TPGUXBSF BOE FTUBCMJTI DPNNVOJDBUJPO XJUI UIF "RVB 530-- *OTUVSNFOU 4FF 6TJOH 8JO4JUV¥  4PGUXBSF PO
QBHF  GPS BO PWFSWJFX PG 8JO4JUV PQFSBUJPOT

4FMFDU B 530-- $PN GPS $PNNVOJDBUJPO
5IF GJHVSF CFMPX TIPXT UIF GVODUJPO BOE DPOOFDUBCJMJUZ PG UIF EJGGFSFOU NPEFMT PG 530-- $PN
5*14 " %JSFDU $POOFDU 530-- $PN NBZ CF QSFGFSSFE GPS QSPHSBNNJOH BO
"RVB 530-- *OTUSVNFOU UIBU XJMM CF EFQMPZFE PO XJSF
3VHHFE$BCMF BOE B $BCMF $POOFDU 530-- $PN BSF SFRVJSFE GPS
DPNNVOJDBUJPO XJUI UIF EFWJDF XIJMF EFQMPZFE CVU QSPHSBNNJOH DBO CF
EPOF XJUI BOZ 530-- $PN DPOOFDUJPO
"O 34 TFSJBM 530-- $PN JT OFFEFE GPS VTF XJUI B 3VHHFE3FBEFS
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*OTUBMM UIF 4PGUXBSF
*OTUBMM 8JO4JUV  4PGUXBSF GSPN UIF *O4JUV TPGUXBSFSFTPVSDF $% PS GSPN UIF *O4JUV XFCTJUF
z

$MJDL PO 8JO4JUV  BOE GPMMPX UIF JOTUSVDUJPOT UP JOTUBMM 8JO 4JUV  UP ZPVS MPDBM IBSE ESJWF

64# 530-- $PN %SJWFST
*G VTJOH B 64# 530-- $PN CF TVSF UP TFMFDU UIF PQUJPO *OTUBMM 64# 530-- $PN %SJWFST 5XP ESJWFST XJMM CF MPBEFE UP ZPVS IBSE
ESJWF POF GPS UIF 64# 530-- $PN POF GPS UIF 64# 530-- $PN TFSJBM QPSU
8JO4JUV .PCJMF
'PS DPNNVOJDBUJPO VTJOH B 3VHHFE3FBEFS )BOEIFME 1$ JO UIF GJFME JOTUBMM UIF EFTLUPQ DPNQPOFOU PG 8JO4JUV .PCJMF PO B
EFTLUPQMBQUPQ 1$ GSPN UIF $% PS XFCTJUF 5IF EFTLUPQ DPNQPOFOU JT DBMMFE UIF 8JO4JUV 4PGUXBSF .BOBHFS BOE JT OFFEFE UP
JOTUBMM 8JO4JUV .PCJMF PO UIF 3VHHFE3FBEFS
 $MJDL PO 8JO4JUV .PCJMF BOE GPMMPX UIF JOTUSVDUJPOT UP JOTUBMM UIF 8JO4JUV 4PGUXBSF .BOBHFS UP ZPVS MPDBM IBSE ESJWF
 $POOFDU UIF 3VHHFE3FBEFS UP UIF EFTLUPQ DPNQVUFS FTUBCMJTI B DPOOFDUJPO JO .JDSPTPGU "DUJWF4ZOD¥ MBVODI UIF 8JO4JUV
4PGUXBSF .BOBHFS BOE GPMMPX UIF JOTUSVDUJPOT UP JOTUBMM 8JO4JUV .PCJMF PO UIF 3VHHFE3FBEFS
8JO4JUV 4ZOD
*G ZPV QMBO UP TZODISPOJ[F MPH GJMFT GSPN UIF 3VHHFE3FBEFS UP B 1$ BGUFS DPMMFDUJOH EBUB JO UIF GJFME JOTUBMM 8JO4JUV 4ZOD GSPN UIF
$% PS XFCTJUF

$POOFDU UIF )BSEXBSF
 $POOFDU UIF "RVB 530-- *OTUSVNFOU UP UIF TFMFDUFE 530-- $PN BT JMMVTUSBUFE FBSMJFS JO UIJT TFDUJPO
z

%JSFDU $POOFDU "UUBDI WJB QVTIPO DPOOFDUJPO UP UIF "RVB 530-- CBDL FOE

z

$BCMF $POOFDU $POOFDU UIF UXJTUMPDL DPOOFDUPST PO UIF "RVB 530-- *OTUSVNFOU BOE UIF 3VHHFE$BCMF

 *OTFSU UIF 530-- $PN JOUP UIF DPNQVUFS QPSU
64# 530-- $PN
8IFO ZPV QMVH JO B 64# 530-- $PN UIF 64# ESJWFST UIBU XFSF EPXOMPBEFE XIFO ZPV JOTUBMMFE 8JO4JUV  XJMM CF JOTUBMMFE
z
z

z

"GUFS JOTUBMMBUJPO DIFDL BT GPMMPXT UP GJOE XIJDI $0. QPSU UIF DPOOFDUFE 64# 530-- $PN JT VTJOH
8JOEPXT  8JOEPXT 91 $POUSPM 1BOFM  4ZTUFN  )BSEXBSF UBC  %FWJDF .BOBHFS  1PSUT $MJDL UIF QMVT TJHO UP
EJTQMBZ UIF QPSUT
8JOEPXT 7JTUB BOE  $POUSPM 1BOFM  4ZTUFN  %FWJDF .BOBHFS "ENJOJTUSBUPS QFSNJTTJPO SFRVJSFE  1PSUT $MJDL UIF
QMVT TJHO UP EJTQMBZ UIF QPSUT

"GUFS DPOOFDUJPOT BSF NBEF ZPV BSF SFBEZ UP MBVODI UIF TPGUXBSF BOE QSPHSBN UIF "RVB 530-- *OTUSVNFOU 4FF 6TJOH 8JO4JUV¥
 4PGUXBSF PO QBHF  'PS NPSF EFUBJMFE JOGPSNBUJPO TFF UIF 8JO4JUV )FMQ NFOV
5XJTU-PDL $BCMF $POOFDUJPOT
 3FNPWF UIF QSPUFDUJWF DBQT GSPN UIF "RVB 530-- DPOOFDUPS FOE BOE DBCMF DPOOFDUPS FOE

5*1 3FUBJO UIF EVTU DBQT UP QSPUFDU UIF QJOT BOE 0SJOH GSPN EBNBHF XIFO DBCMF JT OPU BUUBDIFE
 -PPL BU UIF DPOOFDUPST &BDI IBT B GMBU TJEF
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/PUF UIF QJOT PO UIF JOTUSVNFOU DPOOFDUPS POF PO FBDI TJEF BOE UIF TMPUT PO UIF DBCMF DPOOFDUPS POF PO FBDI TJEF 

 4MJEF CBDL UIF TMFFWF PO UIF DBCMF DPOOFDUPS

 1PTJUJPO UIF GMBU FEHFT TP UIFZ XJMM DPOOFDU QSPQFSMZ BOE JOTFSU UIF JOTUSVNFOU DPOOFDUPS GJSNMZ JOUP UIF DBCMF DPOOFDUPS

 4MJEF UIF TMFFWF PO UIF DBCMF UPXBSE UIF "RVB 530-- VOUJM UIF QJO PO UIF QSPCF GJUT JOUP UIF SPVOE IPMF JO UIF TMPU PO UIF DBCMF
DPOOFDUPS
 (SBTQ UIF UFYUVSFE TFDUJPO PG UIF DBCMF DPOOFDUPS JO POF IBOE BOE UIF "RVB 530-- JO UIF PUIFS 1VTI BOE UXJTU GJSNMZ TP UIBU
UIF QJO PO UIF CPEZ DPOOFDUPS TMJEFT BMPOH UIF TMPU PO UIF DBCMF DPOOFDUPS BOE MPDLT TFDVSFMZ JOUP UIF PUIFS IPMF

 5P BUUBDI B $BCMF $POOFDU 530-- $PN GJSTU SFNPWF UIF EFTJDDBOU GSPN UIF DBCMF CZ HSBTQJOH UIF UFYUVSFE TFDUJPO PG UIF DBCMF
DPOOFDUPS JO POF IBOE BOE UIF EFTJDDBOU JO UIF PUIFS 5XJTU JO PQQPTJUF EJSFDUJPOT UP VOMPDL UIF EFTJDDBOU GSPN UIF DBCMF

5JQ͇.BLF TVSF ZPV IFBS UIF iDMJDLw 5IF iDMJDLw FOTVSFT UIF DBCMF JT TFDVSFMZ BUUBDIFE
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 1PTJUJPO UIF GMBU FEHFT TP UIFZ XJMM DPOOFDU QSPQFSMZ BOE JOTFSU UIF 530-- $PN DPOOFDUPS GJSNMZ JOUP UIF DBCMF DPOOFDUPS
 1VTI UXJTU BOE DMJDL UP MPDL

6TJOH 8JO4JUV¥  4PGUXBSF
8JO4JUV  4PGUXBSF JT UIF *O4JUV JOTUSVNFOU DPOUSPM TPGUXBSF GPS "RVB 530-- *OTUSVNFOUT 6TF 8JO4JUV UP
z

%JTQMBZ SFBMUJNF SFBEJOHT GSPN UIF DPOOFDUFE "RVB 530-- JO NFUFS UBCVMBS PS HSBQIJD GPSNBU

z

1SPHSBN UIF EFWJDF UP MPH EBUB EPXOMPBE UIF MPHHFE EBUB

z

$BMJCSBUF UIF DPOEVDUJWJUZ TFOTPS TFMFDU PVUQVU QBSBNFUFST BOE VOJUT

z

z

$VTUPNJ[F UIF PVUQVU PG B QSFTTVSFMFWFM TFOTPS UP SFDPSE ESBXEPXO TVSGBDF XBUFS FMFWBUJPO HBVHF IFJHIU TUBHF
IFJHIU FUD
4FU DPNNVOJDBUJPO PQUJPOT JO UIF EFWJDF.PECVT 4%*  BOBMPH *1 UFMFNFUSZ FUD

-BVODI UIF 4PGUXBSF BOE $POOFDU *OTUSVNFOU
 4UBSU 8JO4JUV CZ EPVCMFDMJDLJOH UIF TIPSUDVU
UIF %BUB BSFB i%BUB UBCw TIPXO CFMPX

DSFBUFE PO UIF EFTLUPQ EVSJOH JOTUBMMBUJPO 8JO4JUV PQFOT BOE EJTQMBZT

 $IFDL UIF $0. QPSU 5IF TPGUXBSF NBZ BTL JG ZPV XBOU UP TFMFDU B $0. QPSU %P POF PG UIF GPMMPXJOH
z

z

"OTXFS :FT UP UIF QSPNQU UIFO DIFDL PS DIBOHF UIF QPSU JO UIF $PNN 4FUUJOHT EJBMPH BOE DMJDL 0,
PS

UP DMPTF JU

"OTXFS /P UP CZQBTT UIJT TUFQ

 8JO4JUV BTLT JG ZPV XBOU UP DPOOFDU UP UIF EFWJDF *G UIF "RVB 530-- JOTUSVNFOU JT DPOOFDUFE UP ZPVS DPNQVUFS BT EFTDSJCFE JO
UIF QSFWJPVT TFDUJPO BOTXFS :FT
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 4PGUXBSF DPOOFDUT BOE EJTQMBZT B SFBEJOH PG BMM TVQQPSUFE QBSBNFUFST

5IF )PNF 4DSFFO
z

z

z

/PUF UIF 5BCT BU UIF UPQ PG UIF TDSFFOUIJT JT UIF )PNF UBC XIJDI EJTQMBZT DVSSFOU SFBEJOHT GSPN UIF DPOOFDUFE
EFWJDF
5IF %BTICPBSE TUBUVT BSFB TIPXT UIF EFWJDF NPEFM  TFSJBM OVNCFS CBUUFSZ BOE NFNPSZ VTBHF DMPDL BMBSNT BOE
MPHHJOH TUBUVT
5IF $POUSPM 1BOFM DPOUBJOT BDUJPO CVUUPOT 5P VQEBUF UIF SFBEJOHT JO SFBM UJNF QSFTT
/PUF 8IFO UIJT CVUUPO MPPLT QSFTTFE JO
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QPMMJOH JT BDUJWF #FGPSF ZPV DBO QFSGPSN DFSUBJO TPGUXBSF UBTLT ZPV XJMM OFFE UP TUPQ QPMMJOH CZ QSFTTJOH UIF
CVUUPO BHBJO
$VTUPNJ[JOH UIF )PNF 4DSFFO
$IBOHJOH 6OJUT
 $MJDL UIF 4FOTPST UBC TFMFDU UIF TFOTPS GPS XIJDI ZPV JOUFOE UP DIBOHF VOJUT
 $MJDL UIF i$POGJHVSFw CVUUPO

JO UIF DPOUSPM QBOFM

 *O UIF 4FOTPS 4FUVQ TDSFFO TFMFDU B QBSBNFUFS UIFO TFMFDU B VOJU 3FQFBU GPS FBDI QBSBNFUFS
BT OFDFTTBSZ
 $MJDL 0,

UP SFUVSO UP UIF 4FOTPST UBC

$IBOHJOH UIF 3BUF BU 8IJDI UIF 3FBEJOHT 6QEBUF
"MTP DBMMFE UIF iQPMM SBUF w UIJT DBO SBOHF GSPN  UP  TFDPOET
 4FMFDU 1SFGFSFODFT  )PNF 7JFX 4FUUJOHT
 "EKVTU UIF 1PMM 3BUF %FGBVMU  TFDPOET
$IBOHJOH UIF %FDJNBM 1MBDFT %JTQMBZFE
5P DIBOHF UIF OVNCFS PG EFDJNBM QMBDFT EJTQMBZFE GPS FBDI SFBEJOH
 4FMFDU 1SFGFSFODFT  (FOFSBM 4FUUJOHT
 6OEFS 1BSBNFUFS %FGBVMUT TFMFDU B QBSBNFUFS UIFO UIF iTJHOJGJDBOU EFDJNBM EJHJUTw GPS FBDI QBSBNFUFS
3FBM5JNF (SBQIJOH
5P WJFX B SFBMUJNF USFOE HSBQI DMJDL UIF i(SBQIw CVUUPO
5P WJFX B HSBQI XJUI B EBUB UBCMF CFMPX JU TFMFDU 1SFGFSFODFT  (SBQI 4FUUJOHT $IFDL

UIF %BUB 1BOFM PQUJPO $MJDL 0,

4FU TQFDJGJD JOGPSNBUJPO JO UIF TPGUXBSF 8JO4JUV QSPWJEFT NBOZ PQUJPOT "U B NJOJNVN
z

4FU UIF "RVB 530-- DMPDL

z

&OUFS B OBNF GPS UIF TJUF XIFSF UIF JOTUSVNFOU XJMM DPMMFDU EBUB

z

$BMJCSBUF UIF DPOEVDUJWJUZ TFOTPS

z

&OUFS EBUB MPHHJOH JOTUSVDUJPOT

" CSJFG PWFSWJFX JT QSPWJEFE IFSF 'PS NPSF EFUBJMFE JOGPSNBUJPO TFF UIF 8JO4JUV )FMQ NFOV

4FU UIF $MPDL
%BUB DPMMFDUJPO TDIFEVMFT EFQFOE PO UIF EFWJDFT SFBMUJNF DMPDL #PUI UIF EFWJDF DMPDL BOE UIF TZTUFN 1$ DMPDL BSF TIPXO PO
UIF EBTICPBSE 5IF DMPDLT VQEBUF FWFSZ  TFDPOET *G UIF EFWJDF DMPDL EJGGFST CZ NPSF UIBO  TFDPOET GSPN UIF TZTUFN DMPDL UIF
EFWJDF DMPDL JT EJTQMBZFE JO SFE 5P TZODISPOJ[F UIF DMPDLT DMJDL UIF i4ZODw CVUUPO
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"EE B 4JUF
-PHHFE EBUB BSF PSHBOJ[FE BOE GJMFE CZ UIF TJUF XIFSF UIF EBUB XFSF MPHHFE 5IJT GFBUVSF DBO IFMQ ZPV NBOBHF EBUB GSPN
NVMUJQMF TJUFT :PV DBO DSFBUF BT NBOZ TJUFT BT ZPV MJLF XJUI PS XJUIPVU BO "RVB 530-- DPOOFDUFE 4JUFT BSF TUPSFE JO UIF TJUF
EBUBCBTF JO ZPVS 8JO4JUV XPSLJOH EJSFDUPSZ BOE BSF BWBJMBCMF UP TFMFDU GPS BOZ "RVB 530-- BOZ MPH :PV XJMM OFFE B TJUF XIFO
TFUUJOH VQ B EBUB MPH )FSF BSF UIF TUFQT UP TFU VQ B OFX TJUF
 0O UIF %BUB UBC DMJDL UIF 4JUF %BUB GPMEFS
 4FMFDU 'JMF NFOV  /FX  4JUF
5*1 " EFGBVMU TJUF JT TVQQMJFE BOE NBZ CF VTFE CVU JU EPFT OPU DPOUBJO BOZ TQFDJGJD JOGPSNBUJPO PO UIF MPDBUJPO EBUB DPMMFDUJPO
TJUF 'PS NPSF JOGPSNBUJPO PO TJUFT TFF 8JO4JUV )FMQ NFOV
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5*1 :PV DBO BMTP DSFBUF B 4JUF (SPVQ UP PSHBOJ[F NVMUJQMF TJUFT XJUIJO B 4JUF (SPVQ GPMEFS
 *O UIF 4JUF *OGPSNBUJPO TDSFFO FOUFS B OBNF GPS UIF TJUF " TIPSU EFTDSJQUJWF OBNF JT CFTUGPS FYBNQMF B QSPKFDU XFMM XBUFS
CPEZ HBVHJOH TUBUJPO UPXO OFBSCZ MBOENBSL FUD -FOHUI JT MJNJUFE UP  DIBSBDUFST
" TJUF OBNF JT UIF POMZ SFRVJSFE GJFME CVU UIFSF BSF NBOZ BEEJUJPOBM PQUJPOT GPS JEFOUJGZJOH B TJUF 5P JODMVEF TJUF $PPSEJOBUFT
DIFDL
$PPSEJOBUFT UIFO FOUFS -BUJUVEF  UP  TFMFDU /PSUI PS 4PVUI GSPN MJTUCPY -POHJUVEF  UP  TFMFDU
&BTU PS 8FTU BOE &MFWBUJPO TFMFDU 'FFU PS .FUFST  :PV DBO BEE B TIPSU EFTDSJQUJWF /PUF JNQPSU B TJUF 1IPUP CJUNBQ BOEPS
TQFDJGZ B DVTUPN $POOFDUJPO *G BOZ DPOOFDUJPOT IBWF CFFO EFGJOFE UIFZ XJMM CF EJTQMBZFE
 8IFO GJOJTIFE DMJDL 4BWF UP TBWF UIF TJUF

5IF OFX TJUF XJMM
BQQFBS JO UIF 4JUF
%BUB GPMEFS BOE 8JO
4JUV XJMM BEE JU UP UIF
TJUF EBUBCBTF JO UIF
XPSLJOH EJSFDUPSZ PO
ZPVS DPNQVUFS *U JT
OPX BWBJMBCMF UP
TFMFDU GPS BOZ EFWJDF
BOZ MPH
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 5P TFU UIJT OFX TJUF JO UIF DPOOFDUFE "RVB 530-- *OTUSVNFOU 3FUVSO UP UIF )PNF UBC DMJDL UIF EPXO BSSPX CFTJEF UIF TJUF
CPY BOE TFMFDU ZPVS OFX TJUF 5IJT TJUF OPX CFDPNFT UIF iDVSSFOUw TJUF GPS UIF DPOOFDUFE "RVB 530-- *OTUSVNFOU BOE JT BWBJMBCMF
UP VTF JO EBUB MPHT
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$IFDL UIF $POEVDUJWJUZ $BMJCSBUJPO
5IF DPOEVDUJWJUZ TFOTPS JO UIF "RVB 530-- IBT CFFO DBMJCSBUFE EVSJOH NBOVGBDUVSJOH UP QSPEVDF B
MJOFBS SFTQPOTF BDSPTT UIF PQFSBUJOH SBOHF
8F SFDPNNFOE ZPV DIFDL UIF TQFDJGJD DPOEVDUJWJUZ SFBEJOH JO UIF TPMVUJPO TIJQQFE XJUI ZPVS
JOTUSVNFOU *G UIF EFWJDF JT SFBEJOH BDDVSBUFMZ UIFSF JT OP OFFE UP GJFMEDBMJCSBUF UIF JOTUSVNFOU VOMFTT
401T SFRVJSF JU
5P QFSGPSN B GJFME DBMJCSBUJPO ZPV XJMM OFFE
z

z

5IF *O4JUV $BM $VQ PS PUIFS TVJUBCMF DPOUBJOFS UIBU BMMPXT GPS DPNQMFUF JNNFSTJPO PG UIF
DPOEVDUJWJUZ TFOTPS JODMVEJOH UIF UFNQFSBUVSF iCVUUPO w XIJDI DBO CF TFFO PO POF TJEF PG UIF
QSPCF 5IF $BM $VQ JT SFDPNNFOEFE GPS UIF GJSTU DBMJCSBUJPO
5IF DBMJCSBUJPO TUBOEBSE TPMVUJPO TVQQMJFE PS PUIFS TPMVUJPO PG LOPXO TQFDJGJD DPOEVDUJWJUZ JO UIF
SBOHF  UP   Ʌ4DN

5IF DPNQMFUF DBMJCSBUJPO QSPDFEVSF UBLFT POMZ B GFX NJOVUFT BOE NBZ CF EPOF JO B GJFME PS PGGJDFMBC
TFUUJOH XJUI B TPGUXBSF DPOOFDUJPO JO 8JO4JUV  PS 8JO4JUV .PCJMF 4PGUXBSF 4FF $BMJCSBUJPO PO
QBHF  GPS DBMJCSBUJPO JOTUSVDUJPOT JODMVEJOH
z

1SFQBSBUJPO PG UIF "RVB 530--

z

4PGUXBSF JOQVU

z

$BMDVMBUFE PVUQVU

1SFQBSF UP -PH %BUB
 5P QSPHSBN UIF EFWJDF UP MPH EBUB HP UP UIF -PHHJOH UBC
 $MJDL UIF i/FXw CVUUPO
5*1 4UPQ iQPMMJOHw JO UIF )PNF TDSFFO CFGPSF TFUUJOH VQ B EBUB MPH

5*1 'PS NPSF DPNQMFUF JOGPSNBUJPO PO TFUUJOH VQ EBUB MPHT TFF UIF 8JO4JUV )FMQ NFOV
5IF -PHHJOH 4FUVQ 8J[BSE XJMM HVJEF ZPV UISPVHI UIF DPOGJHVSBUJPO PG B EBUB MPHJODMVEJOH UIF TJUF MPH OBNF QBSBNFUFST UP
NFBTVSF TBNQMF TDIFEVMF TUBSU UJNF TUPQ UJNF MFWFM PVUQVU BOE PUIFS PQUJPOT
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5JQT GPS "RVB 530-- %BUB -PHT
z

z

z

z

z

z

/JOF QBSBNFUFST BSF BWBJMBCMF GPS UIF "RVB 530--  *OTUSVNFOU 4FWFO QBSBNFUFST BSF BWBJMBCMF GPS UIF "RVB 530- *OTUSVNFOU "MM TFMFDUFE QBSBNFUFST BSF MPHHFE XJUI JNQMJDBUJPOT GPS CBUUFSZ BOE NFNPSZ VTBHF
0OMZ POF BDUJWF MPH DBO SFTJEF JO UIF EFWJDF BU B UJNF "O BDUJWF MPH JT B MPH UIBU JT 3FBEZ 1FOEJOH 3VOOJOH PS
4VTQFOEFE BT TIPXO JO UIF 4UBUVT DPMVNO PG UIF -PHHJOH 5BC
5P BWPJE ESBJOJOH UIF "RVB 530-- CBUUFSZ QSFNBUVSFMZ FYUFSOBM QPXFS JT SFRVJSFE GPS &WFOU MPHHJOH BOE
SFDPNNFOEFE GPS -JOFBS "WFSBHF MPHHJOH
'PS JOGPSNBUJPO PO TFMFDUJOH B -FWFM PVUQVU SFGFS UP UIF 8JO 4JUV )FMQ NFOV PS TFF 1SFTTVSF BOE -FWFM PO QBHF  JO
UIJT NBOVBM
'PS B OPOWFOUFE "RVB 530-- UIBU XJMM CF EFQMPZFE PO XJSF CF TVSF UP TFMFDU B 4DIFEVMFE 4UBSU TP UIF MPH XJMM TUBSU CZ
JUTFMG XJUIPVU B DPNNVOJDBUJPO DPOOFDUJPO
'PS NPSF DPNQMFUF JOGPSNBUJPO PO TFUUJOH VQ EBUB MPHT TFF UIF 8JO4JUV )FMQ NFOV 

5P 4UBSU MPHHJOH
z

" i1FOEJOHw TDIFEVMFE MPH XJMM TUBSU BU JUT QSPHSBNNFE UJNF

z

:PV DBO TUBSU B i3FBEZw NBOVBM MPH BU BOZ UJNF XIJMF DPOOFDUFE CZ TFMFDUJOH UIF MPH BOE QSFTTJOH i4UBSUw



5P 4UPQ MPHHJOH
z

4FMFDU UIF MPH BOE QSFTT UIF i4UPQw CVUUPO



z

0S TVTQFOE UFNQPSBSJMZ TUPQ JU XJUI UIF i1BVTFw CVUUPO



5P %PXOMPBE UIF MPH UP UIF DPOOFDUFE 1$
z

4FMFDU UIF MPH BOE QSFTT UIF i%PXOMPBEw CVUUPO



5P 7JFX UIF MPH BGUFS EPXOMPBEJOH
z

(P UP UIF %BUB UBC BOE TFMFDU UIF MPH GPS B HSBQI QSFTT



%JTDPOOFDU
"GUFS UIF "RVB 530-- JT QSPHSBNNFE UP MPH EBUB ZPV BSF SFBEZ UP
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z
z

z

z

z

&YJU UIF TPGUXBSF 'JMF NFOV  &YJU 
%JTDPOOFDU UIF 530-- $PN GSPN UIF DBCMF DPOOFDUPS CZ HSBTQJOH UIF UFYUVSFE TFDUJPO PG UIF DBCMF DPOOFDUPS JO POF
IBOE BOE UIF 530-- $PN JO UIF PUIFS 5XJTU JO PQQPTJUF EJSFDUJPOT UP VOMPDL UIF 530-- $PN GSPN UIF DBCMF
7FOUFE DBCMF "UUBDI EFTJDDBOU UP UIF DBCMF DPOOFDUPSMJOF VQ UIF GMBU TJEFT PG UIF DPOOFDUPST QVTI UXJTU BOE DMJDL UP
MPDL UIF EFTJDDBOU UP UIF DBCMF 3FNPWF SFE EVTU DBQ GSPN UIF EFTJDDBOUT WFOU
/POWFOUFE "RVB 530-- PS JOTUBMMBUJPOT XIFSF WFOUFE QSFTTVSF PS DPNNVOJDBUJPO BSF OPU SFRVJSFE  "UUBDI B
OPOWFOUFE DBCMF PS UXJTUMPDL IBOHFS BOE TVTQFOTJPO XJSF
*OTUBMM UIF JOTUSVNFOU JO JUT GJFME MPDBUJPO 4FF 'JFME *OTUBMMBUJPO PO QBHF  GPS HVJEFMJOFT
5JQT͇3FNPWF UIF EVTU DBQ GSPN UIF EFTJDDBOU CFGPSF EFQMPZNFOU UP BMMPX BJS UP SFBDI UIF DBCMF WFOU UVCF

$POEVDUJWJUZ
"CPVU $POEVDUJWJUZ
$POEVDUJWJUZ NFBTVSFT UIF BCJMJUZ PG B NBUFSJBM UP DBSSZ BO FMFDUSJD DVSSFOU (FOFSBMMZ UIF IJHIFS UIF DPODFOUSBUJPO PG EJTTPMWFE TBMUT
BOE NJOFSBMT JO XBUFS UIF CFUUFS UIF XBUFS JT BT B DPOEVDUPS UIFSFGPSF UIF FMFDUSJDBM DPOEVDUJWJUZ JT IJHIFS %FJPOJ[FEEJTUJMMFE
XBUFS JT B QPPS DPOEVDUPS CFDBVTF BMNPTU BMM BOJPOT BOE DBUJPOT BSF SFNPWFE EVSJOH UIF EFJPOJ[BUJPO EJTUJMMBUJPO QSPDFTT *G
DPOEVDUJWJUZ DIBOHFT JO B CPEZ PG XBUFS JU PGUFO JOEJDBUFT BO FOWJSPONFOUBM FWFOU 'PS FYBNQMF B ESBNBUJD JODSFBTF JO UIF
FMFDUSJDBM DPOEVDUJWJUZ PG BO VOEFSHSPVOE GSFTI XBUFS BRVJGFS MPDBUFE OFBS UIF PDFBO DPVME JOEJDBUF UIF CFHJOOJOH PG TBMUXBUFS
JOUSVTJPO 0O UIF PUIFS IBOE BO JODSFBTF JO UIF FMFDUSJDBM DPOEVDUJWJUZ PG B TNBMM MBLF UIBU JT DPNQMFUFMZ TVSSPVOEFE CZ GBSNMBOE
NBZ TJNQMZ CF UIF SFTVMU PG SVOPGG GSPN SFDFOU QSFDJQJUBUJPO
)PX JT $POEVDUJWJUZ .FBTVSFE
$POEVDUBODF JT UIF SFDJQSPDBM PG UIF SFTJTUBODF JO PINT NFBTVSFE CFUXFFO UXP PQQPTJOH FMFDUSPEFT PG B  DN DVCF BU B TQFDJGJD
UFNQFSBUVSF 5IF VOJU PIN PS NIP XBT HJWFO UIF OBNF PG 4JFNFOT 4 GPS DPOEVDUBODF *U JT OPU QSBDUJDBM UP SFRVJSF BMM
DPOEVDUBODF DFMMT UP IBWF UIF EJNFOTJPOT PG BO FYBDU DVCF 5P FOBCMF UIF DPNQBSJTPO PG EBUB GSPN FYQFSJNFOUT XJUI EJGGFSFOU
DPOEVDUBODF DFMMT UIF DPOEVDUBODF JT NVMUJQMJFE CZ UIF DFMM DPOTUBOU UP TIPX DPOEVDUJWJUZ JO 4JFNFOT QFS DFOUJNFUFS 4DN  $FMM
DPOTUBOUT BSF EFUFSNJOFE GPS FBDI TFOTPS VTJOH B TUBOEBSE TPMVUJPO PG LOPXO DPOEVDUJWJUZ 5IF DFMM DPOTUBOU EFQFOET PO UIF
FMFDUSPEF BSFB BOE UIF BNPVOU PG TFQBSBUJPO PS EJTUBODF CFUXFFO UIF FMFDUSPEFT
5IF GPVSFMFDUSPEF DPOEVDUJWJUZ DFMM DPOUBJOT UXP ESJWF FMFDUSPEFT BOE UXP TFOTJOH FMFDUSPEFT *O UIF "RVB 530-- JOTUSVNFOU
FBDI ESJWF FMFDUSPEF JT DPNQPTFE PG UXP JOUFSDPOOFDUFE QJOT GPS B UPUBM PG TJY QJOT 5IF TFOTJOH FMFDUSPEFT BSF QPTJUJPOFE JO B MPX
DVSSFOU BSFB UP NJOJNJ[F FMFDUSPEF GPVMJOH "O BMUFSOBUJOH DVSSFOU JT VTFE UP ESJWF UIF DFMM 5IJT SFEVDFT FSSPST DBVTFE CZ
QPMBSJ[BUJPO SFTVMUJOH GSPN UIF BQQMJDBUJPO PG B EJSFDU DVSSFOU

$BMJCSBUJPO
5IF DPOEVDUJWJUZ TFOTPS JO UIF "RVB 530-- JOTUSVNFOU IBT CFFO DBMJCSBUFE EVSJOH NBOVGBDUVSJOH UP QSPEVDF B MJOFBS SFTQPOTF
BDSPTT UIF PQFSBUJOH SBOHF 4UBOEBSE 0QFSBUJOH 1SPDFEVSFT GPS NFBTVSJOH DPOEVDUJWJUZ JO UIF GJFME UZQJDBMMZ TQFDJGZ UIBU UIF TFOTPS
TIBMM CF DBMJCSBUFE CFGPSF VTF DMPTF UP UIF FYQFDUFE UFNQFSBUVSF BOE DPOEVDUJWJUZ DPOEJUJPOT 5IF BDDVSBDZ PG UIF TFOTPS
EFQFOET PO UIF DBMJCSBUJPO TPMVUJPO VTFE BOE UIF PQFSBUPST UFDIOJRVF
8F SFDPNNFOE UIBU ZPV DIFDL UIF TQFDJGJD DPOEVDUJWJUZ SFBEJOH JO UIF TPMVUJPO TIJQQFE XJUI ZPVS JOTUSVNFOU *G UIF EFWJDF JT
SFBEJOH BDDVSBUFMZ UIFSF JT OP OFFE UP GJFMEDBMJCSBUF UIF JOTUSVNFOU VOMFTT 401T SFRVJSF JU
5IF "RVB 530-- JOTUSVNFOU DBO CF DBMJCSBUFE BU BOZ QPJOU JO UIF PQFSBUJOH SBOHF )PXFWFS CFTU SFTVMUT XJMM CF PCUBJOFE JO UIF
SBOHF PG BQQSPYJNBUFMZ  UP   NJDSP4JFNFOTDN Ʌ4 DN 
8IFO DBSCPO EJPYJEF GSPN UIF BJS EJTTPMWFT JOUP XBUFS JU JODSFBTFT UIF DPOEVDUJWJUZ TPNFUJNFT CZ BT NVDI BT POF PS UXP Ʌ4DN
5IJT DPVME TIJGU B  TUBOEBSE CZ BT NVDI BT  5IF BNPVOU PG TIJGU JT OPU QSFEJDUBCMF TP JU TIPVME CF NJOJNJ[FE CZ MJNJUJOH
FYQPTVSF UP BJS 'JMM UIF DBMJCSBUJPO DVQ UP UIF NBSLFE GJMM MJOF BOE DMPTF JU BT TPPO BT QPTTJCMF " TNBMM BJS CVCCMF JO UIF DVQ JT
BDDFQUBCMF BOE JO GBDU JU BTTJTUT NJYJOH EVSJOH UIF JOWFSTJPOT %JTDBSE SFNBJOJOH QPSUJPOT PG MPX SBOHF DBMJCSBUJPO TUBOEBSET XJUIJO
B GFX EBZT BGUFS PQFOJOH UIF CPUUMF
5P QFSGPSN B DPOEVDUJWJUZ DBMJCSBUJPO PG UIF "RVB 530-- *OTUSVNFOU ZPV XJMM OFFE
z
z

5IF *O4JUV $BM $VQ TVQQMJFE XJUI ZPVS JOTUSVNFOU
5IF DBMJCSBUJPO TUBOEBSE TPMVUJPO TVQQMJFE PS PUIFS TPMVUJPO PG LOPXO TQFDJGJD DPOEVDUJWJUZ JO UIF SBOHF  UP  
Ʌ4DN

1SFQBSJOH UP $BMJCSBUF
5ISFF GBDUPST BSF FTTFOUJBM UP B TVDDFTTGVM DPOEVDUJWJUZ DBMJCSBUJPO
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z

" 5IF DBMJCSBUJPO TPMVUJPO JT OPU EJMVUFE PS DPOUBNJOBUFE

z

# 5IF QSPCF BOE UIF TPMVUJPO BSF BU UIF TBNF UFNQFSBUVSF

z

$ 5IF TFOTJOH DFMM JT DPNQMFUFMZ GJMMFE XJUI TPMVUJPOOP BJS CVCCMFT PO UIF TFOTPS

5IF GPMMPXJOH QSFQBSBUJPO TUFQT DBO IFMQ UP FOTVSF B TVDDFTTGVM DBMJCSBUJPO BOE BWPJE FSSPOFPVT GJFME EBUB
" &MJNJOBUF XBUFS BOE SJOTF
 3FNPWF UIF OPTF DPOF "RVB 530--  POMZ  8BUFS USBQQFE IFSF DBO EJMVUF UIF DBMJCSBUJPO TPMVUJPO "JS CVCCMFT NBZ BMTP
DPNF GSPN UIJT BSFB
 *G UIF EFWJDF JT XFU GSPN QSFWJPVT VTF ESZ UIF CPEZ BOE TIBLF UP DMFBS BOZ MJRVJE JOTJEF UIF DPOEVDUJWJUZ TFOTPS
 #FGPSF PQFOJOH UIF TPMVUJPO CPUUMF JOWFSU JU B GFX UJNFT UP SFEJTUSJCVUF BOZ XBUFS DPOEFOTBUJPO
 3FNPWF UIF $BM $VQ DBQ BOE GJMM UIF DVQ UP UIF i3JOTFw MJOF XJUI DBMJCSBUJPO TPMVUJPO
 *OTFSU UIF "RVB 530-- UISPVHI UIF HSPNNFU JO UIF DBQ
 "UUBDI UIF DBQ UP UIF $BM $VQ 5IF "RVB 530-- TIPVME SFTU PO PS OFBS UIF CPUUPN
 4IBLF WJHPSPVTMZ UP SJOTF UIF TFOTJOH DFMM
 -PPTFO UIF DBQ SFNPWF UIF "RVB 530-- 5IFSF JT OP OFFE UP QVMM JU PVU PG UIF DBQ %JTDBSE UIF TPMVUJPO
 'PS CFTU SFTVMUT SJOTF BHBJO VTJOH UIF TBNF QSPDFEVSF
# &RVBMJ[F UFNQFSBUVSF
 'JMM UIF $BM $VQ UP UIF i'JMMw MJOF XJUI DBMJCSBUJPO TPMVUJPO
 *OTUBMM UIF "RVB 530-- BOE UJHIUFO UIF DBQ
 *OWFSU NVMUJQMF UJNFT GPS BU MFBTU  TFDPOET MPOHFS JG UIF QSPCF BOE TPMVUJPO BSF BU EJGGFSFOU UFNQFSBUVSFT
$ 3FNPWF BJS CVCCMFT GSPN UIF TFOTPS
 )PME UIF "RVB 530-- BOE UIF $BM $VQ BU B  EFHSFF BOHMF
 (FOUMZ UBQ UIF "RVB 530-- BHBJOTU UIF JOTJEF PG UIF $BM $VQ UP SFNPWF CVCCMFT GSPN UIF DPOEVDUJWJUZ DFMM
 3FQFBU VOUJM BMM CVCCMFT BSF SFNPWFE

5*1 8JUI UIF DPSSFDU GJMM MFWFM BOE UIF JOTUSVNFOU IFME BU B ¡ BOHMF UIF BJS CVCCMF JO UIF $BM $VQ XJMM OPU JOUSVEF JOUP UIF
DPOEVDUJWJUZ TFOTPS
/PUF 4PNFUJNFT EJTTPMWFE HBTFT JO UIF TPMVUJPO XJMM DBVTF CVCCMFT UP GPSN PO UIF TFOTPS FTQFDJBMMZ JG UIF TPMVUJPO JT DPME
5IFSNBM FRVJMJCSJVN NBZ SFRVJSF FYUSB UJNF BOE BJS CVCCMFT NBZ OFFE UP CF SFNPWFE CFGPSF TUBSUJOH UIF DBMJCSBUJPO *G ZPV DBO
TFF CVCCMFT PO UIF JOTJEF PG UIF $BM $VQ CVCCMFT BSF QSPCBCMZ PO UIF TFOTPS
$BMJCSBUJPO 1SPDFEVSF
5*1 'PS CFTU SFTVMUT XIFO DBMJCSBUJOH B DPNQMFUFMZ ESZ TFOTPS BMMPX JU UP TPBL GPS  NJOVUFT JO UIF DBMJCSBUJPO TPMVUJPO CFGPSF
QSPDFFEJOH
 *G ZPV IBWF OPU BMSFBEZ EPOF TP BUUBDI UIF DBCMF UP UIF "RVB 530-- *OTUSVNFOU BOE UP UIF DPNQVUFS PQFO 8JO4JUV 4PGUXBSF
BOE DPOOFDU UP UIF EFWJDF
 (P UP UIF 4FOTPST UBC BOE TFMFDU UIF TFOTPS
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 $MJDL UIF i$BMJCSBUFw CVUUPO



 *O UIF OFYU TDSFFO TFMFDU UIF $POEVDUJWJUZ QBSBNFUFS BOE DMJDL $BMJCSBUF

"GUFS B SFWJFX PG UIF QSFQBSBUJPO TUFQT UIF $POEVDUJWJUZ $BMJCSBUJPO TDSFFO BQQFBST

 &OUFS UIF 4QFDJGJD $POEVDUJWJUZ PG UIF DBMJCSBUJPO TPMVUJPO JOUP UIF CPY OFYU UP Ʌ4DN !¡ $
 $MJDL 4UBSU $BMJCSBUJPO 4PGUXBSF XJMM NPOJUPS UIF DPOEVDUJWJUZ BOE UFNQFSBUVSF SFBEJOHT DBMDVMBUF UIF DFMM DPOTUBOU TPNFUJNFT
DBMMFE UIF i,DFMMw BOE JOGPSN ZPV XIFO UIF SFTQPOTF NFFUT UIF DSJUFSJB GPS /PNJOBM 4UBCJMJUZ
 :PV DBO DMJDL "DDFQU BU BOZ UJNF UP DPOUJOVF 'PS CFTU SFTVMUT XBJU VOUJM 'VMM 4UBCJMJUZ JT SFBDIFE "U UIBU UJNF UIF OFYU TDSFFO JT
EJTQMBZFE BVUPNBUJDBMMZ
 -PPL BU UIF 1SPQPTFE $FMM $POTUBOU CFGPSF ZPV $PNNJU UIF WBMVF UP UIF TFOTPS *U TIPVME CF JO UIF SBOHF PG  UP 
/PUF̓"HJOH TFOTPST NBZ EJTQMBZ WBMVFT CFUXFFO  BOE  *G PVUTJEF UIJT SBOHF XF SFDPNNFOE SFUVSOJOH UP UIF GBDUPSZ GPS
DBMJCSBUJPO
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*G UIF DFMM DPOTUBOU JT PVU PG SBOHF UIF DBVTF DPVME CF BO BJS CVCCMF JODPNQMFUF SJOTJOH
TFOTPS GPVMJOH PS PUIFS GBDUPST 3FQFBU UIF QSFQBSBUJPO BOE DBMJCSBUJPO XJUI GSFTI DBM
TPMVUJPO
 8IFO ZPV BSF TBUJTGJFE XJUI UIF QSPQPTFE DFMM DPOTUBOU DMJDL $PNNJU UP XSJUF UIF
DBMDVMBUFE DFMM DPOTUBOU UP UIF TFOTPS
 *G UIF "RVB 530-- XJMM CF EFQMPZFE JNNFEJBUFMZ SFNPWF JU GSPN UIF $BM $VQ SJOTF JU
EJTDBSE UIF DBMJCSBUJPO TPMVUJPO BOE SFJOTUBMM UIF CMBDL OPTF DPOF 0UIFSXJTF TUPSF JU XFU JO
UIF $BM $VQ JO DBM TPMVUJPO PS XBUFS GPS MBUFS EFQMPZNFOU
5*1 *G UIF QSPQPTFE DFMM DPOTUBOU JT PVUTJEF UIF SBOHF  o  DIFDL DPOEJUJPOT BOE
SFQFBU UIF DBMJCSBUJPO
/PNJOBM 4UBCJMJUZ WT 'VMM 4UBCJMJUZ
5P NFFU UIF DSJUFSJB GPS B WBMJE DBMJCSBUJPO QPJOU UIF DIBOHF JO TFOTPS SFTQPOTF JT
NPOJUPSFE PWFS UJNF 5IF TPGUXBSF JT MPPLJOH GPS UIF DBMJCSBUJPO TPMVUJPO UFNQFSBUVSF BOE
UIF TFOTPS SFBEJOHT UP TFUUMF PWFS B TQFDJGJD UJNF QFSJPE 5IF DSJUFSJB GPS 'VMM 4UBCJMJUZ BSF
EFTJHOFE UP NFFU UIF QVCMJTIFE TQFDJGJDBUJPOT 5IF DSJUFSJB GPS /PNJOBM 4UBCJMJUZ BSF
EFTJHOFE UP TIPSUFO UIF DBMJCSBUJPO UJNF XIFO BO BQQSPYJNBUF DBMJCSBUJPO JT BDDFQUBCMF

"WBJMBCMF 1BSBNFUFST
5IF "RVB 530-- *OTUSVNFOU DBO BMTP DBMDVMBUF BOE SFDPSE EFSJWFE QBSBNFUFST BT MJTUFE CFMPX 'PS NPSF JOGPSNBUJPO PO
NFBTVSFNFOU NFUIPEPMPHZ JODMVEJOH UIF FRVBUJPOT VTFE UP EFSJWF UIF DBMDVMBUFE QBSBNFUFST TFF UIF UFDIOJDBM OPUF i"RVB
530--  .FBTVSFNFOU .FUIPEPMPHZw PO UIF *O4JUV TPGUXBSFSFTPVSDF $% PS PO UIF *O4JUV XFC TJUF BU XXX*O4JUVDPN
"DUVBM $POEVDUJWJUZ
6OJUT NJDSP TJFNFOT QFS DFOUJNFUFS Ʌ4DN EFGBVMU NJMMJ TJFNFOT QFS DFOUJNFUFS N4DN
4QFDJGJD $POEVDUJWJUZ
" NFBOT PG FYQSFTTJOH XIBU UIF BDUVBM DPOEVDUJWJUZ PG B TPMVUJPO XPVME CF BU B TUBOEBSE SFGFSFODF UFNQFSBUVSF ¡ $  $BMDVMBUFE
GSPN BDUVBM DPOEVDUJWJUZ BOE UFNQFSBUVSF 5IF GBDUPSZ EFGBVMU DPFGGJDJFOUT DBMDVMBUF TQFDJGJD DPOEVDUJWJUZ QFS 4UBOEBSE .FUIPET
#
6OJUT NJDSP TJFNFOT QFS DFOUJNFUFS Ʌ4DN EFGBVMU NJMMJ TJFNFOT QFS DFOUJNFUFS N4DN
4BMJOJUZ
$BMDVMBUFE GSPN BDUVBM DPOEVDUJWJUZ BOE UFNQFSBUVSF
6OJUT 1SBDUJDBM 4BMJOJUZ 6OJUT 146
5PUBM %JTTPMWFE 4PMJET 5%4
$BMDVMBUFE GSPN TQFDJGJD DPOEVDUJWJUZ VTJOH B DPOWFSTJPO GBDUPS %FGBVMU  
5IF 5%4 DPOWFSTJPO GBDUPS NBZ CF FEJUFE JO 8JO4JUV BT GPMMPXT 4FMFDU UIF TFOTPS PO UIF 4FOTPST UBC BOE DMJDL $POGJHVSF

*O UIF OFYU TDSFFO TFMFDU UIF 5PUBM %JTTPMWFE 4PMJET QBSBNFUFS BOE DMJDL $POGJHVSF &OUFS B WBMVF CFUXFFO  BOE  6OJUT
QBSUT QFS UIPVTBOE QQU EFGBVMU QBSUT QFS NJMMJPO QQN
3FTJTUJWJUZ
3FTJTUJWJUZ JT UIF SFDJQSPDBM JOWFSTF PG UIF BDUVBM DPOEVDUJWJUZ XIJDI JT VTFGVM XIFO NPOJUPSJOH QVSF XBUFS 6OJUT PINTDN
%FOTJUZ PG 8BUFS
$BMDVMBUFE GSPN TBMJOJUZ BOE UFNQFSBUVSF 6OJUT HDN
5*1 1BSBNFUFS DPOGJHVSBUJPO JT OPU BWBJMBCMF JG UIF EFWJDF JT QPMMJOH PS IBT BO BDUJWF MPH
5*1 .FBTVSFE EFOTJUZ WBMVFT NBZ CF VTFE UP EZOBNJDBMMZ DPNQVUF TQFDJGJD HSBWJUZ XIFO NFBTVSJOH -FWFM 7JFX 8JO4JUV )FMQ PS
TFF 1SFTTVSF BOE -FWFM PO QBHF  PG UIJT NBOVBM GPS NPSF JOGPSNBUJPO

4IBMMPX %FQMPZNFOU
8IFO EFQMPZJOH UIF "RVB 530-- *OTUSVNFOU JO TIBMMPX XBUFS CVCCMF GPSNBUJPO PO UIF DPOEVDUJWJUZ TFOTPS DBO DSFBUF GBMTF
SFBEJOHT 8F SFDPNNFOE UIF GPMMPXJOH UP NJOJNJ[F UIF GPSNBUJPO PG CVCCMFT
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4VSGBDF XBUFS (FOUMZ BHJUBUF UIF JOTUSVNFOU /BUVSBM XBUFS GMPX XJMM IFMQ UP QSFWFOU CVCCMFT
(SPVOEXBUFS XFMM PS BOZ MPDBUJPO XJUIPVU GMPXJOH XBUFS PS XIFSF UIF JOTUSVNFOU DBOOPU CF TFFO
 -PXFS UIF "RVB 530-- VOUJM JU JT CFMPX UIF TVSGBDF PG UIF XBUFS 5JQ 5IJT DBO CF EFUFSNJOFE JG OPU WJTJCMF CZ NPOJUPSJOH UIF
QSFTTVSFEFQUI SFBEJOHT
 "MMPX UIF DPOEVDUJWJUZ TFOTPS UP CF UIPSPVHIMZ XFUUFE BU MFBTU  TFDPOET 
 #SJTLMZ BHJUBUF VQ BOE EPXO TFWFSBM UJNFT XIJMF OPU UBLJOH UIF EFWJDF BCPWF UIF XBUFS TVSGBDF
 8IFO UIF DPOEVDUJWJUZ SFBEJOHT TUBCJMJ[F UIF "RVB 530-- JT SFBEZ GPS EFQMPZNFOU

.BJOUFOBODF BOE 3FDBMJCSBUJPO
5IF OFFE UP DMFBO UIF TFOTPS JT EFUFSNJOFE CZ UIF TJUF DPOEJUJPOT BOE UIF BDDVSBDZ ZPV XBOU UP PCUBJO GSPN UIF JOTUSVNFOU 'PS
FYBNQMF XIFO VTFE JO SFMBUJWFMZ DMFBO XBUFS PG MPX CJPMPHJDBM QSPEVDUJWJUZ B DPOEVDUJWJUZ TFOTPS DPVME NBJOUBJO JUT BDDVSBDZ
TQFDJGJDBUJPOT GPS TFWFSBM NPOUIT 0O UIF PUIFS IBOE JO XBUFS XJUI B IJHI QPUFOUJBM GPS CJPMPHJDBM PS NJOFSBM GPVMJOH UIF TFOTPS NBZ
OFFE UP CF DMFBOFE BOE SFDBMJCSBUFE NPSF PGUFO 7JTVBM JOTQFDUJPO BOE NFBTVSFNFOU SFTVMUT BSF UIF CFTU JOEJDBUPST UIBU B EFWJDF
OFFET TFSWJDF SFDBMJCSBUJPO
*U JT UIF VTFST SFTQPOTJCJMJUZ UP EFWFMPQ BOE GPMMPX B NBJOUFOBODF QSPHSBN BQQSPQSJBUF UP UIF TJUF .PTU TUBOEBSE PQFSBUJOH
QSPDFEVSFT 401T JOTUSVDU UIBU UIF JOTUSVNFOU CF DIFDLFE JO B LOPXO TUBOEBSE BU UIF FOE PG B EFQMPZNFOU $BMJCSBUJPO TIPVME
BMXBZT CF DIFDLFE BGUFS DMFBOJOH BOE TIPVME CF SFDBMJCSBUFE XIFO OFDFTTBSZ
'PS TQFDJGJD DMFBOJOH QSPDFEVSFT TFF $BSF BOE .BJOUFOBODF PO QBHF 
'BDUPSZ SFDBMJCSBUJPO PG UIF "RVB 530--  *OTUSVNFOU TIPVME CF QFSGPSNFE FWFSZ  NPOUIT 4FF )PX UP $POUBDU 6T PO
QBHF  GPS *O4JUVhT DPOUBDU JOGPSNBUJPO

1SFTTVSF BOE -FWFM
5IF "RVB 530--  *OTUSVNFOU DPOUBJOT B QSFTTVSF TFOTPS " QSFTTVSF USBOTEVDFS TFOTFT DIBOHFT JO QSFTTVSF NFBTVSFE JO GPSDF
QFS TRVBSF VOJU PG TVSGBDF BSFB FYFSUFE CZ XBUFS PS PUIFS GMVJE PO BO JOUFSOBM NFEJBJTPMBUFE TUSBJO HBVHF $PNNPO NFBTVSFNFOU
VOJUT BSF QPVOET QFS TRVBSF JODI QTJ PS OFXUPOT QFS TRVBSF NFUFS QBTDBMT 

/PO7FOUFE "CTPMVUF WT 7FOUFE (BVHFE 4FOTPST
" OPOWFOUFE PS iBCTPMVUFw QSFTTVSF TFOTPS NFBTVSFT BMM QSFTTVSF GPSDFT FYFSUFE PO UIF TUSBJO HBVHF JODMVEJOH BUNPTQIFSJD
QSFTTVSF *UT VOJUT BSF QTJB QPVOET QFS TRVBSF JODI iBCTPMVUFw NFBTVSFE XJUI SFTQFDU UP [FSP QSFTTVSF
/POWFOUFE QSFTTVSF NFBTVSFNFOUT BSF VTFGVM JO WBDVVN UFTUJOH JO TIPSUUFSN UFTUJOH XIFO BUNPTQIFSJD QSFTTVSF XPVME OPU CF
FYQFDUFE UP DIBOHF JO WFSZ EFFQ BRVJGFST XIFSF UIF FGGFDUT PG BUNPTQIFSJD QSFTTVSF BSF OFHMJHJCMF BOE JO VODPOGJOFE BRVJGFST
UIBU BSF PQFO UP UIF BUNPTQIFSF
8JUI WFOUFE PS iHBVHFEw QSFTTVSF TFOTPST B WFOU UVCF JO UIF DBCMF BQQMJFT BUNPTQIFSJD QSFTTVSF UP UIF CBDL PG UIF TUSBJO HBVHF
5IF CBTJD VOJU GPS WFOUFE NFBTVSFNFOUT JT QTJH QPVOET QFS TRVBSF JODI iHBVHFw NFBTVSFE XJUI SFTQFDU UP BUNPTQIFSJD
QSFTTVSF 7FOUFE TFOTPST UIVT FYDMVEF UIF BUNPTQIFSJD PS CBSPNFUSJD QSFTTVSF DPNQPOFOU
5IJT EJGGFSFODF CFUXFFO BCTPMVUF BOE HBVHFE NFBTVSFNFOUT NBZ CF SFQSFTFOUFE CZ B TJNQMF FRVBUJPO
1HBVHF  1BCTPMVUF o 1BUNPTQIFSF

1SFTTVSF %FQUI BOE -FWFM
0VUQVU PQUJPOT GPS QSFTTVSF NFBTVSFNFOU BSF DPNQMFUFMZ TPGUXBSFTFMFDUBCMF &BDI MPH DPOGJHVSBUJPO QSFTFOUT UIF GPMMPXJOH
DIPJDFT
z

1SFTTVSF JO QTJ PS L1B

z

%FQUI JO GFFU PS NFUFST

z

8BUFS -FWFM XJUI B SFGFSFODF BO iPGGTFUw
z

4VSGBDF &MFWBUJPO QPTJUJWF VQ

z

%FQUI UP 8BUFS ESBXEPXO  QPTJUJWF EPXO

'PS %FQUI BOE -FWFM UIF TPGUXBSF QSFTFOUT BEEJUJPOBM PQUJPOT
z

5IF UZQF PG NFBTVSFNFOU ZPV JOUFOE UP MPH UIF iPVUQVUw

z

5IF -FWFM 3FGFSFODF ZPV JOUFOE UP VTF
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z

5IF TQFDJGJD HSBWJUZ PG UIF XBUFS JO XIJDI UIF EFWJDF XJMM CF EFQMPZFE
z

$IPPTF B GJYFE WBMVF GPS GSFTI CSBDLJTI PS TBMJOF XBUFS PS

z

&OUFS B DVTUPN TQFDJGJD HSBWJUZ WBMVF PS

z

z

$IPPTF 'JYFE EFOTJUZ XJUI HSBWJUBUJPOBM DPNQFOTBUJPO GPS B QSFTTVSFUPMFWFM DPOWFSTJPO UIBU DPNQFOTBUFT
QSFTTVSF SFBEJOHT GPS GMVJE EFOTJUZ BOE MPDBM HSBWJUBUJPOBM GBDUPS CBTFE PO ZPVS MBUJUVEF BOE FMFWBUJPO PS
$IPPTF %ZOBNJD EFOTJUZ XJUI HSBWJUBUJPOBM DPNQFOTBUJPO XIJDI XJMM BMMPX UIF TPGUXBSF UP EZOBNJDBMMZ
DPNQVUF TQFDJGJD HSBWJUZ VTJOH EFOTJUZ NFBTVSFE CZ UIF DPOEVDUJWJUZ TFOTPS BOE MPDBM HSBWJUBUJPOBM GBDUPS

$POGJHVSJOH %FQUI BOE -FWFM
5IJT QSPDFEVSF TUPSFT UIF DPOGJHVSBUJPO TFUUJOHT JO UIF "RVB 530-- *OTUSVNFOU 8IFO TFUUJOH VQ B MPH UIF TBNF PQUJPOT BSF
QSFTFOUFE
 8IJMF DPOOFDUFE UP UIF JOTUSVNFOU JO TPGUXBSF DMJDL UIF 4FOTPST UBC
 4FMFDU UIF TFOTPS BOE DMJDL UIF $POGJHVSF CVUUPO



5*1 8IFO ZPV DPOGJHVSF MFWFM VTJOH UIF 4FOTPST UBC UIF TFUUJOHT BSF TUPSFE JO UIF "RVB 530-- *OTUSVNFOU BOE BSF BWBJMBCMF GPS
VTF JO .PECVT 4%* BOE BOBMPH DPNNVOJDBUJPOT BT XFMM BT JO 8JO4JUV %JGGFSFOU DPOGJHVSBUJPOT NBZ CF TFMFDUFE XIFO TFUUJOH VQ
B MPH

5*1 (P UP UIF )PNF UBC BOE TUPQ QPMMJOH CFGPSF DPOGJHVSJOH BOZ TFOTPS QBSBNFUFS
 *O UIF 4FOTPS 4FUVQ XJOEPX TFMFDU UIF -FWFM QBSBNFUFS UIFO DMJDL $POGJHVSF
5IF -FWFM QBSBNFUFS TIPXO JT UIF POF DVSSFOUMZ TUPSFE JO UIF EFWJDF 5IJT JT UIF EFGBVMU PS UIF NPTU SFDFOU DIPJDF :PV XJMM IBWF B
DIBODF UP DIBOHF UIF QBSBNFUFS MBUFS
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5*1 1BSBNFUFS DPOGJHVSBUJPO JT OPU BWBJMBCMF JG UIF EFWJDF JT QPMMJOH PS IBT BO BDUJWF MPH
 *O UIF -FWFM 4FUVQ 8J[BSE TFMFDU UIF PQUJPOT ZPV XBOU &BDI DIPJDF JODMVEFT BO JMMVTUSBUJPO UP BTTJTU ZPV JO TFMFDUJOH UIF PVUQVU
'PS NPSF JOGPSNBUJPO TFF )FMQ JO 8JO4JUV  4PGUXBSF
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1SFTTVSF 4FOTPS $BMJCSBUJPO
'BDUPSZ 3FDBMJCSBUJPO
1SFTTVSF TFOTPS BDDVSBDZ DBO CF BEWFSTFMZ BGGFDUFE CZ JNQSPQFS DBSF BOE IBOEMJOH MJHIUOJOH TUSJLFT BOE TJNJMBS TVSHFT FYDFFEJOH
PQFSBUJOH UFNQFSBUVSF BOE QSFTTVSF MJNJUT QIZTJDBM EBNBHF PS BCVTF BT XFMM BT OPSNBM ESJGU JO UIF EFWJDFT FMFDUSPOJD
DPNQPOFOUT "TJEF GSPN EBNBHF UP UIF TFOTPS UIF OFFE GPS GBDUPSZ SFDBMJCSBUJPO JT EFQFOEFOU VQPO UIF BNPVOU PG ESJGU B
DVTUPNFS JT XJMMJOH UP UPMFSBUF 'BDUPSZ DBMJCSBUJPO FWFSZ  NPOUIT JT SFDPNNFOEFE $POUBDU *O4JUV $VTUPNFS 4FSWJDF GPS
JOGPSNBUJPO PO UIF GBDUPSZ NBJOUFOBODF BOE DBMJCSBUJPO QMBO
'JFME 3FDBMJCSBUJPO
5IF GPMMPXJOH QSPDFEVSF NBZ CF VTFE XJUI DBVUJPO UP TFU UP [FSP UIF PGGTFU PG B WFOUFE QSFTTVSF TFOTPS UP DPSSFDU GPS FMFDUSPOJD
ESJGU 5IF ESJGUFE PGGTFU JT WJTJCMF XIFO UIF TFOTPS JT JO BJS BOE SFBEJOH PUIFS UIBO [FSP *U JT SFDPNNFOEFE ZPV EP OPU TFU UP [FSP
UIF PGGTFU JG JU JT PVUTJEF UIF TQFDJGJFE BDDVSBDZ PG ZPVS QSFTTVSF TFOTPS BT TIPXO JO UIF UBCMF CFMPX *G UIF SFBEJOH JO BJS EFWJBUFT
GSPN [FSP CZ NPSF UIBO UIF BNPVOUT TIPXO ZPV NBZ XBOU UP DPOTJEFS B GBDUPSZ SFDBMJCSBUJPO



4FOTPS 3BOHF

"DDVSBDZ
¡$ UP ¡$

"DDFQUBCMF 0GGTFU GSPN
;FSP

 QTJ

  '4

  QTJ

 QTJ

  '4

  QTJ
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 QTJ

  '4

  QTJ

 QTJ

  '4

  QTJ

 QTJ

  '4

  QTJ

 QTJ

  '4

  QTJ

'JFME 3FDBMJCSBUJPO 1SPDFEVSF GPS B 7FOUFE 4FOTPS
 8JUI UIF "RVB 530-- DPOOFDUFE JO TPGUXBSF HP UP UIF 4FOTPST UBC


 4FMFDU UIF QSFTTVSF TFOTPS BOE DMJDL UIF $BMJCSBUF CVUUPO
 4FMFDU UIF 1SFTTVSF QBSBNFUFS BOE DMJDL $BMJCSBUF

 4FMFDU ;FSP UIF -FWFM1SFTTVSF TFOTPS .BLF TVSF UIF EFWJDF JT ESZ BOE FYQPTFE UP BJS
 $MJDL 0,

 5IF TPGUXBSF XJMM JOGPSN ZPV XIFO UIF QSFTTVSF SFBEJOH JT TFU UP [FSP

#BSPNFUSJD $PNQFOTBUJPO PG /PO7FOUFE 1SFTTVSF  -FWFM %BUB
8JO4JUV¥ #BSP .FSHF TPGUXBSF DBO QPTUDPSSFDU BCTPMVUF OPOWFOUFE MFWFM TFOTPS EBUB UP FMJNJOBUF CBSPNFUSJD QSFTTVSF GSPN
UIF NFBTVSFNFOUT #BSP .FSHF QSPWJEFT UISFF PQUJPOT
'JYFE $PSSFDUJPO o " TJOHMF PGGTFU WBMVF JT BQQMJFE UP BMM TFMFDUFE MPH EBUB 6TF UIJT PQUJPO JG ZPV LOPX XIBU UIF CBSPNFUSJD
QSFTTVSF XBT EVSJOH UIF MPH BOE LOPX UIBU JU EJE OPU DIBOHF
.BOVBM &OUSZ o 4QFDJGZ UXP PS NPSF DPSSFDUJPO WBMVFT UP BQQMZ UP UIF MPH EBUB 6TF UIJT PQUJPO JG ZPV LOPX UIBU CBSPNFUSJD
QSFTTVSF DIBOHFE EVSJOH UIF MPH
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#BSP530--¥ *OTUSVNFOU MPH GJMF o "CTPMVUF MFWFM TFOTPS EBUB BSF DPSSFDUFE CZ CBSPNFUSJD QSFTTVSF WBMVFT MPHHFE CZ BO *O4JUV
#BSP530-- *OTUSVNFOU EVSJOH UIF BQQSPYJNBUF UJNF QFSJPE
-BVODIJOH #BSP .FSHF 4PGUXBSF
#BSP .FSHF NBZ CF PQFOFE BT B TUBOEBMPOF BQQMJDBUJPO GSPN UIF QSPHSBN HSPVQ *O4JUV *OD PS BDDFTTFE GSPN 8JO4JUVT 5PPMT
NFOV XIFO CPUI BSF JOTUBMMFE PO UIF TBNF TZTUFN
*OQVU
*O UIF 'JYFE $PSSFDUJPO BOE .BOVBM &OUSZ PQUJPOT JU JT JNQPSUBOU UP LOPX UIF CBSPNFUSJD QSFTTVSF GPS UIF HFOFSBM UJNF QFSJPE
DPWFSFE CZ UIF MPH PS MPHT ZPV XBOU UP DPSSFDU
#BSP .FSHF VTFT B 8J[BSEMJLF JOUFSGBDF DPOTJTUJOH PG UISFF NBJO TUFQT
 4FMFDU UIF UZQF PG DPNQFOTBUJPODPSSFDUJPO ZPV JOUFOE UP VTF
 4FMFDU UIF BCTPMVUF OPOWFOUFE MPH GJMF PS GJMFT ZPV JOUFOE UP DPSSFDU #BSP .FSHF EJTQMBZT UIFTF BVUPNBUJDBMMZ
 $MJDL 0, BOE UIF CBSPNFUSJD DPNQFOTBUJPO JT BQQMJFE
0VUQVU
5IF PSJHJOBM MPH GJMF JT OPU DIBOHFE " OFX DPSSFDUFE MPH GJMF XJUI UIF TBNF OBNF BOE QBUI JT DSFBUFE 5IF PSJHJOBM iXTMw FYUFOTJPO
JT SFQMBDFE CZ i#BSP.FSHFXTMw
'PS IFMQ PO VTJOH 8JO4JUV #BSP .FSHF QSFTT ' BU BOZ #BSP .FSHF TDSFFO
'PS NPSF EFUBJMFE JOGPSNBUJPO PO CBSPNFUSJD DPNQFOTBUJPO TFF UIF UFDIOJDBM OPUFT PO UIF *O4JUV TPGUXBSFSFTPVSDF $% PS XXX
JOTJUVDPN

'JFME *OTUBMMBUJPO
1PTJUJPOJOH UIF 7FOUFE "RVB 530--  *OTUSVNFOU
1PTJUJPOJOH UIF 7FOUFE "RVB 530--  *OTUSVNFOU 'PS VOBUUFOEFE EFQMPZNFOU MPXFS UIF "RVB 530--  *OTUSVNFOU HFOUMZ UP
BQQSPYJNBUFMZ UIF EFTJSFE EFQUI 1PTJUJPO UIF JOTUSVNFOU CFMPX UIF MPXFTU BOUJDJQBUFE XBUFS MFWFM CVU OPU TP MPX UIBU JUT SBOHF
NJHIU CF FYDFFEFE BU UIF IJHIFTU BOUJDJQBUFE MFWFM 3FGFS UP UIF UBCMFT CFMPX GPS VTBCMF EFQUI
%P OPU MFU UIF JOTUSVNFOU GBMM GSFFMZ JOUP UIF XBUFS CFDBVTF JU DBO EBNBHF UIF QSFTTVSF TFOTPS

7FOUFE "RVB 530-- *OTUSVNFOU
3BOHF

6TBCMF %FQUI

QTJH

L1B

.FUFST

'FFU

















































/PO7FOUFE "RVB 530-- *OTUSVNFOU
3BOHF

&GGFDUJWF 3BOHF

6TBCMF %FQUI

QTJB

QTJB

L1B

.FUFST

'FFU
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"U TFB MFWFM  QTJ BUNPTQIFSJD QSFTTVSF 
$IFDL *OTUSVNFOU %FQUI
"U UIJT QPJOU JG DPOWFOJFOU ZPV DBO DPOOFDU UIF "RVB 530--  UP B 1$ MBVODI UIF TPGUXBSF BOE UBLF B SFBEJOH *G UIF JOTUSVNFOU
JT BU UIF EFTJSFE EFQUI TFDVSF JU JO QPTJUJPO BT TVHHFTUFE CFMPX PS SFQPTJUJPO BT OFDFTTBSZ
*G ZPV TFU UIF TPGUXBSF UP i3FNJOE NF MBUFSw UP TFU B -FWFM 3FGFSFODF FOUFS UIF MFWFM SFGFSFODF BGUFS JOTUBMMBUJPO XIFO QSPNQUFE

4FDVSF UIF $BCMF
5IF 3VHHFE$BCMF JODMVEFT B ,FMMFNT¥ HSJQ OFBS UIF TVSGBDF FOE :PV DBO TMJEF JU BMPOH UIF DBCMF UP
UIF EFTJSFE QPTJUJPO CZ DPNQSFTTJOH JU 8IFO ZPV QVMM PO JU UIF HSJQ UJHIUFOT BOE TUPQT TMJEJOH :PV
NBZ OFFE UP QVMM PO CPUI FOET PG UIF ,FMMFNT HSJQ UP QSPQFSMZ UJHIUFO JU BOE LFFQ JU GSPN TMJQQJOH
6TF UIF MPPQ PG UIF ,FMMFNT HSJQ UP BODIPS UIF DBCMF UP B DPOWFOJFOU TUBUJPOBSZ PCKFDU *U XPSLT XFMM
XJUI *O4JUVT XFMM EPDL JOTUBMMBUJPO SJOH 4JNQMZ JOTFSU UIF MPPQ JOUP UIF MPDLJOH DMJQ PO UIF XFMM EPDL
BOE QPTJUJPO UIF BTTFNCMZ PO UIF UPQ PG B XFMM

*OTUBMMBUJPO 5JQT
z

z

z

z
z

/FWFS MFU B QSPCF GBMM GSFFMZ EPXO B XFMM 5IF SFTVMUJOH TIPDL XBWF XIFO JU IJUT UIF XBUFS TVSGBDF DBO
EBNBHF UIF TUSBJO HBVHF
$IFDL UIF MFWFM PG XBUFS BCPWF UIF QSPCF UIFO NPWF JU BOE SFBE BHBJO UP CF TVSF UIBU UIF QSPCF
QSFTFOUT B SFBTPOBCMF SFBEJOH BOE TIPXT DIBOHF *U NJHIU OPU CF MPDBUFE XIFSF ZPV UIJOL JU JT 'PS
FYBNQMF JU DPVME CF XFEHFE BHBJOTU UIF DBTJOH XJUI B MPPQ PG DBCMF IBOHJOH CFMPX JU " QSPCF JO
TVDI B QPTJUJPO NJHIU CFDPNF EJTMPEHFE BOE NPWF XIJMF MPHHJOH HJWJOH B GBMTF DIBOHF JO MFWFM "
TFDVSF QMBDFNFOU JT DSJUJDBM UP BDDVSBUF NFBTVSFNFOUT
%P OPU BMMPX UIF WFOUFE DBCMF UP LJOL PS CFOE *G UIF JOUFSOBM WFOU UVCF JT PCTUSVDUFE XBUFS MFWFM
NFBTVSFNFOUT DBO CF BEWFSTFMZ BGGFDUFE 5IF SFDPNNFOEFE NJOJNVN CFOE SBEJVT JT  NN
 JO XIJDI JT UXJDF UIF DBCMF EJBNFUFS 5IF NJOJNVN CFOE SBEJVT GPS WFOUFE DBCMF JT  NN
 JO 
'PS BDDVSBUF NFBTVSFNFOUT UIF JOTUSVNFOU TIPVME SFNBJO JNNPCJMF XIJMF MPHHJOH EBUB
#F TVSF UIF VQIPMF DBCMF FOE JT DBQQFEEFTJDDBOU PO UIF WFOUFE DBCMF DPOOFDUPS TPGU EVTU DBQ PO
OPOWFOUFE DBCMF BOE QPTJUJPOFE BCPWF UIF IJHIFTU BOUJDJQBUFE XBUFS MFWFM "WPJE BSFBT UIBU NBZ
GMPPE XIFO VTJOH WFOUFE DBCMF
5*1͇5IF NJOJNVN CFOE SBEJVT GPS WFOUFE DBCMF JT  NN  JO 
5*1͇%P OPU TVCNFSHF UIF DBCMF DPOOFDUPS EP OPU JNNFSTF JO BOZ GMVJE

5*1 #F TVSF UP SFQMBDF UIF EFTJDDBOU CFGPSF JU BQQFBST QJOL &YQJSFE EFTJDDBOU DBO BMMPX NPJTUVSF CVJME VQ JO UIF WFOU
UVCF DBVTJOH B CMPDLBHF SFTVMUJOH JO JOBDDVSBUF EBUB
5*1͇%P OPU EFQMPZ QSFTTVSF USBOTEVDFST TVDI UIBU JDF NBZ GPSN PO PS OFBS UIF TFOTPS PS DBCMF DPOOFDUJPOT *DF
GPSNBUJPO JT B QPXFSGVM FYQBOTJWF GPSDF BOE NBZ PWFSQSFTTVSJ[F UIF TFOTPS PS PUIFSXJTF DBVTF EBNBHF "OZ EBNBHF
BTTPDJBUFE XJUI JDF GPSNBUJPO JT OPU DPWFSFE CZ UIF XBSSBOUZ

4UBCJMJ[BUJPO 5JNF
"MMPX UIF "RVB 530-- *OTUSVNFOU UP TUBCJMJ[F UP UIF XBUFS DPOEJUJPOT GPS BCPVU BO IPVS CFGPSF MPHHJOH EBUB " HFOFSPVT
TUBCJMJ[BUJPO UJNF JT BMXBZT EFTJSBCMF FTQFDJBMMZ JO MPOHUFSN EFQMPZNFOUT &WFO UIPVHI UIF DBCMF JT TIJFMEFE
UFNQFSBUVSF TUBCJMJ[BUJPO BOE TUSFUDIJOH DBO DBVTF BQQBSFOU DIBOHFT JO UIF MFWFM SFBEJOH " DPNQMFUFMZ ESZ DPOEVDUJWJUZ
TFOTPS NBZ OFFE B GFX NJOVUFT TFUUMJOH UJNF BGUFS JOJUJBM JNNFSTJPO *G ZPV FYQFDU UP NPOJUPS DPOEVDUJWJUZ BOE XBUFS
MFWFMT BU UIF IJHIFTU BDDVSBDZ QPTTJCMF GPS UIF JOTUSVNFOU BMMPX TUBCJMJ[BUJPO UJNF

4IBMMPX %FQMPZNFOU
8IFO EFQMPZJOH UIF "RVB 530-- *OTUSVNFOU JO TIBMMPX XBUFS CVCCMF GPSNBUJPO PO UIF DPOEVDUJWJUZ TFOTPS DBO DSFBUF GBMTF
SFBEJOHT 8F SFDPNNFOE UIF GPMMPXJOH UP NJOJNJ[F UIF GPSNBUJPO PG CVCCMFT
4VSGBDF XBUFS (FOUMZ BHJUBUF UIF JOTUSVNFOU /BUVSBM XBUFS GMPX XJMM IFMQ UP QSFWFOU CVCCMFT
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(SPVOEXBUFS XFMM PS BOZ MPDBUJPO XJUIPVU GMPXJOH XBUFS PS XIFSF UIF JOTUSVNFOU DBOOPU CF TFFO
 -PXFS UIF "RVB 530-- VOUJM JU JT CFMPX UIF TVSGBDF PG UIF XBUFS 5JQ 5IJT DBO CF EFUFSNJOFE JG OPU WJTJCMF CZ NPOJUPSJOH UIF
QSFTTVSFEFQUI SFBEJOHT
 "MMPX UIF DPOEVDUJWJUZ TFOTPS UP CF UIPSPVHIMZ XFUUFE BU MFBTU  TFDPOET 
 #SJTLMZ BHJUBUF VQ BOE EPXO TFWFSBM UJNFT XIJMF OPU UBLJOH UIF EFWJDF BCPWF UIF XBUFS TVSGBDF
 8IFO UIF DPOEVDUJWJUZ SFBEJOHT TUBCJMJ[F UIF "RVB 530-- JT SFBEZ GPS EFQMPZNFOU

*OTUBMMBUJPO PG B /PO7FOUFE "RVB 530-"RVB 530--  BOE OPOWFOUFE "RVB 530--  JOTUSVNFOUT EP OPU SFRVJSF WFOUFE DBCMF GPS QSPQFS PQFSBUJPO 5IFZ
NBZ CF EFQMPZFE PO OPOWFOUFE 3VHHFE$BCMF PS XJUI B UXJTUMPDL IBOHFS BOE TUBJOMFTT TUFFM TVTQFOTJPO XJSF
z

z

#FDBVTF UIF UXJTUMPDL IBOHFS IBT OP DPNNVOJDBUJPO DBQBCJMJUJFT QSPHSBN UIF "RVB 530-- JO BEWBODF BOE
EPXOMPBE UIF EBUB UIF TBNF XBZ
-PHHFE QSFTTVSF EBUB XJMM TIPX UIF FGGFDUT PG DIBOHFT JO CBSPNFUSJD QSFTTVSF VOMJLF WFOUFE "RVB 530-- 
TFOTPST  )PXFWFS QPTUQSPDFTTJOH UPPMT TVDI BT 8JO 4JUV #BSP .FSHF NBZ CF VTFE UP FMJNJOBUF UIF FGGFDUT PG
CBSPNFUSJD QSFTTVSF DIBOHFT GSPN UIF EBUB JG SFRVJSFE

5*1 #F TVSF UP QSPHSBN B OPOWFOUFE "RVB 530-- CFGPSF BUUBDIJOH UIF UXJTUMPDL IBOHFS BT UIJT BDDFTTPSZ IBT OP
DPNNVOJDBUJPO DBQBCJMJUZ
5*1͇%0 /05 TVCNFSHF B OPOWFOUFE "RVB 530-- XJUIPVU GJSTU BUUBDIJOH B UXJTUMPDL IBOHFS PS B DBCMF CFDBVTF UIF
VOJU DPVME CF EBNBHFE CZ GMPPEJOH

"OBMPH 4%* BOE .PECVT $POOFDUJPOT
5IF "RVB 530-- JOTUSVNFOU NBZ CF DPOOFDUFE UP B DPOUSPMMFS PS MPHHFS GPS DPNNVOJDBUJPO WJB
z

"OBMPH  N" QSPWJEFT B DPOGJHVSBCMF  N" DVSSFOU MPPQ PVUQVU

z

4%*

z

34 .PECVT

z

34 UP .PECVT XJUI B DVTUPNFSTVQQMJFE DPOWFSUFS

4USJQQFEBOEUJOOFE DBCMF IBT B GFNBMF UXJTUMPDL DPOOFDUPS PO POF FOE UP DPOOFDU XJUI UIF "RVB 530-- *OTUSVNFOU
5IF VQIPMF FOE UFSNJOBUFT JO CBSF XJSFT GPS DPOOFDUJPO UP B 1-$ PS EBUB MPHHFS
" TIPSUFS DBCMF FOEJOH JO B NBMF UXJTUMPDL DPOOFDUPS UP DPOOFDU XJUI 3VHHFE$BCMF JT BMTP BWBJMBCMF
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%FTJDDBOU
7FOUFE DBCMF NVTU CF JOTUBMMFE XJUI PVUCPBSE EFTJDDBOU UP QSPUFDU UIF DBCMF
WFOU UVCF BOE "RVB 530-- FMFDUSPOJDT GSPN DPOEFOTBUJPO JO IJHIIVNJEJUZ
FOWJSPONFOUT
5IF EFTJDDBOU NBZ CF SFNPWFE GSPN UIF WFOU UVCF JG OFFEFE UP USJN UIF
DPOEVDUPS XJSFT 1VMM UIF WFOU UVCF FYUFOEFS PGG UIF DBCMF WFOU UVCF UP
SFNPWF SFQMBDF EFTJDDBOU BGUFS USJNNJOH BOE DPOOFDUJOH UIF XJSFT

8JSJOH
3FGFS UP EJBHSBNT PO UIF GPMMPXJOH QBHFT 5SJN CBDL BOE JOTVMBUF VOVTFE
XJSFT 5IF TIJFME TIPVME CF XJSFE UP B DIBTTJT HSPVOE PS FBSUI HSPVOE

4JHOBM

$PMPS

1JO

(OE3FUVSO

#-"$,



&YU 1PXFS

3&%



 N"

#308/
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1PXFS $POOFDUJPOT
5IF SFE XJSF QSPWJEFT QPXFS GPS BMM "RVB 530-- DPNNVOJDBUJPO NPEFT "OBMPH PVUQVU JT EJTBCMFE CZ EFGBVMU )PXFWFS UIF 
N" DVSSFOU MPPQ PVUQVU DBO CF DPOUJOVPVT JO .PECVT PS 4%* NPEF BT MPOH BT .PECVT EFWJDF SFHJTUFS  JT TFU UP  5IJT
DBO CF EPOF XJUI B DPOOFDUJPO JO 8JO4JUV CZ TFMFDUJOH UIF %FWJDF 4FUVQ UBC "OBMPH 4FUVQ CVUUPO BOE FOBCMJOH BOBMPH PVUQVU

$PNNVOJDBUJPOT
5IF EFWJDF BVUPNBUJDBMMZ TXJUDIFT CFUXFFO .PECVT BOE 4%* NPEFT EFQFOEJOH PO XIJDI PG UIF UXP JOUFSGBDFT IBT BDUJWJUZ
.PECVT BOE 4%* DBOOPU CF VTFE BU UIF TBNF UJNF  XIJDIFWFS POF JT DVSSFOUMZ JO VTF XJMM CMPDL DPNNVOJDBUJPO PO UIF PUIFS
6TJOH 8JO4JUV 4PGUXBSF
8JO4JUV QSPWJEFT PQUJPOT GPS DPOGJHVSJOH BOBMPH4%* DPNNVOJDBUJPOT 4FUVQ UBC BOE .PECVT DPNNVOJDBUJPOT 'JMF NFOV 
4FUUJOHT  *O BEEJUJPO UIF "RVB 530-- *OTUSVNFOU JT DBQBCMF PG JOUFSOBM MPHHJOH QSPHSBNNFE JO 8JO4JUV XIJMF QBSUJDJQBUJOH JO B
.PECVT 4%* PS BOBMPH OFUXPSL )PXFWFS 8JO4JUV DBOOPU DPNNVOJDBUF XJUI UIF "RVB 530-- *OTUSVNFOU XIJMF JU JT
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USBOTNJUUJOH .PECVT 4%* PS BOBMPH EBUB BOE DPOWFSTFMZ UIF JOTUSVNFOU DBOOPU SFDFJWF PS SFTQPOE UP .PECVT 4%* PS
BOBMPH DPNNBOET XIJMF DPOOFDUFE UP B 1$ TFSJBM QPSU
3FEVOEBOU -PHHJOH 'FBUVSF
z
z

*G UIF 1-$ PS SFDPSEFS TPNFIPX MPTFT EBUB UIF "RVB 530-- EBUB DBO CF SFUSJFWFE VTJOH 8JO4JUV
*G UIF 1-$ PS SFDPSEFS DFBTFT UP GVODUJPO EVF UP QPXFS MPTT UIF "RVB 530-- XJMM DPOUJOVF UP DPMMFDU EBUB VTJOH JUT PXO
JOUFSOBM CBUUFSJFT BOE DMPDL

" QPSUQPXFSFE 34 DPOWFSUFS MJLF UIBU TIPXO GPS .PECVT DPOOFDUJPOT NBZ CF VTFE GPS UFNQPSBSZ DPOOFDUJPO PG UIF "RVB
530-- UP B TFSJBM QPSU PO B 1$

'PS .PSF *OGPSNBUJPO
'PS BEEJUJPOBM JOGPSNBUJPO PO .PECVT BOE 4%* DPNNVOJDBUJPOT JODMVEJOH UIF 4%* DPNNBOET BOE .PECVT SFHJTUFST TFF
UIFTF *O4JUV UFDIOJDBM OPUFT
z

4%* $PNNBOET BOE "RVB 530-- 3FTQPOTFT

z

*O4JUV .PECVT $PNNVOJDBUJPO 1SPUPDPM

5IFZ BSF BWBJMBCMF PO UIF *O4JUV TPGUXBSFSFTPVSDF $% BOE BU XXXJOTJUVDPN

$BSF BOE .BJOUFOBODF
0QFSBUJOH $POTJEFSBUJPOT
5IF "RVB 530-- *OTUSVNFOU IBT CFFO EFTJHOFE UP XJUITUBOE IBSTI GJFME DPOEJUJPOT )PXFWFS BT XJUI BOZ FMFDUSPOJD JOTUSVNFOU JU
DBO CF QFSNBOFOUMZ EBNBHFE JG VTFE PVUTJEF JUT PQFSBUJOH TQFDJGJDBUJPOT
5FNQFSBUVSF
5IF "RVB 530-- UFNQFSBUVSF TFOTPS PQFSBUFT XJUIJO B UFNQFSBUVSF SBOHF PG ¡ UP ¡ $ ¡ UP ¡ ' JO OPOGSFF[JOH GMVJE
1SFTTVSF 3BOHF
5IF "RVB 530--  *OTUSVNFOU DBO XJUITUBOE QSFTTVSFT PG VQ UP UXP UJNFT 9 UIF SBUFE SBOHF PG UIF QSFTTVSF TFOTPS XJUIPVU
EBNBHF BMUIPVHI JU NBZ OPU SFBE DPSSFDUMZ BU TVDI QSFTTVSF *G UIF QSFTTVSF SBOHF JT FYDFFEFE CZ 9 UIF QSFTTVSF TFOTPS XJMM CF
EFTUSPZFE
'BDUPSZ $BMJCSBUJPO
"DDVSBDZ DBO CF BEWFSTFMZ BGGFDUFE CZ JNQSPQFS DBSF BOE IBOEMJOH MJHIUOJOH TUSJLFT BOE TJNJMBS TVSHFT FYDFFEJOH PQFSBUJOH
UFNQFSBUVSF BOE QSFTTVSF MJNJUT QIZTJDBM EBNBHF PS BCVTF 'BDUPSZ DBMJCSBUJPO FWFSZ  NPOUIT JT SFDPNNFOEFE $POUBDU *O
4JUV $VTUPNFS 4FSWJDF GPS JOGPSNBUJPO PO UIF GBDUPSZ NBJOUFOBODF BOE DBMJCSBUJPO QMBO

4UPSBHF
4UPSF UIF "RVB 530-- *OTUSVNFOU DMFBO BOE ESZ 1MBDF UIF QSPUFDUJWF SFE EVTU DBQ PO UIF DBCMF FOE PS TUPSF XJUI DBCMF BUUBDIFE
UP QSPUFDU UIF DPOOFDUPS QJOT BOE 0SJOH 4UPSF UIF JOTUSVNFOU XIFSF JU XJMM OPU GBMM POUP B IBSE TVSGBDF 1SPUFDU UIF JOTUSVNFOU
GSPN UFNQFSBUVSF FYUSFNFT 4UPSF XJUIJO B UFNQFSBUVSF SBOHF PG ¡ $ UP ¡ $ ¡ ' UP ¡ ' 

(FOFSBM .BJOUFOBODF
5XJTU-PDL $POOFDUPST
,FFQ UIF QJOT PO BMM DPOOFDUPST GSFF PG EJSU BOE NPJTUVSF CZ VTJOH UIF TPGU QSPUFDUJWF EVTU DBQ XIFO DBCMF JT OPU BUUBDIFE UP BO
JOTUSVNFOU
%P OPU TVCNFSHF UIF DBCMF DPOOFDUPS EP OPU JNNFSTF JO BOZ GMVJE
$BCMF 7FOU 5VCF 7FOUFE $BCMF
7FOUFE DBCMF FOTVSFT UIBU BUNPTQIFSJD QSFTTVSF JT UIF SFGFSFODF QSFTTVSF UP UIF WFOUFE QSFTTVSF TFOTPS EJBQISBHN 5IF WFOU
UVCF TIPVME OPU CF CMPDLFE LJOLFE PS PUIFSXJTF PCTUSVDUFE 4VDI PCTUSVDUJPOT XJMM DBVTF CBSPNFUSJD QSFTTVSF UP BQQFBS JO
NFBTVSFNFOUT BOE FSSPST XJMM CF JOUSPEVDFE EVF UP UIFSNBM FYQBOTJPO BOE DPOUSBDUJPO PG BJS XJUIJO UIF WFOU UVCF BOE QSPCF
5*1͇5IF SFDPNNFOEFE NJOJNVN CFOE SBEJVT JT  NN  JO XIJDI JT UXJDF UIF DBCMF EJBNFUFS
5*1 #F TVSF UP SFQMBDF UIF EFTJDDBOU CFGPSF JU BQQFBST QJOL &YQJSFE EFTJDDBOU DBO BMMPX NPJTUVSF CVJME VQ JO UIF WFOU UVCF
DBVTJOH B CMPDLBHF SFTVMUJOH JO JOBDDVSBUF EBUB
#BUUFSJFT
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*OUFSOBM CBUUFSJFT JO UIF "RVB 530-- *OTUSVNFOU BSF OPU VTFS SFQMBDFBCMF 5IF BQQSPYJNBUF QFSDFOUBHF SFNBJOJOH JT EJTQMBZFE PO
UIF 8JO4JUV  %BTICPBSE XIFO UIF JOTUSVNFOU JT DPOOFDUFE

$MFBOJOH
1SPCF BOE 'SPOU &OE
$MFBO UIF "RVB 530-- XJUI XBUFS BOE B TPGU CSVTI PS QMBTUJD TDPVSJOH QBE PS TPBL PWFSOJHIU JO B NJME BDJEJD TPMVUJPO TVDI BT
IPVTFIPME WJOFHBS
*G UIF QSFTTVSF QPSUT PG UIF "RVB 530--  JO UIF GSPOU FOE BSF DMPHHFE XJUI TJMU PS NVE USZ UIF GPMMPXJOH
z

"HJUBUF UIF JOTUSVNFOU WJHPSPVTMZ JO B CVDLFU PG DMFBO XBUFS

z

"QQMZ B HFOUMF TUSFBN PG XBUFS GSPN B XBTI CPUUMF

z

*O TFWFSF DBTFT SFNPWF UIF OPTF DPOF BOE DMFBO PVU UIF IPMFT XJUI B TPGU CSVTI PS QJQF DMFBOFS
%BNBHF DBVTFE CZ EJHHJOH PS TDSBQJOH JO UIF QSFTTVSF TFOTPS PQFOJOH UP SFNPWF TJMU NVE FUD JT OPU DPWFSFE CZ UIF XBSSBOUZ

5P BWPJE EBNBHF UP UIF QSFTTVSF TFOTPS EJBQISBHN EP OPU JOTFSU BOZ PCKFDU JOUP UIF TFOTPS PQFOJOH PS BUUFNQU UP EJH PVU EJSU PS
PUIFS NBUFSJBMT *G DPOUBNJOBUJPO DBOOPU CF SFNPWFE VTJOH UIF SFDPNNFOEBUJPOT BCPWF QMFBTF DPOUBDU *O4JUV *OD GPS DMFBOJOH
8IFO UIF OPTF DPOF JT SFNPWFE GSPN UIF "RVB 530--  UIF TFOTJUJWF QSFTTVSF TFOTPS EJBQISBHN JT DPNQMFUFMZ FYQPTFE %P
OPU UPVDI UIJT BSFB XJUI BOZ PCKFDU 3FQMBDF UIF OPTF DPOF BT TPPO BT QPTTJCMF

*G DPOUBNJOBUJPO DBOOPU CF SFNPWFE VTJOH UIF SFDPNNFOEBUJPOT BCPWF QMFBTF DPOUBDU *O4JUV *OD GPS DMFBOJOH
$POEVDUJWJUZ 4FOTPS
'PVMJOH GSPN NJOFSBM BOE CJPMPHJDBM TPVSDFT DBO BMUFS UIF TFOTPST SFTQPOTF
z

3JOTF VOEFS SVOOJOH XBUFS UP SFNPWF MPPTF NBUFSJBM

z

"MXBZT GJOJTI XJUI B SJOTF JO DMFBO XBUFS

z

"GUFS DMFBOJOH BMXBZT DIFDL UIF DBMJCSBUJPO CFGPSF SFEFQMPZNFOU BOE SFDBMJCSBUF UIF TFOTPS XIFO OFDFTTBSZ

"DDFQUBCMF DMFBOJOH QSPDFTTFT GBMM JOUP UIF GPMMPXJOH DBUFHPSJFT
1SPDFTT  -JHIU TDSVCCJOH XJUI B TPGU TXBC BOE NJME TPBQ TVDI BT B EJMVUF TPMVUJPO PG EJTI EFUFSHFOU #F DBSFGVM OPU UP EBNBHF
UIF QMBTUJD NBUFSJBM PG UIF DPOEVDUJWJUZ DFMM "RVB 530-- *OTUSVNFOUT BSF TIJQQFE XJUI QPMZVSFUIBOF GPBN TXBCT GPS UIJT QVSQPTF
:PV DBO BMTP DMFBO UIF DPOEVDUJWJUZ DFMM VTJOH B UIJO DPUUPO QJQF DMFBOFS BOE B B HFOUMF CBDLBOEGPSUI NPUJPO
1SPDFTT  -JHIU TDSVCCJOH XJUI B GPBN TXBC BOE BO BHHSFTTJWF TPBQ TVDI BT "MDPOPY EFUFSHFOU DBO CF VTFE GPS NPSF TUVCCPSO
EFQPTJUT
1SPDFTT  %JMVUF  BDFUJD BDJE PS DPOTVNFSQBDLBHFE XIJUF WJOFHBS DBO CF VTFE UP QSFTPGUFO DBMDJVN EFQPTJUT 'PMMPX UIJT
XJUI 1SPDFTT  PS 1SPDFTT  EFQFOEJOH PO UIF EFHSFF PG SFTJEVBM DPOUBNJOBUJPO 5IF "RVB 530-- DBO TPBL GPS BOZ MFOHUI PG UJNF
JO EJMVUF BDFUJD BDJE *G UIJT EPFT OPU DPNQMFUFMZ SFNPWF UIF NBUFSJBM USZ 1SPDFTT 
1SPDFTT  %JMVUF QIPTQIPSJD BDJE   PS UIF DPOTVNFS QSPEVDU -JNF"8BZ¥ DBO CF UPQJDBMMZ BQQMJFE XJUI B TPGU TXBC UP
SFNPWF JSPO PS DBMDJVN EFQPTJUT UIBU SFNBJO BGUFS VTJOH 1SPDFTT  %P OPU TPBL GPS NPSF UIBO  NJOVUFT 3JOTF XFMM XJUI XBUFS
*G DPOUBNJOBUJPO DBOOPU CF SFNPWFE VTJOH UIF SFDPNNFOEBUJPOT BCPWF QMFBTF DPOUBDU *O4JUV *OD 4FF QBHF 
5*1 'PBN TXBCT BSF TIJQQFE XJUI UIF "RVB 530-- *OTUSVNFOU SFQMBDFNFOUT BSF BWBJMBCMF GSPN *O4JUV *OD $BUBMPH /P
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5*1 "MDPOPY JT BWBJMBCMF GSPN *O4JUV *OD $BUBMPH /P  
%0 /05 40", JO QIPTQIPSJD BDJE PS -JNF"8BZ¥ GPS NPSF UIBO  NJOVUFT

5SPVCMFTIPPUJOH
5306#-&4)005*/( $0//&$5*0/4
1SPCMFN 8JO4JUV  4PGUXBSF DBOOPU DPOOFDU UP UIF "RVB 530-- JOTUSVNFOU
1SPCBCMF $BVTF 5IF XSPOH $0. QPSU JT TFMFDUFE DPNNVOJDBUJPO TFUUJOHT BSF JODPNQBUJCMF CBUUFSJFT BSF MPX PS DBCMF
DPOOFDUJPOT BSF MPPTF PS EJSUZ
4VHHFTUFE 3FNFEZ $IFDL UIF GPMMPXJOH
z

"MM DBCMF DPOOFDUJPOT BSF UJHIU DPOOFDUPST BSF DMFBO BOE ESZ

z

5IF DBCMF JT TFDVSFMZ BUUBDIFE UP UIF JOTUSVNFOU

z

5IF DPSSFDU $0. QPSU JT TFMFDUFE TFMFDU 1SFGFSFODFT NFOV  $PNN 4FUUJOHT UP DIFDL UIJT 

z

z

5IF DPNNVOJDBUJPO TFUUJOHT JO 8JO4JUV BOE JO UIF "RVB 530-- NBUDI 5P SFTFU UIF EFWJDF DPNNVOJDBUJPO TFUUJOHT UP
UIF TFSJBM EFGBVMUT DMJDL i3FTFU BMM %FWJDFTw JO UIF $PNN 4FUUJOHT EJBMPH 1SFGFSFODFT NFOV  $PNN 4FUUJOHT
5IF JOUFSOBM CBUUFSZ IBT WPMUBHF SFNBJOJOH PS FYUFSOBM QPXFS JT TVQQMJFE

1SPCMFN 3FBMUJNF SFBEJOHT BSF JO UIF XSPOH VOJUT
1SPCBCMF $BVTF %FGBVMU VOJUT BSF CFJOH VTFE
4VHHFTUFE 3FNFEZ $MJDL UIF 4FOTPST UBC TFMFDU UIF TFOTPS DMJDL UIF $POGJHVSF CVUUPO
FBDI QBSBNFUFS JO UIF 4FOTPS 4FUVQ XJOEPX $MJDL 0,
VOJUT

BOE TFMFDU UIF EFTJSFE VOJUT GPS

 #F TVSF UP TUPQ iQPMMJOHw JO UIF )PNF TDSFFO CFGPSF TFMFDUJOH

5306#-&4)005*/( %"5" -0(4
1SPCMFN $BOOPU BEE B OFX MPH
1SPCBCMF $BVTF  0OMZ POF BDUJWF MPH DBO SFTJEF JO UIF EFWJDF BU B UJNFBO BDUJWF MPH JT B MPH UIBU JT 3FBEZ 1FOEJOH 3VOOJOH
PS 4VTQFOEFE BT TIPXO JO UIF 4UBUVT DPMVNO PG UIF -PHHJOH 5BC
4VHHFTUFE 3FNFEZ 4UPQ PS EFMFUF UIF MPH JG QPTTJCMF "MUFSOBUJWFMZ DPOGJHVSF UIF OFX MPH BGUFS UIF BDUJWF MPH JT DPNQMFUFE
1SPCBCMF $BVTF  5IF EFWJDF IBT JUT NBYJNVN OVNCFS PG MPHT BMSFBEZ TUPSFEBMUIPVHI UIJT JT OPU B MJLFMZ DBVTF GPS UIF "RVB
530--  XIJDI IBT B DBQBDJUZ PG  MPHT
4VHHFTUFE 3FNFEZ %PXOMPBE BOE UIFO EFMFUF B MPH ZPV BSF GJOJTIFE VTJOH 5IJT XJMM NBLF SPPN GPS BO BEEJUJPOBM MPH PO UIF
EFWJDF
1SPCMFN /FX MPH FYDFFET BWBJMBCMF NFNPSZ NFTTBHF GSPN TPGUXBSF 
1SPCBCMF $BVTF 5IF MPH BT DPOGJHVSFE XPVME FYDFFE UIF EFWJDF NFNPSZ
4VHHFTUFE 3FNFEZ &EJU UIF MPH BOE USZ UIFTF
z

4FMFDU B MPOHFS TBNQMJOH JOUFSWBM

z

*G BWBJMBCMF TFMFDU UIF 8SBQ EBUB PQUJPO DVSSFOU EBUB XJMM PWFSXSJUF PMEFS EBUB XIFO UIF NFNPSZ JT GVMM 

z

'PS B MPH XJUI B TDIFEVMFE TUBSU TFMFDU /POF BT UIF TUPQ DPOEJUJPO PS TFMFDU B TUPQ UJNF UIBU JT DMPTFS UP UIF TUBSU UJNF

5306#-&4)005*/( 1"3".&5&3 $0/'*(63"5*0/
1SPCMFN $BOOPU DPOGJHVSF MFWFM PS PUIFS QBSBNFUFST VTJOH UIF $POGJHVSF CVUUPO PO UIF 4FOTPST UBC 5IF 4FOTPS TFUVQ TDSFFO JT
TIPXO CVU UIF $POGJHVSF CVUUPO JT EJN
1SPCBCMF $BVTF  5IF "RVB 530-- JT BDUJWFMZ QPMMJOH DPOUJOVBMMZ VQEBUJOH SFBMUJNF SFBEJOHT JO UIF )PNF UBC
4VHHFTUFE 3FNFEZ 3FUVSO UP UIF )PNF UBC BOE TUPQ SFBMUJNF SFBEJOHT CZ DMJDLJOH



1SPCBCMF $BVTF  5IF "RVB 530-- IBT BO BDUJWF MPHB MPH UIBU JT 3FBEZ 1FOEJOH 3VOOJOH PS 4VTQFOEFE BT TIPXO JO UIF
4UBUVT DPMVNO PG UIF -PHHJOH 5BC 0OMZ POF BDUJWF MPH DBO SFTJEF JO UIF EFWJDF BU B UJNF
4VHHFTUFE 3FNFEZ 4UPQ PS EFMFUF UIF MPH JG QPTTJCMF "MUFSOBUJWFMZ DPOGJHVSF QBSBNFUFST BGUFS UIF MPH JT DPNQMFUFE
5306#-&4)005*/( $0/%6$5*7*5: $"-*#3"5*0/
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1SPCMFN 5IF DBMDVMBUFE DFMM DPOTUBOU ,DFMM JT MPXFS UIBO UIF SFDPNNFOEFE SBOHF PG  o 
1SPCBCMF $BVTF 5IF FMFDUSJDBM SFTJTUBODF PG UIF DBMJCSBUJPO TPMVUJPO XBT MPXFS UIBO FYQFDUFE GPS UIF OPNJOBM WBMVF
4VHHFTUFE 3FNFEZ $IFDL UIF GPMMPXJOH BOE UIFO SFQFBU UIF DBMJCSBUJPO
z

7JTVBMMZ JOTQFDU UIF TFOTPS GPS UIF QSFTFODF PG GPVMJOH NPTU MJLFMZ DPOEVDUJWF NBUFSJBM QPTTJCMZ B CJPGJMN  DMFBO BT
EFTDSJCFE JO 4FDUJPO  PG UIJT NBOVBM

z

&OTVSF UIF DBMJCSBUJPO TPMVUJPO JT OPU DPOUBNJOBUFE NJTMBCFMFE PS QBSUJBMMZ FWBQPSBUFE

z

3JOTF UIF "RVB 530-- *OTUSVNFOU BOE UIF $BM $VQ UIPSPVHIMZ XJUI GSFTI DBMJCSBUJPO TPMVUJPO CFGPSF DBMJCSBUJOH

1SPCMFN 5IF DBMDVMBUFE DFMM DPOTUBOU ,DFMM JT IJHIFS UIBO UIF SFDPNNFOEFE SBOHF PG  o 
1SPCBCMF $BVTF 5IF FMFDUSJDBM SFTJTUBODF PG UIF DBMJCSBUJPO TPMVUJPO XBT IJHIFS UIBO FYQFDUFE GPS UIF OPNJOBM WBMVF PS BO BJS
CVCCMF XBT QSFTFOU JO UIF TFOTJOH DFMM EVSJOH DBMJCSBUJPO
4VHHFTUFE 3FNFEZ $IFDL UIF GPMMPXJOH BOE UIFO SFQFBU UIF DBMJCSBUJPO
z

7JTVBMMZ JOTQFDU UIF TFOTPS GPS UIF QSFTFODF PG GPVMJOH NPTU MJLFMZ BO PCTUSVDUJOH NBUFSJBM PS PSHBOJTN  DMFBO BT
EFTDSJCFE JO 4FDUJPO  PG UIJT NBOVBM

z

&OTVSF UIF DBMJCSBUJPO TPMVUJPO JT OPU DPOUBNJOBUFE NJTMBCFMFE PS QBSUJBMMZ EJMVUFE

z

3JOTF UIF "RVB 530-- *OTUSVNFOU BOE UIF $BM $VQ UIPSPVHIMZ XJUI GSFTI DBMJCSBUJPO TPMVUJPO CFGPSF DBMJCSBUJOH

z

i3PMM BOE UBQw UIF "RVB 530-- *OTUSVNFOU JO UIF $BM $VQ UP EJTQFM BJS CVCCMFT BT EFTDSJCFE BOE JMMVTUSBUFE JO 4FDUJPO 

%FDMBSBUJPO PG $POGPSNJUZ
.BOVGBDUVSFS *O4JUV *OD
 &BTU -JODPMO "WFOVF
'PSU $PMMJOT $0  64"
%FDMBSFT UIBU UIF GPMMPXJOH QSPEVDU
z

1SPEVDU OBNF "RVB 530--

z

.PEFM "RVB 530-- 

z

1SPEVDU %FTDSJQUJPO 5IF "RVB 530--  NFBTVSFT BOE MPHT MFWFM UFNQFSBUVSF BOE DPOEVDUJWJUZ JO OBUVSBM
HSPVOEXBUFS BOE TVSGBDF XBUFS

JT JO DPNQMJBODF XJUI UIF GPMMPXJOH %JSFDUJWFT
z

&&$ GPS &MFDUSPNBHOFUJD $PNQBUJCJMJUZ &.$ %JSFDUJWF &&$ GPS 4BGFUZ %JSFDUJWF

BOE NFFUT PS FYDFFET UIF GPMMPXJOH JOUFSOBUJPOBM SFRVJSFNFOUT BOE DPNQMJBODF TUBOEBSET
z

z

*NNVOJUZ
&/  &MFDUSJD &RVJQNFOU GPS .FBTVSFNFOU $POUSPM BOE -BCPSBUPSZ 6TF
&NJTTJPOT
$MBTT " SFRVJSFNFOUT PG &/  &MFDUSJD &RVJQNFOU GPS .FBTVSFNFOU $POUSPM BOE -BCPSBUPSZ 6TF

4VQQMFNFOUBSZ *OGPSNBUJPO
5IF EFWJDF DPNQMJFT XJUI UIF SFRVJSFNFOUT PG UIF &6 %JSFDUJWFT &&$ BOE &&$ BOE UIF $& NBSL JT BGGJYFE
BDDPSEJOHMZ

#PC #MZUIF

%FDMBSBUJPO PG $POGPSNJUZ
.BOVGBDUVSFS *O4JUV *OD
 &BTU -JODPMO "WFOVF
'PSU $PMMJOT $0  64"
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%FDMBSFT UIBU UIF GPMMPXJOH QSPEVDU
z

1SPEVDU OBNF 530-- $PN

z

.PEFM 64# 530-- $PN 1SPEVDU %FTDSJQUJPO 34 UP 64# DPOWFSUFS

JT JO DPNQMJBODF XJUI UIF GPMMPXJOH %JSFDUJWF
z

&&$ GPS &MFDUSPNBHOFUJD $PNQBUJCJMJUZ &.$ %JSFDUJWF &&$ GPS 4BGFUZ %JSFDUJWF

BOE NFFUT PS FYDFFET UIF GPMMPXJOH JOUFSOBUJPOBM SFRVJSFNFOUT BOE DPNQMJBODF TUBOEBSET
z

z

*NNVOJUZ
&/  &MFDUSJDBM &RVJQNFOU GPS .FBTVSFNFOU $POUSPM BOE -BCPSBUPSZ 6TF *OEVTUSJBM -PDBUJPO
&NJTTJPOT
$MBTT " SFRVJSFNFOUT PG &/  &MFDUSJDBM &RVJQNFOU GPS .FBTVSFNFOU $POUSPM BOE -BCPSBUPSZ 6TF

4VQQMFNFOUBSZ *OGPSNBUJPO
5IF EFWJDF DPNQMJFT XJUI UIF SFRVJSFNFOUT PG UIF &6 %JSFDUJWFT &&$ BOE &&$ BOE UIF $& NBSL JT BGGJYFE
BDDPSEJOHMZ

5PEE $BNQCFMM
/FX 1SPEVDU %FWFMPQNFOU 1SPHSBN .BOBHFS
*O4JUV *OD
+VOF  
5IF QSFTFODF PG UIF 8BTUF &MFDUSJDBM BOE &MFDUSPOJD &RVJQNFOU 8&&& NBSLJOH PO UIF QSPEVDU
JOEJDBUFT UIBU UIF EFWJDF JT OPU UP CF EJTQPTFE WJB UIF NVOJDJQBM XBTUF DPMMFDUJPO TZTUFN PG BOZ
NFNCFS TUBUF PG UIF &VSPQFBO 6OJPO
'PS QSPEVDUT VOEFS UIF SFRVJSFNFOU PG 8&&& EJSFDUJWF QMFBTF DPOUBDU ZPVS EJTUSJCVUPS PS MPDBM *O
4JUV *OD PGGJDF GPS UIF QSPQFS EFDPOUBNJOBUJPO JOGPSNBUJPO BOE UBLF CBDL QSPHSBN XIJDI XJMM
GBDJMJUBUF UIF QSPQFS DPMMFDUJPO USFBUNFOU SFDPWFSZ SFDZDMJOH BOE TBGF EJTQPTBM PG UIF EFWJDF
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AppendixE–Hydrology&Conductivity/SalinitySOPs,OnsetHOBO
Equipment:
Manufacturer:
OnsetComputerCorporation
470MacArthurBlvd.
Bourne,Massachusetts02532
www.onsetcomp.com
1Ͳ877Ͳ564Ͳ4377

Contents:
OnsetHOBOU20WaterLevelLogger:Usermanualavailableat:
http://www.onsetcomp.com/files/manual_pdfs/12315ͲEͲMANͲU20.pdf


OnsetHOBOU24ConductivityLoggerManual:
http://www.onsetcomp.com/files/manual_pdfs/15070ͲCͲMANͲU24x.pdf

OnsetHOBOUSBMicroStationDataLogger:
http://www.onsetcomp.com/files/manual_pdfs/20874ͲC%20MANͲQSGͲH21ͲUSB.pdf

OnsetSmartBarometricPressureSensor:
http://www.onsetcomp.com/files/manual_pdfs/12291ͲF%20MANͲSͲBPB.pdf

Software:
x HOBOWareUser’sGuideAvailableat:
http://www.onsetcomp.com/files/manual_pdfs/12730Ͳ
W%20HOBOware%20User's%20Guide.pdf
x HOBOWareProBarometricCompensationAssistantUser’sGuide:
http://www.onsetcomp.com/files/manual_pdfs/BarometricͲCompensationͲAssistantͲ
UsersͲGuideͲ10572.pdf
x HOBOWareProConductivityAssistantUser’sGuide:
http://www.onsetcomp.com/files/manual_pdfs/ConductivityͲAssistantͲUsersͲGuideͲ
15019.pdf

Cleaning:
x OnsetProductCleaningReferenceGuide:
http://www.onsetcomp.com/files/manual_pdfs/15667ͲDͲProductͲCleaningͲReferenceͲ
Guide.pdf

Deployment:
NationalParkServicereport:Continuouswaterleveldatacollectionandmanagementusing
OnsetHOBOdataloggers:ANortheastCoastalandBarrierNetworkmethodsdocument.
https://irma.nps.gov/DataStore/DownloadFile/563851
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HOBO® U20 Water Level
Logger (U20-001-0x and U20-001-0x-Ti) Manual
The HOBO U20 Water Level Logger is used for monitoring changing water levels in a
wide range of applications including streams, lakes, wetlands, tidal areas, and
groundwater. The loggers are typically deployed in existing wells or stilling wells
installed specifically for deploying the loggers. This logger features high accuracy at
a great price and HOBO ease-of-use, with no cumbersome vent tubes or desiccants
to maintain.
The logger uses a maintenance-free absolute pressure sensor and features a
durable stainless steel or titanium housing (depending on model) and ceramic
pressure sensor. The HOBO Water Level Titanium is recommended for saltwater
deployment for recording water levels and temperatures in wetlands and tidal
areas. The logger uses precision electronics to measure absolute pressure and
temperature and has enough memory to record over 21,700 combined pressure
and temperature measurements.

Specifications
HOBO Water Level Logger
Pressure (Absolute) and Water Level Measurements U20-001-01 and U20-001-01-Ti

Models:
• U20-001-01 (30-foot depth)
and U20-001-01-Ti (30-foot
depth/Titanium)
• U20-001-02 (100-foot depth)
and U20-001-02-Ti (100-foot
depth/Titanium)
• U20-001-03 (250-foot depth)
and U20-001-03-Ti (250-foot
depth/Titanium)
• U20-001-04 (13-foot depth)
and U20-001-04-Ti (13-foot
depth/Titanium)

Required Items:
• Coupler (COUPLER-2-B) with
USB Optic Base Station
(BASE-U-4) or
HOBO Waterproof Shuttle
(U-DTW-1)
• HOBOware® Pro

Accessories:
• Cable (CABLE-1-300 or
CABLE-1-50) and Cable Crimp
(CABLE-1-CRIMP)
• Replacement Coupler
(COUPLER2-B)

Operation Range

0 to 207 kPa (0 to 30 psia); approximately 0 to 9 m (0 to 30 ft)
of water depth at sea level, or 0 to 12 m (0 to 40 ft) of water at
3,000 m (10,000 ft) of altitude

Factory Calibrated Range

69 to 207 kPa (10 to 30 psia), 0° to 40°C (32° to 104°F)

Burst Pressure

310 kPa (45 psia) or 18 m (60 ft) depth

Water Level Accuracy*

Typical error: ±0.05% FS, 0.5 cm (0.015 ft) water
Maximum error: ±0.1% FS, 1.0 cm (0.03 ft) water

Raw Pressure Accuracy**

±0.3% FS, 0.62 kPa (0.09 psi) maximum error

Resolution

<0.02 kPa (0.003 psi), 0.21 cm (0.007 ft) water

Pressure Response Time (90%)***

<1 second; measurement accuracy also depends on
temperature response time

Pressure (Absolute) and Water Level Measurements U20-001-02 and U20-001-02-Ti
Operation Range

0 to 400 kPa (0 to 58 psia); approximately 0 to 30.6 m (0 to 100
ft) of water depth at sea level, or 0 to 33.6 m (0 to 111 ft) of
water at 3,000 m (10,000 ft) of altitude

Factory Calibrated Range

69 to 400 kPa (10 to 58 psia), 0° to 40°C (32° to 104°F)

Burst Pressure

500 kPa (72.5 psia) or 40.8 m (134 ft) depth

Water Level Accuracy*

Typical error: ±0.05% FS, 1.5 cm (0.05 ft) water
Maximum error: ±0.1% FS, 3 cm (0.1 ft) water

Raw Pressure Accuracy**

±0.3% FS, 1.20 kPa (0.17 psi) maximum error

Resolution

<0.04 kPa (0.006 psi), 0.41 cm (0.013 ft) water

Pressure Response Time (90%)***

<1 second; measurement accuracy also depends on
temperature response time

Pressure (Absolute) and Water Level Measurements U20-001-03 and U20-001-03-Ti

12315-H MAN-U20

Operation Range

0 to 850 kPa (0 to 123.3 psia); approximately 0 to 76.5 m (0 to
251 ft) of water depth at sea level, or 0 to 79.5 m (0 to 262 ft)
of water at 3,000 m (10,000 ft) of altitude

Factory Calibrated Range

69 to 850 kPa (10 to 123.3 psia), 0° to 40°C (32° to 104°F)

Burst Pressure

1200 kPa (174 psia) or 112 m (368 ft) depth

Water Level Accuracy*

Typical error: ±0.05% FS, 3.8 cm (0.125 ft) water
Maximum error: ±0.1% FS, 7.6 cm (0.25 ft) water

Raw Pressure Accuracy**

±0.3% FS, 2.55 kPa (0.37 psi) maximum error

HOBO U20 Water Level Logger Manual

Specifications (continued)
Pressure (Absolute) and Water Level Measurements U20-001-03 and U20-001-03-Ti (continued)
Resolution

<0.085 kPa (0.012 psi), 0.87 cm (0.028 ft) water

Pressure Response Time (90%)***

<1 second; measurement accuracy also depends on temperature response time

Pressure (Absolute) and Water Level Measurements U20-001-04 and U20-001-04-Ti
Operation Range

0 to 145 kPa (0 to 21 psia); approximately 0 to 4 m (0 to 13 ft) of water depth at sea level, or 0 to 7 m (0 to
23 ft) of water at 3,000 m (10,000 ft) of altitude

Factory Calibrated Range

69 to 145 kPa (10 to 21 psia), 0° to 40°C (32° to 104°F)

Burst Pressure

310 kPa (45 psia) or 18 m (60 ft) depth

Water Level Accuracy*

Typical error: ±0.075% FS, 0.3 cm (0.01 ft) water
Maximum error: ±0.15% FS, 0.6 cm (0.02 ft) water

Raw Pressure Accuracy**

±0.3% FS, 0.43 kPa (0.063 psi) maximum error

Resolution

<0.014 kPa (0.002 psi), 0.14 cm (0.005 ft) water

Pressure Response Time (90%)***

<1 second; measurement accuracy also depends on temperature response time

Temperature Measurements (All Models)
Operation Range

-20° to 50°C (-4° to 122°F)

Accuracy

±0.44°C from 0° to 50°C (±0.79°F from 32° to 122°F), see Plot A

Resolution

0.10°C at 25°C (0.18°F at 77°F), see Plot A

Response Time (90%)

5 minutes in water (typical)

Stability (Drift)

0.1°C (0.18°F) per year

Logger
Real-time Clock

± 1 minute per month 0° to 50°C (32° to 122°F)

Battery

2/3 AA, 3.6 Volt lithium, factory-replaceable

Battery Life (Typical Use)

5 years with 1 minute or greater logging interval

Memory (Non-volatile)

64K bytes memory (approx. 21,700 pressure and temperature samples)

Weight

Stainless steel models: approximately 210 g (7.4 oz)
Titanium models: approximately 140 g (4.8 oz)

Dimensions

2.46 cm (0.97 inches) diameter, 15 cm (5.9 inches) length; mounting hole 6.3 mm (0.25 inches) diameter

Wetted Materials

Stainless Steel models: 316 stainless steel, Viton® O-rings, acetal cap, ceramic sensor
Titanium models: Titanium, Viton O-rings, acetal cap, ceramic sensor

Logging Interval

Fixed-rate or multiple logging intervals, with up to 8 user-defined logging intervals and durations; logging
intervals from 1 second to 18 hours. Refer to the HOBOware software manual.

Launch Modes

Immediate start and delayed start

Offload Modes

Offload while logging; stop and offload

Battery Indication

Battery voltage can be viewed in status screen and optionally logged in datafile. Low battery indication in
datafile.
The CE Marking identifies this product as complying with all relevant directives in the European Union (EU).

* Water Level Accuracy: With accurate reference water level measurement, known water density,
accurate Barometric Compensation Assistant data, and a stable temperature environment.

Plot A

** Raw Pressure Accuracy: Absolute pressure sensor accuracy includes all sensor drift, temperature,
and hysteresis-induced errors.
*** Changes in Temperature: Allow 10 minutes in water to achieve full temperature compensation of
the pressure sensor. Maximum error due to rapid thermal changes is approximately 0.5%.

1-800-LOGGERS

2

www.onsetcomp.com

HOBO U20 Water Level Logger Manual
The following table explains when the logger blinks during
logger operation:

Software
HOBOware Pro software is required for logger operation. Using
a reference water level, HOBOware Pro automatically converts
the pressure readings into water level readings. The software
also supports compensation for temperature, fluid density, and
barometric pressure.

Communication
For launching and reading out the Water Level logger in the
field, you can use a laptop computer with HOBOware Pro and
an Onset Optic USB Base Station (BASE-U-4), with a coupler
(COUPLER2-B) or the HOBO Waterproof Shuttle (U-DTW-1) with
a coupler (COUPLER2-B).

When:

The Light:

The logger is logging

Blinks once every one to four seconds (the
shorter the logging interval, the faster the
light blinks); blinks when logging a sample

The logger is
awaiting a start
because it was
launched in Start At
Interval or Delayed
Start mode

Blinks once every eight seconds until
logging begins

Calibration

The optical interface allows the logger to be offloaded without
breaking the integrity of the seals. The USB compatibility allows
for easy setup and fast downloads.

The pressure sensor in each HOBO Water Logger is individually
calibrated. During calibration, raw pressure sensor data is
collected at multiple pressures and temperatures over the
calibrated range of the logger (see the specifications table). This
data is used to generate calibration coefficients that are stored
in the logger’s non-volatile memory. The calibration coefficients
are then checked to be sure that the logger meets its stated
accuracy over the calibrated range.

Barometric Compensation
The HOBO Water Level Logger records absolute pressure, which
is later converted to water level readings by the software. In
this application, absolute pressure includes atmospheric
pressure and water head. Atmospheric pressure is nominally
100 kPa (14.5 psi) at sea level, but changes with weather and
altitude. Left uncompensated, barometric variations could
result in errors of 0.6 m (2 ft) or more.

The pressure sensor can be used at pressures and temperatures
that are outside of the calibrated range, but the accuracy
cannot be guaranteed.
Important: Never exceed the burst pressure of the sensor!

To compensate for barometric pressure changes, you can use
the HOBO U20 Water Level Logger as a barometric reference.
The barometric reference is typically deployed in the same well
or at the same location as the water level of interest, but rather
than being placed in the water column, it is deployed above the
water in air.

Sleep Mode
The logger consumes significantly more power when it is
“awake” and connected to a base station or shuttle. To
conserve power, the logger will go into a low-power (sleep)
mode if there has been no communication with your computer
for 30 minutes. To wake up the logger, remove the logger from
the coupler, wait a moment, then re-insert the logger.

Barometric pressure readings are consistent across a region
(except during fast-moving weather events), so you can
generally use barometric pressure readings that are taken
within 15 km (10 miles) of the logger or more, without
significantly degrading the accuracy of the compensation.

Sample and Event Logging
The logger can record two types of data: samples and events.
Samples are the sensor measurements recorded at each logging
interval (for example, the pressure every minute). Events are
independent occurrences triggered by a logger activity, such as
Bad Battery or Host Connected. Events help you determine
what was happening while the logger was logging.

Therefore, one U20 or weather station (HOBO U30 or H21
recommended) can be used to compensate all of the water
level loggers in an area. The U20-001-01 model with its 0–9m
(0–30 ft) range or the U20-001-04 with its 0–4 m (0–13 ft) range
are both good barometric references due to their smaller
range, temperature-compensated accuracy, and rugged
stainless steel case. HOBOware Pro includes a Barometric
Compensation Assistant for easy and accurate barometric
compensation.

The logger stores 64K of data, and can record over 21,700
samples of pressure and temperature.

Setup

LEDs

Before you deploy the HOBO U20 Water Level Logger in the
field, perform the following steps in the office:

A light (LED) in the communications window of the logger
confirms logger operation.

1. Start HOBOware.
2. Connect the logger to the computer. See the next section.
3. Verify the status. Click Status on the toolbar and observe
that the absolute pressure is near barometric pressure for
the location and the temperature is near the actual
temperature.
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4. Launch the logger. See the HOBOware User’s Guide for
details.

Deploying the Logger
The HOBO Water Level Logger is designed to be easy to deploy
in many environments. The logger uses an absolute pressure
sensor, so no vent tube is required. The small size of the logger
is convenient for use in small wells and allows the logger to be
mounted and/or hidden in the field.

• Make sure both Abs. Pressure and Temperature are
selected (temperature is required for temperature
compensation of pressure).
• Logging Battery Voltage is not essential since you can
check the battery voltage using the Status screen at
launch or readout of logger.

Connecting the Logger to a Computer
The HOBO Water Level Logger requires a coupler (COUPLER2-B)
and USB Optic Base Station (BASE-U-4) or HOBO Waterproof
Shuttle (U-DTW-1) to connect to the computer.
1. Follow the instructions that came with your base station or
shuttle to attach the base station or shuttle to a USB port
on the computer.
2. Unscrew the black plastic end cap from the logger by
turning it counter-clockwise.
3. Attach the coupler to the base station or shuttle
4. Insert the logger into the coupler with the flat on the logger
aligned with the arrow on the coupler label. Gently twist
the logger to be sure that it is properly seated in the coupler
(it should not turn).

Deployment Guidelines

NOTE: If you are using the Waterproof Shuttle, briefly press the
coupler lever to put the shuttle into base station mode.

Full Temperature Equilibrium
The pressure sensor is temperature compensated over the
range of 0° to 40°C (32° to 104°F). To obtain the highest level of
accuracy, the logger should be allowed to come to full
temperature equilibrium (approximately 20 minutes) before
the reference level is recorded.
Sudden Temperature Changes
Sudden temperature changes should be avoided. When
deploying a HOBO Water Level Logger for barometric pressure
reference, some consideration should be made to minimize the
rate of temperature fluctuations. Ideally, the barometric
pressure reference logger should be hung several feet below
ground level in an observation well where ground temperatures
are stable (while making sure the logger remains above the
water level). If that is not possible (or if a well is not used), try
to put the logger in a location where it will not be subject to
rapid daily temperature cycles.

If the logger has never been connected to the computer before,
it may take a few seconds for the new hardware to be detected
by the computer.

Venting
When deploying a HOBO Water Level logger in a well, make
sure the well is vented to the atmosphere. Typically, a small
hole can be drilled in the well cap to ensure that the pressure
inside and outside the well is at equilibrium. If this is not
possible, the barometric pressure reference logger should be
used inside the same well.

Important: USB communications may not function properly at
temperatures below 0°C (32°F) or above 50°C (122°F).

Wire
Use a no-stretch wire to hang the water level logger. Any
change in length of the wire will result in a 1-to-1
corresponding error in the depth measurement. Always pulltest a cable prior to deploying a logger in a well to make sure it
does not stretch.

1-800-LOGGERS
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Stilling Well
If you are deploying the logger in a lake, river, or stream, you
must first build a stilling well to protect the logger from
vibration, shock, and movement.

referenced to a point below the water surface such as
the bottom of the stream, record the water level as a
positive number.
6. Record the reference measurement date and time.

A simple stilling well can be constructed with PVC or ABS pipe.
A properly constructed stilling well helps to protect the logger
from currents, wave action, and debris. Suspend the logger in
the stilling well so it is always underwater, but not on the
bottom to be buried by silt.

Deploying a U20 Logger for Barometric
Pressure Data (Optional)

For more information, see the Technical Application Note for
Constructing a Stilling Well at:
http://www.onsetcomp.com/water_level_stilling_well.html

1. Cut wire for suspending the logger.

If you are using a U20 logger to record barometric pressure
data, install one logger in one of the wells as follows:

a. Measure the physical depth to the surface of the water
from the suspension point.

Burst Pressure
Be very careful not to exceed the burst pressure for the logger.
The pressure sensor will burst if the maximum depth is
exceeded (see specifications table). The logger should be
positioned at a depth where the logger will remain in the water
for the duration of the deployment, but not exceed the rated
bursting depth.

b. Cut a piece of stranded, stainless steel wire (Teflon
coated is best) so that the logger will hang about 2 feet
below the ground surface but always above the water
surface.
2. Attach the wire to the suspension point and to the logger
cap.

Deployment Procedure

3. Relaunch the logger if desired (if a PC or a HOBO U-Shuttle
is available)

1. Cut wire to suspend logger.
a. Measure the physical depth to the surface of the water
from the suspension point.

4. Lower the logger into the well or stilling well. Make sure the
logger does not go below the water surface.

b. Cut a piece of stranded, stainless steel wire (Teflon
coated is best) so that the logger will be deep enough to
always be in the water. Estimate the low water level and
make the cable length such that the logger will be about
2 feet below that level.

5.

Record the deployment time.

Collecting Data
For reading out the Water Level logger in the field, you can use
either of the following:

2. Attach the wire to the suspension point and to the logger
cap.

•

Laptop computer with HOBOware Pro and an Optic USB
Base Station (BASE-U-4), with a coupler (COUPLER2-B)

3. Relaunch the logger if desired (if a PC or a HOBO U-Shuttle
is available).

•

HOBO Waterproof Shuttle (U-DTW-1) with a coupler
(COUPLER2-B)

4. Lower the logger into the well or stilling well.

1. Measure the water depth using the original reference point
with the correct sign.

5. Measure the water depth from the desired reference point
(top of pipe, ground level, or sea level).
•

•

•

•

2. Record depth and date and time.

To maximize accuracy, allow 20 minutes after deploying
the logger before measuring water depth to allow the
logger to reach temperature equilibrium with the water.

3. Pull the logger out of the well.
4. Remove the logger from its cap, leaving the suspension
undisturbed.

If the well is too small in diameter to measure the water
depth after deployment, measure the water depth
before deployment, then deploy the logger immediately
and record deployment time.

5. Readout the data using one of the options listed above.
6. Save the data in a test folder location.
7. Redeploy the logger (optional). See below.

For well deployments: If the water level surface is below
the reference point (such as referencing groundwater
measurements to the top of the well), record the water
level as a negative number. If the water level surface is
above the reference point (such as height above sea
level), record the water level as a positive number.

Barometric Pressure Data
To read out a U20 logger used for barometric pressure data:
1. Remove the logger from the well.
2. Readout the data using one of the options listed above.
3. Save the data in a test folder location.

For lake, stream, and river deployments: If the water
level is being referenced to some point above the logger
(such as the top of the stilling well), record the water
level as a negative number. If the water depth is being

1-800-LOGGERS
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Redeploying the Logger
If you are redeploying the logger, you must first make sure that
it is launched. If you used the HOBO Waterproof Shuttle to
offload data, the shuttle automatically performs a synchronized
relaunch of the logger so that data is logged on the same
measurement intervals. If you wish to change the launch
settings, you must launch the logger using HOBOware Pro.

To quantify measurement error (which is ideally zero), compare
the calculated water level at the end of the plot with the water
level measured just before you removed the water level logger.

Barometric Data from Other Sources
Third Party Weather Station or Barometric Logger
If you choose to use barometric pressure from a third party
weather station or barometric logger, you need to convert the
date, time, and pressure data to a text file with special header
requirements. For information on how to set up the text file,
see the HOBOware Help or User Guide. It is easiest to do this
work in EXCEL and then save it as a text file.

The existing suspension can be reused as long as the water
level logger remained in the water and the barometric logger
remained out of the water for the entire test interval. Take a
new reference reading with the date and time as described in
Collecting Data. Record this information in your field notebook
to use later to calibrate your data, which will zero out any drift
error.

Online Weather Station
If you choose to use barometric pressure from an online
weather station, such as the National Weather Service, the
measured barometric pressure is modified to be at sea level.
This sea level pressure is useable since all pressure offsets are
zeroed when you enter the reference measurement.

Processing Data using
Barometric Pressure Data
To determine water level using barometric pressure data, use
the Barometric Compensation Assistant in HOBOware Pro, as
described below.

In the Barometric Compensation Assistant, when you select the
Barometric Data File, select the text file that you generated.
HOBOware Pro will ask for the data format and data separation
characters (tab or comma) and then import the barometric
data.

If you are using barometric pressure data from a HOBO weather
station, you can use the data file as if it were U20 barometric
data. For data from sources other than Onset products, see
Barometric Data from Other Sources below.

Maintenance

1. In HOBOware Pro, open the water depth data file. The Plot
Setup window appears.

Protecting the Logger

2. Uncheck all boxes except Abs. Pressure.

Important: Do not attempt to open the logger housing!
Unscrewing the metal nose cone of the logger will cause
serious damage to the pressure sensor and logger electronics.
There are no user serviceable parts inside the case. Contact
Onset technical support if your logger requires servicing.

3. Run the Barometric Compensation Assistant.
a. Click the Process button.
b. Select the water density box that best describes the
water that you are measuring or enter the actual water
density.

This logger can be damaged by shock. Always handle the
logger with care. The logger may lose its calibrated accuracy or
be damaged if it is dropped. Use proper packaging when
transporting or shipping the logger.

c. Check the Use a Reference Water Level box and enter
the reference water level that you measured at the
beginning of the deployment.

Biofouling
Periodically inspect the logger for fouling. Biological growth on
the face of the pressure sensor will throw off the pressure
sensor’s accuracy. Organisms that grow inside the sensor nose
cone and on the sensor itself can interfere with the sensor’s
operation and eventually make the sensor unusable. If the
deployment area is prone to biofouling, check the logger
periodically for marine growth.

d. Select the date and time from the pull-down menu that
is closest to the recorded date/time for the
measurement. If you measured the depth before
deployment because of pipe size, then select a
date/time after the start of the deployment.
e. Check Use Barometric Data file.
f. Click the Choose button. This will allow you to select the
data file to use for barometric pressure compensation.

Solvents
Check a materials-compatibility chart before deploying the
logger in locations where untested solvents are present.

g. Select and open the data file.

The logger is shipped with Viton O-rings installed. Viton has an
excellent resistance to most solvents and is suitable for
deployments in water that contain a mixture of most fuels,
solvents and lubricants. However, the Viton O-rings are
sensitive to polar solvents (acetone, ketone), ammonia, and
brake fluids.

h. Click the Create New Series button. A new Plot Setup
window appears.
4. Select the Water Level box and any other series that you
want plotted. Click the Plot button to obtain a plot of the
resulting water level data.
Measurement Error
Measurement error can be caused by manual measurement
error, sensor drift, or change in the suspension cable length.
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The black acetal cap is provided to help protect the
communications window. Acetal is resistant to most solvents,
fuels, and lubricants.

Recalibration

The polycarbonate communications window is sealed as an
additional barrier to water and dirt entering the logger housing.

If you would like to have your logger’s absolute accuracy
verified against a NIST standard, or to have your logger
recalibrated, contact Onset or your place of purchase for
pricing and return arrangements.

Compensating for Drift

The Battery

All pressure sensors drift over time. The drift for the pressure
sensor and electronics in the HOBO Water Level logger is less
than 0.3% FS (worst case) per year. In most applications, drift is
not a significant source of error, because the offset created by
any drift is zeroed out when you take a manual reference level
measurement and use the logger software to automatically
calculate the level readings relative to the reference
measurement. In effect, you are re-zeroing the sensor each
time you apply a reference reading to the data file.
Pressure sensor drift matters only when absolute pressure
values are needed, or if there are no recent reference level or
depth measurements available. For example, if the logger is
deployed for one year and no new reference level readings are
taken during the deployment, it is possible that the sensor
could have drifted as much as 0.3% FS by the end of the
deployment.
It is possible to determine the actual amount of drift during a
deployment if a reference level is taken at the beginning and
the end of a long-term deployment. The results of applying the
two different reference levels (once at the beginning of the
data file, and again at the end of the data file) can be
compared. Any difference between the files indicates the
amount of sensor drift (assuming accurate reference levels).

Verifying Accuracy
You can check the differential accuracy of your loggers for
water level measurements by deploying the loggers at two
depths and comparing the difference in level readings. When
verifying the accuracy this way, be sure to allow the loggers’
temperature to stabilize at each depth. Use the logger software
to convert the readings from pressure to level. The level
readings should be taken close enough together that the
barometric pressure does not change.
You can check the absolute pressure accuracy of your HOBO
Water Level Logger by comparing its ambient pressure readings
to a second HOBO logger. Their readings should be within each
other’s specified accuracy. Alternatively, you can check the
pressure reading against an accurate local barometer. If you
use a non-local source of barometric information, such as the
NOAA website, adjust for altitude.

The battery in the HOBO Water Level Logger is a 3.6 Volt
lithium battery.
Battery Life
The battery life of the logger should be about five years or
more. Actual battery life is a function of the number of
deployments, logging interval, and operation/storage
temperature of the logger. Frequent deployments with logging
intervals of less than one minute, and continuous
storage/operation at temperatures above 35°C will result in
significantly lower battery life. For example, continuous logging
at a one-second logging interval will result in a battery life of
approximately one month.
To obtain a five-year battery life, a logging interval of one
minute or greater should be used and the logger should be
operated and stored at temperatures between 0° and 25°C (32°
and 77°F).
Voltage
The logger can report and log its battery voltage. If the battery
falls below 3.1 V, the logger will record a “bad battery” event in
the datafile. If the datafile contains “bad battery” events, or if
logged battery voltage repeatedly falls below 3.3 V, the battery
is failing and the logger should be returned to Onset for battery
replacement.
Replacing the Battery
To have your logger’s battery replaced, contact Onset or your
place of purchase for return arrangements. Do not attempt to
replace the battery yourself. Severe damage to the logger will
result if the case is opened without special tools, and the
warranty will be voided.
WARNING: Do not cut open, incinerate, heat above
100°C (212°F), or recharge the lithium battery. The battery
may explode if the logger is exposed to extreme heat or
conditions that could damage or destroy the battery case.
Do not dispose of the logger or battery in fire. Do not
expose the contents of the battery to water. Dispose of the
battery according to local regulations for lithium batteries.

© 2008–2017 Onset Computer Corporation. All rights reserved. Onset, HOBO, and HOBOware are trademarks or
registered trademarks of Onset Computer Corporation. All other trademarks are the property of their respective
companies.
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www.onsetcomp.com/support/contact

This product has been manufactured by Onset Computer Corporation and in compliance with Onset’s ISO 9001:2008
Quality Management System.
Patent #: 6,826,664
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The HOBO U24 data logger family measures actual conductivity and temperature, and can
provide specific conductance at 25°C and salinity with the HOBOware® Conductivity
Assistant. These easily deployable, rugged loggers provide the data you need for monitoring
water purity, the impact of pollutants, salt water intrusion, and coastal ecosystems. The
U24-001 model is ideal for deployment in fresh water, while the U24-002 model is designed
for saltwater bays and estuaries. There is also an optional U2X Protective Housing accessory
(HOUSING-U2X) available for both HOBO U24 models to further protect the logger and
simplify mounting in harsh environments.

Specifications
U24-001

U24-002

Measurements

Actual Conductivity,
Temperature, Specific
Conductance at 25°C
(calculated)

Actual Conductivity,
Temperature, Specific
Conductance at 25°C
(calculated), Salinity (calculated
using PSS-78, the Practical
Salinity Scale 1978)

Conductivity Calibrated
Measurement Ranges

Low Range: 0 to 1,000 μS/cm
Full Range: 0 to 10,000 μS/cm
(see Plot B on next page for
specific conductance; see Plot C
on next page for a comparison
of ranges)

Low Range: 100 to 10,000
μS/cm
High Range: 5,000 to 65,000
μS/cm (see Plots A and B on
next page for salinity and
specific conductance; see Plot C
for a comparison of ranges)

Conductivity Calibrated
Range - Temperature Range

5° to 35°C (41° to 95°F)

5° to 35°C (41° to 95°F)

Conductivity Extended
Ranges

Low Range: 0 to 2,500 μS/cm
Full Range: 0 to 15,000 μS/cm

Low Range: 50 to 30,000 μS/cm
High Range: 1,000 to 65,000
μS/cm
(readings below these ranges
reported as 0)

Temperature Measurement
Range

-2° to 36°C (28° to 97°F)

-2° to 36°C (28° to 97°F)

Specific Conductance
Accuracy (in Calibrated
Range)

Low Range: 3% of reading, or 5
μS/cm, and
Full Range: 3% of reading, or 20
μS/cm, whichever is greater,
using Conductivity Data
Assistant and calibration
measurements

3% of reading, or 50 μS/cm,
whichever is greater for up to
50,000 μS/cm, using
Conductivity Data Assistant and
calibration measurements, and
up to 10% for up to
65,000 μS/cm in NaCl solutions
(see Plot D)

Conductivity Resolution

1 μS/cm

2 μS/cm

Temperature Accuracy (in
Calibrated Range)

0.1°C (0.2°F)

Temperature Resolution

0.01°C (0.02°F)

Conductivity Drift

Less than 3% sensor drift per year in saltwater, exclusive of drift
from fouling

Response Time

1 second to 90% of change (in water)

Operating Range

-2° to 36°C (28° to 97°F) - non-freezing

Memory

18,500 temperature and conductivity measurements when using
one conductivity range; 14,400 sets of measurements when using
both conductivity ranges (64 KB total memory)

Sample Rate

1 second to 18 hrs, fixed or multiple-rate sampling with up to 8
user-defined sampling intervals

Clock Accuracy

±1 minute per month

HOBO Conductivity Logger
Models: U24-001
U24-002
Required Items:
• Coupler (COUPLER2-C) with
USB Optic Base Station (BASEU-4) or HOBO Waterproof
Shuttle (U-DTW-1)
• HOBOware Pro 3.2 or later
with the Conductivity Assitant
2.1 or later

Accessories:
• U2X Protective Housing
(HOUSING-U2X)

15070-C MAN-U24x
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Specifications (continued)
Battery

3.6 Volt lithium battery

Battery Life

3 years (at 1 minute logging)

Maximum Depth

70 m (225 ft)

Weight

193 g (6.82 oz), buoyancy in freshwater: -59.8 g (-2.11 oz)

Size

3.18 cm diameter x 16.5 cm, with 6.3 mm mounting hole (1.25 in. diameter x
6.5 in., 0.25 in. hole)

Wetted Housing Materials

Delrin®, epoxy, stainless steel retaining ring, polypropylene, Buna rubber Oring, titanium pentoxide (inert coating over sensor); all materials are suitable
for long-term use in saltwater
The CE Marking identifies this product as complying with all relevant
directives in the European Union (EU).

Plot A: Salinity Range (U24-002)*

Plot B: Specific Conductance Range in Saltwater

* The Practical Salinity Scale 1978 (PSS-78) used to calculate salinity is valid
for salinities in the range of 2 to 42 ppt. For salinities outside of this range,
use the measured conductivity and temperature data from the logger with
a calculation appropriate for your salinities.

Plot C: Comparison of Conductivity
Calibrated Measurement Ranges

1-800-LOGGERS

Plot D: Specific Conductance
High-Range Accuracy (U24-002)
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The optical interface allows the logger to be offloaded without
breaking the integrity of the seals. The USB compatibility allows
for easy setup and fast downloads.

Protecting the Logger
IMPORTANT: This logger can be damaged by shock. Always
handle the logger with care. The logger may be damaged if it is
dropped. Use proper packaging when transporting or shipping
the logger.

Connecting the Logger to a Computer or
Waterproof Shuttle

Do not attempt to open the logger case or sensor housing.
Disassembling of the logger case or sensor housing will cause
serious damage to the sensor and logger electronics. There are
no user-serviceable parts inside the case. Contact Onset
Technical Support at 1-800-LOGGERS (1-800-564-4377) or an
authorized Onset dealer if your logger requires servicing.
Logger Case

1. Follow the instructions that came with your base station
or Waterproof Shuttle to attach it to a USB port on the
computer.
2. Attach the coupler to the base station or shuttle.
3. Wipe off any residue or slime from the area of the logger
that will go into the coupler, including the communication
window. This will help the logger slide in and out of the
coupler more easily, and help with communication.

Sensor Housing

4. Insert the logger into the coupler, aligning the bump/arrow
on the coupler with the arrow on the logger. Be sure that it
is properly seated in the coupler. If the logger has never
been connected to the computer before, it may take a few
seconds for the new hardware to be detected by the
computer.

Sensor Face
Do not scratch the sensor face
with a sharp tool.

NOTE: If you are using the HOBO Waterproof Shuttle as a
base station with a computer, briefly press the Coupler
Lever to put the shuttle into base station mode.

Operation
An LED in the communications window of the logger confirms
logger operation. When the logger is logging, the LED blinks
once every one to four seconds (the shorter the logging
interval, the faster the LED blinks). The LED also blinks when the
logger is recording a sample. When the logger is awaiting a start
because it was launched in “Start at Interval” or “Delayed Start”
mode, the LED blinks once every eight seconds until logging
begins.
The logger can record two types of data: samples and events.
Samples are the sensor measurements recorded at each logging
interval. Events are independent occurrences triggered by a
logger activity, such as Bad Battery or Host Connected. Events
help you determine what was happening while the logger was
logging.

WARNING: Do not leave the logger in the coupler for extended
periods of time. When connected to a coupler, the logger is
“awake” and consumes significantly more power than when it
is disconnected and considered “asleep.” Always remove the
logger from the Optic Base Station or HOBO Waterproof Shuttle
as soon as possible after launching, reading out, or checking the
status to avoid draining the battery.

Communication
To connect the logger to a computer, use either the Optic USB
Base Station (BASE-U-4) or HOBO Waterproof Shuttle
(U-DTW-1) with a coupler (COUPLER2-C).
IMPORTANT: USB 2.0 specifications do not guarantee
operation outside the range of 0°C (32°F) to 50°C (122°F).

Launching the Logger
Before deploying the logger in the field, perform the following
steps in the office:

To launch and read out the logger in the field, use one of these
methods:

1. Start HOBOware.

• Laptop computer with Optic USB Base Station (BASE-U-4)
and a coupler (COUPLER2-C)

2. Connect the logger to the computer as described in the
previous section.

• HOBO Waterproof Shuttle (U-DTW-1, Firmware Version
3.2.0 or later) and a coupler (COUPLER2-C)

3. Verify the status. Click the status button on the toolbar and
observe that the temperature is near the actual
temperature.

• HOBO U-Shuttle (U-DT-1, Firmware Version 1.14m030 or
later) with Optic USB Base Station and coupler (COUPLER2C)

1-800-LOGGERS

4. Launch the logger with the correct range. Refer to the
specifications on page 1 for both calibrated and extended
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ranges (the calibrated ranges are also printed on the logger
housing). The logger will not record readings outside of the
extended range selected. (For the U24-002, readings below
the extended range are reported as 0.) If in doubt on the
range needed for your deployment, or for environments
with wide fluctuations, select both ranges. This will shorten
the deployment duration from 18,500 samples to 14,400
samples per parameter (not logging battery voltage). See
the HOBOware User’s Guide or online help for details on
launching.

Method 1:
Taking readings directly in the water (recommended for
locations with access for the field meter probe and with
conductivity that is stable)
1. If you have just deployed the logger, allow enough time for
the logger temperature to stabilize for the best accuracy
(approximately 15 minutes).
2. Gently tap the logger to remove any bubbles from the
surface. Tug the cable if you cannot reach the logger itself.

Note: Logging battery voltage is not essential because you can
check the battery using the Status screen at launch or readout
of the logger. Logging the battery voltage will reduce the
number of conductivity and temperature readings you can log.

3. Measure the temperature and actual conductivity with the
field meter, making sure the meter probe readings stabilize
per the meter’s specification. Record the values, time, and
location of the readings in a field notebook for use later in
the HOBOware Conductivity Assistant.

Taking Calibration Readings

Method 2:
Taking readings in a jar (recommended for readings in wells or
in water with rapidly changing conductivity, such as areas
with saltwater and freshwater mixing)

It is important to take temperature and conductivity calibration
readings with a portable conductivity meter at both the
beginning (launchtime) and end of a deployment (readout)
because these readings are necessary for data calibration and
to compensate for any measurement drift during deployment.
The conductivity calibration readings should be the actual
conductivity without temperature compensation (not in specific
conductance at 25°C), and should be recorded in a notebook
with the time and location of the reading. You will use these
readings in the HOBOware Conductivity Assistant to calibrate
the readings for the corresponding data series offloaded from
the logger.

1. Take a sample of water in a jar that is large enough to hold
both the logger and the probe from a portable conductivity
meter, leaving an inch of space between the probe and the
logger. For wells, use a bailer to obtain the water sample.
2. Leave the logger and the meter probe submerged in this jar
of water long enough so they reach temperature
equilibrium and the logger has logged at least three
readings (allow at least 15 minutes for the best accuracy).
(Three readings are necessary because this will help you
identify which readings were taken while the logger is in the
jar.)

There are three methods for obtaining accurate calibration
readings. The first method involves placing the meter’s probe
into the water next to the logger. The second method involves
placing the logger and meter probe in a field water sample in a
jar. In both methods, the conductivity meter probe must be
close to the data logger—but not touching—so that it is
measuring water at the same conductivity and salinity as the
logger. The third method involves taking a sample back to the
office to measure with a meter there.

3. Measure the temperature and actual conductivity with the
field meter. Record the values, time, and location of the
reading in a field notebook for use later in the HOBOware
Conductivity Assistant.
4. When using the Conductivity Assistant, look for the spot in
the data where there are three similar readings in a row
and link the last of those readings to the meter reading.
(The time you noted may be slightly different than the
logger time so looking for the three similar readings will
help isolate the correct reading.) The Conductivity Assistant
uses that value to calibrate the specific conductance and
salinity readings for that data series.

If the conductivity and salinity in the water where the logger is
deployed is stable and it is easy to reach the logger, then you
can obtain calibration readings by placing the probe directly
into the water next to the logger. However, taking calibration
readings in areas that have tidal and freshwater mixing is more
challenging due to the rapidly changing salinities. Similarly,
taking calibration readings in wells can also be difficult because
it may be hard to get the meter probe next to the logger. In
these instances, you should fill a jar with a water sample from
where the logger is deployed to take the calibration readings.
To obtain the water sample from a well or stilling well, you can
use a bailer with a diameter that is small enough to fit down
the well.

Method 3:
Taking a sample back to the office in a sealable jar to measure
there (recommended for locations with conductivity that is
stable when you do not have a field meter or it is not
convenient to access the logger)
1. Place a sample of the water taken from next to the logger in
a jar and immediately seal it to ensure that none of the
water evaporates. This allows the specific conductance and
salinity of the sample to be maintained, which in turn
results in usable temperature and conductivity readings
when you measure it with the meter at a later time.

Note: Some salt residue may remain on the logger from factory
calibration. Carefully rinse the logger in distilled water or clean
freshwater to remove any residual salt before taking your first
calibration readings.

2. Write down the time you take the sample for use later in
the HOBOware Conductivity Assistant.

1-800-LOGGERS
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3. At the office, measure the temperature and actual
conductivity of the sample with a meter and write down the
values next to the time you noted in step 2.

3. Deploy the logger in the water (if it hasn’t already been
placed in the water) following the guidelines recommended
above.

Note: If you’ve taken the calibration readings in specific
conductivity, you can convert the readings back to actual
conductivity. Use the temperature readings from the meter or
logger to convert the conductivity reading following the specific
conductivity calculation used by your meter (consult the meter
documentation). If the meter uses a standard linear
compensation, you can use the following formula to convert it.
This equation calculates the electrical conductivity (Ye) from a
measured water temperature (T) and from a measured specific
conductance at 25°C (Cs) using the linear temperature
coefficient entered into the meter.

4. Repeat steps 1 through 3 for each logger deployed. Be sure
to take a new calibration reading for each logger that you
deploy.

Ye = Cs * (1 - ((25-T) * a / 100))
Where: Ye = Calculated Electrical Conductivity
T = water temperature in degrees C measured by the
meter
Cs = Specific Conductance measured by the meter
a = linear temperature coefficient (% / degrees C)
entered into the meter to calculate specific
conductance

Deploying the Logger
The HOBO U24 Conductivity logger is designed to be easy to
deploy in many environments. The small size of the logger is
convenient for use in small wells and allows the logger to be
mounted and/or hidden in the field. Follow these guidelines
when deploying the logger:

Reading Out the Logger and Calibrating Data
with HOBOware
Your readout and maintenance schedule will be determined by
the amount of fouling at the site. To read out the logger in the
field:

• Make sure the logger is located where it will receive a
steady flow of the water that is being monitored.
• When deploying the logger in rivers, streams, and ponds,
insert the logger in a PVC or ABS pipe if possible. The PVC
pipe should have enough holes to ensure good circulation
of water.

1. Calibrate the field conductivity meter before using it to take
field readings.
2. Measure the actual conductivity and temperature values
with the field meter using one of the calibration methods
on page 4.

• To avoid bubbles collecting on the sensor, make sure the
sensor face is vertical and avoid sudden temperature
changes.

3. Remove the logger from the water (if it hasn’t already been
removed for the calibration measurement).

• Do not place any conductive materials or metals within
2.5 cm (1 in.) of the sensor.

4. Read out the data from the logger using a shuttle.

• Avoid deploying the logger in freezing water with moving
ice.

5. Relaunch the logger.
6. Clean the sensor (see Maintenance on page 6 for more
details).

• Use the U2X Protective Housing (HOUSING-U2X) for
added protection to the logger in harsh environments.

7. Redeploy the logger in the stream, and take another
calibration measurement.

To deploy the logger at each site:
1. Launch the logger with a laptop or shuttle.

Use HOBOware to calibrate data and convert to specific
conductance or salinity

2. Take a calibration reading as described on page 4.

1. Offload the most recent data files from the shuttle or
loggers to your computer.
2. Open a data file in HOBOware.

1-800-LOGGERS
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3. Use the HOBOware Conductivity Assistant to calibrate the
readings and adjust for drift caused by fouling. You will
need to enter the field meter conductivity and temperature
readings and times from the beginning and, optionally, the
end of that segment of the logger’s deployment. Refer to
the Help for the Conductivity Assistant for more details.
Save your changes to a project file.
4. Repeat steps 1 through 3 for all data files.

the coupler will result in significantly lower battery life.
For example, continuous logging at a one-second logging
interval will result in a battery life of approximately one
month.
To obtain a three-year battery life, a logging interval of
one minute or greater should be used and the logger
should be operated and stored at temperatures between
0° and 25°C (32° and 77°F).

• Clean the sensor. Mix several drops of dish detergent or
biodegradable soap in a cup of tap water with a clean
cotton swab. Clean the sensor face using the cotton swab
and then rinse the sensor with clean or distilled water.
Do not scratch the sensor face with a sharp tool.

• Battery Voltage. The logger can report and log its battery
voltage. If the battery falls below 3.1 V, the logger will
record a “bad battery” event in the datafile. If the datafile
contains “bad battery” events, or if logged battery
voltage repeatedly falls below 3.3 V, the battery is failing
and the logger should be returned to Onset for battery
replacement. Note that the logger does not have to be
recording the battery channel for it to detect bad battery
events. The logger will record these events regardless of
what channels are logged.

• Check for biofouling. Biofouling and excessive marine
growth on the logger will compromise accuracy.
Organisms that grow on the sensor can interfere with the
sensor’s operation and eventually make the sensor
unusable. If the deployment area is prone to biofouling,
check the logger periodically for marine growth.

• Replacing the Battery. To have your logger’s battery and
sensor replaced, contact Onset or your place of purchase
for return arrangements. Do not attempt to replace the
battery yourself. Severe damage to the logger will result
if the case is opened without special tools, and the
warranty will be voided.

Maintenance
The logger requires the following periodic maintenance to
ensure optimal operation:

• Be careful of solvents. Check a materials compatibility
chart before deploying the logger in locations where
untested solvents are present. Refer to the specifications
for wetted housing materials on page 1.

Battery Guidelines
• Battery Life. The battery life of the logger should be
three years or more. Actual battery life is a function of
the number of deployments, logging interval, and
operation/storage temperature of the logger. Frequent
deployments with logging intervals of less than one
minute, continuous storage/operation at temperatures
above 35°C (95°), and keeping the logger connected to

1-800-LOGGERS (564-4377) • 508-759-9500
www.onsetcomp.com • loggerhelp@onsetcomp.com

WARNING: Do not cut open, incinerate, heat above 100°C
(212°F), or recharge the lithium battery. The battery may
explode if the logger is exposed to extreme heat or conditions
that could damage or destroy the battery case. Do not dispose
of the logger or battery in fire. Do not expose the contents of
the battery to water. Dispose of the battery according to local
regulations for lithium batteries.

© 2010–2012 Onset Computer Corporation. All rights reserved. Onset, HOBO, and HOBOware are
trademarks or registered trademarks of Onset Computer Corporation.
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Quick Start for the HOBO® Micro Station (H21-USB)

1

Install the batteries. Open the logger door and insert four AA batteries observing polarity.

2

Plug in smart sensors and install the rubber cable channel.
Important: Proper installation of the rubber cable channel is required for outdoor and weatherproof deployments and in
harsh indoor environments.
a. Remove the rubber cable channel making note of how it is oriented.

Rubber cable channel

Notch where the key on the bottom of
the cable channel is installed

b. Plug the smart sensors into the connectors. When using multiple smart sensors, it is easiest to start by plugging one into
the leftmost or rightmost connector and then working your way across the connectors in order.
c. Lightly coat each smart sensor cable with a small amount of silicone grease (about the size of a pea). Only the portion of
the cable that will be in the channel needs to be greased. Also lightly coat the bottom and two sides of the cable channel.
d. Place the cables in the cable channel. There is a break in the rubber above each hole to guide the cable into the hole.
Make sure the cable channel is oriented with the breaks pointed up and the key pointed down and closer to the sensor
connectors to ensure proper reinstallation in the next step. Slightly bend the ends of the channel to reveal the breaks and
push the cable into the hole that lines up with the corresponding sensor connector. Repeat for any additional sensors.
e. Reinstall the cable channel making sure the key on the bottom is inserted in the notch in the logger enclosure pointed
out in the diagram above. Once the cable channel is properly seated, the top will be flush with the edge of the logger
enclosure. Adjust the cable slack as necessary so a minimum amount of cable is inside the case as shown below.

When properly installed, the
cable channel will be flush with
the edges of the logger enclosure

f. If you will be using less than five smart sensors, use the rubber plugs to fill any empty holes in the cable channel. Lightly
coat the rubber plugs with a small amount of grease. Insert the thin part of the plug into the hole. While pulling the thin
end of the plug from the inside of the case, push the other end of the plug from the outside until the thick part of the
plug fills the hole.
Insert thin end of plug into any
empty holes in cable channel

20874-B MAN-QSG-H21-USB

3

Set up HOBOware. Even though this logger uses a USB cable to communicate with HOBOware, the software and computer must
be configured for a serial COM port for each H21-USB station (even if your computer does not have a serial port). HOBOware
3.7.10 or later is recommended.
If you need to install or upgrade HOBOware:
a. Connect the logger to the computer with the USB cable. Device hardware drivers will be installed automatically the first
time an H21-USB logger is connected. This may take a few minutes to complete.
Important: The computer must be connected to the Internet while the device hardware drivers are being installed.
Device drivers only need to be installed once per computer. If you need to use another computer with an H21-USB
Micro Station, you will need to repeat this installation. Contact Onset Technical Support at
www.onsetcomp.com/support/contact if you encounter any problems with device hardware driver installation.
b. Download HOBOware at www.onsetcomp.com/hoboware-free-download and install the software.
c. When the HOBOware Setup Assistant appears, select “USB and serial devices” for the device types. A COM port should
be listed. Complete the remaining Setup Assistant steps and click OK.
If HOBOware is already installed:
a. Connect the logger to the computer with the USB cable. Device hardware drivers will be installed automatically the first
time an H21-USB logger is connected. This may take a few minutes to complete.
Important: The computer must be connected to the Internet while the device hardware drivers are being installed.
Device drivers only need to be installed once per computer. If you need to use another computer with an H21-USB
Micro Station, you will need to repeat this installation. Contact Onset Technical Support at
www.onsetcomp.com/support/contact if you encounter any problems with device hardware driver installation.
b. Open HOBOware. From the File menu (Windows) or the HOBOware menu (Macintosh), select Preferences.
c. In HOBOware Preferences, select Communications. Click Device Types and make sure “USB and serial devices” is
selected.
d. Click Serial Ports. A new COM port is listed under Serial Ports, which will be used for the Micro Station. Check the box
next to the new COM port or click Select All (do not use Select All if there are devices other than HOBOs using serial
ports).
e. Click OK in Preferences.
Note: If you are using a version of HOBOware prior to 3.7.10, you may need to enable a COM port in Preferences as described
above each time you connect a different H21-USB to the computer.

4

Launch the logger.
a. From the Device menu in HOBOware, select Launch.
b. Select the logging interval, when to start and stop logging, and any other launch options as desired.
c. Click the Start button to load the settings to the logger. Logging will begin based on the settings you selected. If you
configured the logger with a push button start, press the button on the logger for 3 seconds when you are ready for
logging to begin.

5

Deploy the logger. Refer to the product manual at www.onsetcomp.com/manuals/h21-usb for guidelines for deploying and
mounting the logger.

6

Read out the logger. Connect the logger to the computer with the USB cable to read it out. From the Device menu in HOBOware,
select Readout. After the readout is complete, plot the data.
For detailed specifications and information about this logger, refer to the complete product manual. Scan the code
at left or go to www.onsetcomp.com/manuals/h21-usb.

1-800-LOGGERS (564-4377) • 508-759-9500
www.onsetcomp.com/support/contact

© 2016 Onset Computer Corporation. All rights reserved. Onset, HOBO, and HOBOware are registered trademarks
of Onset Computer Corporation. All other trademarks are the property of their respective companies.
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The S-BPB barometric pressure smart sensor easily plugs into HOBO® stations with smart
sensor inputs. All calibration parameters are stored inside the smart sensor, which
automatically communicates configuration information to the station without any
programming or extensive user setup.
The S-BPB barometric pressure smart sensor has a rugged, outdoor rated, weatherproof
housing. The sensor is mounted outside the logger enclosure, so the logger does not need to be
open to the atmosphere.

Specifications
Measurement Range

660 to 1070 mbar (19.47 to 31.55 in. Hg)

Accuracy

Barometric Pressure
Smart Sensor

±3.0 mbar (0.088 in. Hg) over full pressure range at 25°C (77°F);
maximum error of ±5.0 mbar (0.148 in. Hg) over -40° to 70°C (-40° to
158°F)

Resolution

0.1 mbar (.003 in. Hg)

S-BPB-CM50

Drift

1.0 mbar (0.03 in. Hg) per year

Operating Temperature Range

-40° to 70°C (-40° to 158°F)

Environmental Rating

Weatherproof

Dimensions

6.4 cm (2.5 in) diameter x 5.1 cm (2 in) height

Weight

96 gm (3.4 oz)

Bits per Sample

12

Number of Data Channels*

1

Measurement Averaging Option

Yes

Cable Length Available

50 cm (20 in.)

Length of Smart Sensor
Network Cable*

50 cm (20 in.)

Items Included:
• Two cable ties
• Two self-tapping screws

Accessories:
• Smart sensor extension
cables (S-EXT-M-0xx)
• Weatherproof connection
housing (S-EXT-CASE)
• Cable caddy (M-CDY)

The CE Marking identifies this product as complying with all relevant
directives in the European Union (EU).
* A single HOBO station can accommodate 15 data channels and up to 100 m (328 ft) of smart sensor cable (the digital
communications portion of the sensor cables).

Operation
The barometric pressure smart sensor supports measurement averaging. When measurement
averaging is enabled, data is sampled more frequently than it is logged. The multiple samples
are then averaged together and the average value is stored as the data for the interval.
For example, if the logging interval is set at 10 minutes and the sampling interval is set at 1
minute, each data point in the data file will be the average of 10 measurements. Measurement
averaging is useful for reducing noise in the data. Onset recommends that measurement
averaging be used when the barometric pressure smart sensor is used in a windy location. Note
that fast sampling intervals (less than 1 minute) may significantly reduce battery life.

Maintenance
Use a damp sponge or rag to clean the barometric pressure smart sensor housing if it gets dirty.
Under no circumstances should the unit be immersed in water or any other cleaning solvent.
Do not open the sensor as there are no user-serviceable parts inside.
Important: The sensor will give inaccurate measurements if exposed to light by removing the
cap.
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Mounting the Sensor
Guidelines
• Mount the S-BPB barometric pressure smart sensor
outside the logger, either on a mast or a flat, vertical
surface.
• The sensor must be mounted vertically to prevent water
from collecting under the cap.
• Mount the sensor so that the cable is hanging straight
down and create a drip-loop to prevent moisture from
entering the logger connection.

Flat Surface: To mount the sensor on a flat, vertical surface, use
the #8 x 1 self-tapping screws provided.
CAUTION: Do not screw the sensor to the side of the HOBO
station case. Inserting screws in the side of the HOBO station
case will violate the integrity of the unit. You can use doublesided tape.

Connecting the Sensor to a Station
To connect the sensor to a station, stop the station from
logging and insert the smart sensor’s modular jack into an
available smart sensor port on the station. See the station
manual for details on operating stations with smart sensors.

Verifying Sensor Accuracy
It is recommended that you check the accuracy of the
barometric pressure smart sensor annually. The barometric
pressure smart sensor cannot be re-calibrated. Onset uses
precision components to obtain accurate measurements. If the
smart sensor is not providing accurate data, then it may be
damaged and should be replaced.

Mounting Options
Tripod: To mount the S-BPB on a pole or Onset tripod mast, use
the cable ties provided, as shown in below.

S-BPB Mounted to a Tripod Mast

Onset Cable Caddy: To mount the sensor on the side of the
Onset Cable Caddy (M-CDY), use the 8-32 x 3/8 Phillips pan
head screws provided with the Cable Caddy, as shown below.

S-BPB Mounted to Cable Caddy
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Chapter 1:
An Overview of HOBOware
HOBOware software is used for launching, reading out, and plotting data from HOBO® data loggers. With
HOBOware, you can also check logger status, filter and export data, save changes to graphs in project files, and
scale data with the Linear Scaling and Pulse Scaling data assistants. There are two versions of
HOBOware: HOBOware and HOBOware Pro. HOBOware Pro offers the following additional features:
•

Support for Conductivity, Dissolved Oxygen, and Water Level loggers, which use HOBOware Pro Data
Assistants

•

Support for HOBO U-Shuttle and Waterproof Shuttle

•

HOBOnode Manager and support for wireless HOBO data nodes

•

Launch and readout time-saving options

•

Additional data assistants (Barometric Compensation, Conductivity, Dissolved Oxygen, Grains Per Pound,
Growing Degree Days, and kWh)

•

Importing of text data

•

Bulk Export Tool

•

Pie charts for UX90 series loggers

•

Additional plot preferences (font type, style, and color, and series and value axis rules)

•

Subset statistics tool for graphing a subset of data

•

Series cropping on plots

•

21 CFR Part 11 Compliance

To upgrade from HOBOware to HOBOware Pro, call 1-800-564-4377 and ask for Onset Customer Service. To check
for the latest version of HOBOware, select Check for Software Updates from the Help menu. Note: If you are using
HOBOnode Manager with a HOBO ZW wireless network, you must stop device communication before you can
upgrade HOBOware.
Note: HOBOware supports the following languages: English, Simplified Chinese, Traditional Chinese, French,
German, Japanese, Korean, Portuguese, and Spanish. The HOBOware user interface can display all of these
languages as configured by your computer (see Setting the Language/Format on Your Computer). HOBOware
documentation is available in English only.
Videos for using HOBOware and data loggers are available on YouTube (search for Onset data loggers) or go to
https://www.youtube.com/user/hobodataloggers/videos.

New HOBOware Features
The following features are available in HOBOware 3.7.11:
• Support for Traditional Chinese and Korean languages in the software user interface (Help and user
guides are available in English only).
• A new preference for handling the warning message that may appear when setting up HOBO ZW data
node alarms with email server authentication.

1-800-LOGGERS

5

www.onsetcomp.com

HOBOware User’s Guide

• Several bug fixes.

New Features in Previous Releases
HOBOware 3.7.9:
• The ability to filter series on monthly or weekly intervals. See Filter Series at Launch or Filtering Series
for details.
• A preference for usage tracking, allowing anonymous information to be shared with Onset Computer
Corporation for future HOBOware enhancements.
HOBOware 3.7.6:
• Simplified Chinese language support for the software user interface (Help and user guides are available
in English only).
• The ability to select a time zone offset when importing text files. Previously, the time zone used for
imported text files was the computer's time zone.
HOBOware 3.7.5:
• The ability to view the latest conditions for the RX3000 Remote Monitoring Station via the RX3000
Manager.
• Support for Windows 10.
HOBOware 3.7.3:
• Support for the new HOBO Temperature/RH/CO2 Logger (MX1102), including launch capability, prelaunch filters, alarms, burst logging, statistics logging, and CO2 sensor calibration.
HOBOware 3.7.2:
• Support for Japanese in the software user interface; Help and user guides are available in English only.
• HOBOware now requires Java 7 or higher (Java 1.7.0_17) for both Windows and Macintosh. Download
the latest Java Runtime Environment (JRE) at www.java.com.
• The ability to quickly hide and show a series from the plot by right-clicking the series in the Details
pane or by using the Edit menu or the right-click menu in the plot.
HOBOware 3.7.1:
• Introduction of HOBOware, formerly known as HOBOware Lite. See an Overview of HOBOware for
details on features in HOBOware and HOBOware Pro.
HOBOware 3.7:
• Support for the new HOBO Plug Load logger (UX120-018), including launch capability, pre-launch
filters, statistics logging, and the ability to stop and restart logging during a single deployment.
HOBOware 3.6:
• Support for the new HOBO 4-Channel Analog logger (UX120-006M), including launch capability, prelaunch filters, alarms, burst logging, statistics logging (maximum, minimum, average, and standard
deviation), and the ability to stop and restart logging during a single deployment.
• A new preference for exporting the information in the Details Pane and series data from the Points
Table in the same file.
HOBOware 3.5:

• Support for the new HOBO 4-Channel Thermocouple logger (UX120-014M), including launch
capability, pre-launch filters, alarms, burst logging, statistics logging (maximum, minimum, average,
and standard deviation), and the ability to stop and restart logging during a single deployment.

1-800-LOGGERS

6

www.onsetcomp.com

HOBOware User’s Guide

• The ability to assign labels to sensors for all logger models in the Launch Logger window, a feature
previously only available for station loggers, such as the HOBO U30 and Micro Station.

• Enhancements to the export table data feature, including the ability to set the default order of
measurement types in the Export Settings preferences and to quickly reorder series in the Export
window by dragging them.
HOBOware 3.4.1:

• Device menu options specific to HOBO U30 Stations are now available through a new "Manage U30"
menu choice.
HOBOware 3.4:

• Support for the new HOBO UX100 series data loggers, including launch capability, pre-launch filters,
alarms, burst logging, statistics logging (maximum, minimum, average, and standard deviation), and
the ability to stop and restart logging during a single deployment.

• Pie charts for loggers with state series that you can view, print, and save as .png files for additional
analysis beyond line graphs. This is especially helpful for light and occupancy data from UX90-005x
and -006x loggers.

• A firmware upgrade tool that automatically detects when a new firmware file is available for UX90 and
UX100 series data loggers and walks you through the update process.

• Improvements to the process of exporting data points, including the ability to select individual series
or event types and to sort columns.

• A new preference for setting the logger launch description as the serial number so that you can easily
differentiate files when launching and reading out several loggers of the same type.

• The ability to shows gaps in series when merging datafiles or when plotting a UX100 logger that had
stopped and resumed logging.

• Improved the Network Map feature in HOBOnode Manager. (This requires a ZW Receiver firmware
upgrade.)

• Support for the new Windows 8 operating system. The current list of supported operating systems is
Windows 8, Windows 7 (Pro, Ultimate, and Home Premium), and Windows XP (Pro and Home) on the
PC and OS X Versions 10.6.x, 10.7.x, and 10.8.x on Mac.
Note: The Alarm & Readout Tool is no longer installed with HOBOware as of version 3.4. It is no longer supported
as of version 3.5.
HOBOware 3.3.2:

• Support for the following languages and their associated formats in the software user interface:
Spanish (Spain), Portuguese (Portugal), and German (Germany); Help and user guides are available in
English only.

• Improved field calibration accuracy in the Conductivity Assistant.
HOBOware 3.3.1:

• Support for the new HOBO U26 Dissolved Oxygen logger, including launch and readout capability, a
Lab Calibration tool to calibrate the logger to 100% and/or 0% saturation, and a Dissolved Oxygen
Data Assistant that corrects for measurement drift from fouling and generates salinity-adjusted DO
concentration as well as percent saturation data.

• The ability to update firmware for receivers and data nodes in the HOBO ZW Wireless System, with
the option to update a single device at a time or multiple data nodes in a group.
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• A data encoding preference added to the General preferences that controls whether data in
HOBOware is imported and exported based on UTF-8 or operating system standards.

• French language support for the software user interface (Help and user guides are available in English
only).
HOBOware 3.3:

• Support for the new HOBO UX90 series data loggers, including launch capability, advanced sensor
configuration, and pre-launch filters. The models supported with this release are the
State/Pulse/Event/Runtime logger (UX90-001x), Light On/Off logger (UX90-002x), Motor On/Off
logger (UX90-004x), and Occupancy/Light logger (UX90-005x/-006x).
HOBOware 3.2.2:

• Enhanced display preferences for sorting data series in the Status and Plot Setup windows.
• A utility for upgrading the HOBOnode Manager database to improve performance.
• Performance improvements for the HOBO data nodes data delivery feature.
• A change to the FTP option for the HOBO data nodes data delivery feature so that it uses passive
mode, which allows for better connections through firewalls.

• An update to the Conductivity Assistant, which includes refinements in the calculation of temperature
compensation and a new option for non-linear, sea water compensation based on PSS-78.

• A revision to the calculation for T-CDI-5200-10S and T-CDI-5400-20S sensors when used with U-Series
loggers ensuring data is displaying properly.

• Support for Java 7®.
HOBOware 3.2.1:

• The integration of the Alarm & Readout Tool, which is now automatically installed and available for
use from the Tools menu. Note: This tool is no longer supported as of HOBOware 3.5.

• The ability for all non-administrator users to run HOBOware on Windows (administrator privileges are
required to install HOBOware, map and unmap file assocations, and load new Data Assistants).

• Compatibility with iMac® and MacBook® Pro and Intel® Core™ i5 and i7 processors.
• A revision to the calculation for the S-SMD Soil Moisture Sensor ensuring data is displaying accurately.
• The option to create new files or overwrite existing ones via FTP when using the data delivery feature
for HOBO Data Nodes. This allows you to automatically import wireless node CSV data into other
applications, such as Microsoft® Excel®.
HOBOware 3.2:

• A redesigned launch window for quick logger configuration and easy sensor setup.
• Faster processing times for opening large data files (512KB and up).
• The ability to configure filtered series when launching the logger, which automatically generates
custom series, such as average temperature per day, when you read out the logger and plot data.

• The ability to configure Pulse Scaling, Linear Scaling, and kWh Data Assistant series when launching
any logger with applicable external sensors

• Support for the new HOBO 4-Channel Pulse Input Data Logger (UX120-017x), including advanced
sensor configuration for setting maximum pulse frequency and lockout times as needed in raw pulse
and event channels.
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• Support for the new E50B2 Power & Energy Meter (T-VER-E50B2), including single-step configuration
with the HOBO 4-Channel Pulse Input Data Logger (UX120-017x) and automatic calculation of
numerous additional data series for analysis.

• Support for the new HOBO Conductivity Logger (U24-002).
• The option to disable logging the battery channel by default on some loggers, which can extend
battery life and memory space.
Note: Loggers launched in HOBOware 3.2 or later with series created by the Pulse Scaling, Linear Scaling, and kWh
Data Assistants or with filtered series cannot be read out in earlier versions of HOBOware.

A Tour of the HOBOware Interface
This is the main HOBOware window. Use the menu bar or tool bar to access all the features within HOBOware. The
status bar at the bottom of the window shows the current view in place (as selected by the Window menu) as well
as the device currently selected or connected, if any.

This example shows a file that has been opened and plotted. There are three components to a plotted datafile: the
Points Table, the Details Pane, and the Plot.

The Points Table
The Points Table is a list of data points, or values, and logged events displayed in the plot. The Points Table is linked
to the graph: only the data for the series and events on the plot are listed in the Points Table.
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The data points are listed chronologically. Each point or event is listed in a single row and each series or event type
is displayed in a column. You can resize the columns by clicking and dragging the dividers between the column
headers.
Use the arrow keys or scroll bars to move up, down, left, and right in the Points Table. Additionally, as you click the
crosshair tool in the plot, the corresponding point is selected in the Points Table. Similarly, if you click a value or
event cell in the Points Table, the crosshair will appear on the graph at the time corresponding to that cell.
To resize the pane, drag the divider between the Points Table and the plot. To hide the Points Table, select Points
Table from the View menu.
If you do not want the Points table to be displayed by default when you plot data, open the Preferences, select
Plotting, and then Layout. Disable the "Show the points table when plotting data" checkbox.

The Details Pane
The Details Pane shows information for each series and event displayed in the plot including:

•

Information about the devices, such as model and serial numbers.

•

Deployment information, such as the launch description, deployment number, start time and time
zone, logging interval, and battery voltage at launch.

•

Series statistics, such as the total number of sensor samples and events, time of the first and last
sample, and the maximum, minimum, average, and standard deviation for each sensor series in the
plot.

•

Audit trail information for secure files.

Click the + or - button to expand or collapse an entry in the Details Pane. Click the Expand All/Collapse All buttons
to expand or collapse the entire details tree.
Click a series node in the details tree to select the corresponding series on the graph and corresponding column in
the Points Table.
Right-click a series to hide it on the plot and in the Points table. The hidden series will be grayed out in the Details
Pane. Right-click a grayed out series to show that series or select Show All Hidden Series to show all series that
were previously hidden.
To resize the pane, drag the divider between the Details pane and the graph. To hide the Details Pane, select
Details Pane from the View menu.
If you do not want the Points table to be displayed by default when you plot data, open the Preferences, select
Plotting, and then Layout. Disable the "Show the details table when plotting data" checkbox.

The Plot
The plot displays the data series and events in a graph. The plot has a time axis (x-axis) and a value axis (y-axis) for
each series selected in the Plot Setup window. The title, displayed at the top of the plot by default, is the
Description in the Plot Setup window. The legend, displayed to the right of the plot by default, lists the keys for
1-800-LOGGERS
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each series (line colors and marker types). If the crosshair tool is in use, it also lists the date, time and point values
currently selected by the crosshair. For secure files (.hsec and .dsec), a padlock icon
appears in the legend next
to the names of the series that were verified as original data.

To show or hide the title or legend, use the View menu. Double-click a plot element (series, axis, title, or
legend) to change its properties or right-click the plot and select the item from the menu.
For more details on working with plot, see Reading Out, Plotting, and Analyzing Data.

Working in Secure Mode: 21 CFR Part 11 Compliance
You can create secure files in HOBOware Pro to comply with 21 CFR Part 11, or simply to add a level of security
when working with datafiles. When Secure Mode is enabled, HOBOware Pro begins an audit trail in the logger
when you launch it and adds an encoded digital signature to the new datafile when you read it out. A digitally
signed file, or "secure file," has a filename extension of .hsec (for most U-Series loggers) or .dsec (for station-type
loggers).
Notes:

• Issues may arise if you do not always use HOBOware Pro in the Secure Mode, if you sometimes use
HOBOware, or if you sometimes use a version of HOBOware prior to 2.3.0. The resulting file issues are
described later in this section.

• This feature is not available for use with HOBOnode Manager and its associated ZW series data node
files.

• Project (.hproj) and export files are not secure, even if you create them from secure files.
To enable secure mode:
1. From the File menu in Windows or the HOBOware menu in Mac, select Preferences
2. Select General and then select Data Verification.
3. Select the Enable Secure Mode checkbox.
4. Click OK. When Secure mode is enabled, a padlock icon
main HOBOware Pro window
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Opening a Secure File and Data Verification
Secure files can be opened with HOBOware Pro 2.3.0 or greater. You can open .hsec files only with HOBOware
2.3.0 or greater.
Every time you open a secure file – even when you are not in Secure mode – HOBOware verifies the encoded
digital signature to detect whether the file has been corrupted or tampered with. When a file is verified as secure,
the padlock icon
appears in the legend next to the series that were verified as original data.

• Filtered series set up prior to launching or created after readout are not verified.
• Series that were created as a result of user input after readout, such as running a data assistant or
entering a constant temperature value for pressure or humidity, are not verified.

• Series retain their verification status (and padlock icon) when copied and pasted into other plots.
In the Details pane, audit trail information is displayed under the Data Verification node for each series. HOBOware
Pro automatically obtains the Launch User and Readout User names from your computer's operating system. To
save the Launch User name, you must have Secure Mode enabled when you launch the logger.
If the digital signature cannot be verified when you open a file and even a single bit of data has changed since
readout, a warning message will appear that verification has failed. This means that the file has been altered or
become corrupted since it was originally saved. You may still be able to plot the data from the file, but the padlock
icon will not display in the legend or there will be no signing information in the Details pane. You will still be able to
perform typical HOBOware functions on the file.

File Compatibility
Depending on the type of logger, the version of HOBOware that launched the logger, and the version of
HOBOware that reads out the logger, the resulting datafile may not be compatible with versions of HOBOware
prior to 2.3.0 or you may not be able to read out the logger at all. The following files are created when launching
and reading out in these scenarios:

• Launching and reading out in non-secure mode with any version of HOBOware. A backwardcompatible datafile (.hobo or .dtf) is created.

• Launching in non-secure mode with any version of HOBOware and reading out in secure
mode. A secure file (.hsec or .dsec) is created with an audit trail that lists the readout user, but not
the launch user. Secure files are not backward-compatible.

• Launching in secure mode and reading out in a pre-2.3 version of HOBOware. Most U-Series
loggers cannot be read out. A backward-compatible datafile (.dtf) is created for station loggers.

• Launching in secure mode and reading out in non-secure HOBOware 2.3. A datafile (.hobo) is
created for U-Series loggers, but it is not backward-compatible. A backward-compatible datafile
(.dtf) is created for station loggers.

• Launching and reading out in secure mode. A secure file (.hsec or .dsec) is created with a full
audit trail. Secure files are not backward-compatible.
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Chapter 2
Working with HOBO Data Loggers
Working with HOBO data loggers involves the following basic steps:
1. Connect the logger to the computer for the initial setup and launch.
2. Launch the logger. Enter or select the appropriate parameters for the logger deployment and then
launch, or start, the logger.
3. Check the status of the logger. You have the option of checking the current status of the logger and
any current readings while it is still connected to the computer. This can be helpful to verify that the
launch configuration is as expected.
4. Read out the logger. After deploying the logger, read out all recorded data and save it to a file. Many
devices also work with shuttles that allow you to keep the logger in the field, but still read out any
recorded data. You can then bring the shuttle back to the office, connect it to the computer, offload
and save the files.
5. Plot the data. After reading out the logger and saving the data, you can select and define the data
series you wish to plot in a graph. Data Assistants may be available for automatic scaling of certain
data when plotting.
6. Analyze the data and customize the plot. There are numerous tools available for working with the data
and changing the plot, such as exporting, filtering, merging files, cropping, and more.
7. Save changes to the plot as a project file. Changes to the axis, series, plot, and legend properties as
well as any filtering or merging can be saved as an .hproj file.

Connecting Devices
Most HOBO data loggers and shuttles connect to the computer with a USB cable. The HOBO Weather Station,
HOBO Micro Station, and HOBO Energy Logger connect to the computer with a serial cable (or to a USB port with a
Keyspan™ serial adapter).
Some loggers require an optic USB base station/coupler to connect to the computer. Consult the manual that
came with your device for specific information about required base stations/couplers or cables.
Once a device is properly connected to the computer as described below, the device name is listed in the status
bar at the bottom of the main HOBOware window.
Notes:

• For instructions on connecting HOBOware compatible shuttles or using the HOBO Waterproof shuttle
as a base station, refer to the shuttle's user guide.

• For details on working with HOBO ZW Wireless Data Nodes, see HOBOnode Manager.
• Windows only: If the device has never been connected to this computer before, it may take some time
for the computer to detect the new hardware and report that it has connected successfully. One or
more messages will appear, indicating that new hardware has been found. You may also hear a chime.

• Windows only: Your computer may tell you to reboot before you can use the device. It is not
necessary to reboot.
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Connecting a USB logger or Shuttle
To connect a logger or shuttle to HOBOware using a USB cable:
1. Open HOBOware.
2. Plug the large end of the USB interface cable into a USB port on the computer.
3. Plug the small end of the USB interface cable into the port on the device.
For instructions on connecting shuttles or using the HOBO Waterproof Shuttle as a base station, refer to the
shuttle’s user guide.

Connecting a Serial Device
To connect a device to a computer using a serial cable:
1. Open HOBOware.
2. Plug the 9-pin end of the serial interface cable into a serial port on the computer or Keyspan adapter.
3. Plug the other end of the serial interface cable into the communications port on the device. (Refer to
the diagram and instructions that came with the device if you need help finding the port.)
on the toolbar to ensure that the device is listed in the Select Device
4. Click the Select Device icon
window. Click the button next to the device in the window, then click OK.
If you are using a serial port other than COM1 (PC) or Default (Macintosh), you will need to set up HOBOware to
use another port. To change the serial port:
1. From the File menu in Windows or the HOBOware menu in Macintosh, select Preferences.
2. Select Communications.
3. Select the serial port you want to use. Note that checking multiple serial ports can take some time,
even when no devices are attached.
4. Click OK.

Connecting a Base Station/Coupler
To connect a logger to a base station/coupler:
1. Open HOBOware.
2. Plug the base station/coupler cable into a USB port on the computer. Important: Make sure the
base/station coupler is the correct model for the logger you want to use. Consult the manual that
came with the logger if you are not sure.
3. Attach the logger to the base station/coupler as described in the documentation that came with your
logger.

Disconnecting a Device
To disconnect the device, simply unplug the USB or serial cable or unplug the device from the base
station/coupler.
To attach another logger via a base station/coupler, remove the logger, leaving the base station/coupler
connected and then connect the next logger.
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Connecting Multiple Devices
If your computer has multiple USB and serial ports, you can connect multiple devices and work with one at a time.
When multiple devices are connected, the Select Device window opens every time you select Launch, Readout,
Stop, or Status from the Device menu. Click the button next to a device on the list to select it, then click OK. The
selected action will then proceed. The status bar lists the number of devices connected.
To access the Select Device window at any time, click the Select Device
Device from the Device menu.

icon on the toolbar, or choose Select

Click the Blink Device Light button in the Select Device window to verify that you have selected the appropriate
device. This briefly illuminates the light on the devices that you have selected. If the device does not have a light,
or if the light is not visible when the devices is in the base station/coupler, simply check the serial number (S/N) on
your devices to make sure that it matches the one that is selected in this window.
Notes:

• If serial devices are selected in Preferences, it may take some time for HOBOware to scan all the serial
ports. You can select the device you want as soon as it is displayed. You do not have to wait for all of
the ports to be scanned.

• Serial devices that you have added or removed are not reflected in the device count until you click the
Select Device icon on the toolbar to update the device list.

• If you work with multiple U-Series devices frequently and are using HOBOware Pro, you can set the
Default Action in the Device menu to Launch and enable Launch Time-Saving Options to work more
efficiently.

Launching Devices
To set up a logger to record data, you must specify several parameters and launch, or start, the logger.
Tip: Check that the time on the computer is correct before configuring a launch. If it is not correct, close
HOBOware, update your computer's clock manually or synchronize it with an online time server (if available) and
then reopen HOBOware.
To launch a logger:
1. Connect the logger to the computer.
2. Click the Launch

icon on the toolbar, or select Launch from the Device menu.

3. Different messages may appear depending on the state of the logger. Answer each of the prompts
accordingly. A warning appears if the logger has already been launched. Click Yes to continue or click
No to cancel.
4. Select the options for the launch in the Launch Logger window.
5. Click the Start button when you are finished choosing the launch settings. Note that the text on the
Start button varies depending on when you chose logging to begin. HOBOware displays the progress
of the launch and warns you not to unplug the logger while it is being configured.
Once the logger begins logging, it will continue logging until the memory is full (if the logger is configured to stop
logging when the memory fills), it is stopped, or the battery runs out. Note: Any data stored in the logger from a
previous launch will be erased once the logger is relaunched.
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Launch Logger Window
Use the Launch Logger window to set up your logger to record data. The Launch Logger window is divided into the
following three panes:

•

Logger Information. The model of the logger currently selected appears at the top of this pane,
which also includes the serial number, deployment number, and current battery level.
Use the Name field to type up to a 40-character name for the logger deployment. The name you enter
here will be used as the default file name when you read out the logger and save the data. It will also
be the default title on the plot. For new loggers, the name defaults to the logger serial number.
Click the Status button in this pane to see the current status of the logger and the settings used on the
previous launch.
A User Notes button may also appear for some loggers. Click it to enter more extensive notes about
the deployment.

• Sensors. This pane displays a list of the sensors available for the logger. Choose the sensors, or
channels, that you wish to log in this deployment, select any external sensors you may be using, and
type labels for sensors as desired. Note that labels may not be applied to some calculated or derived
channels, such as filtered series. This pane also displays any utilities available for your logger, such as
Alarms, Scaling, and Filters. For the HOBO Plug Load logger (UX120-018) logger, you also have the
option of configuring statistics for each channel in this pane.

•

Deployment. Use this pane to select the logging interval (the rate at which you want the logger to
record data) and to choose when the logger should begin recording data. Loggers can be configured to
start logging immediately or on a specific date/time. Some loggers also can be configured to start at an
interval or start with push button/coupler start. The coupler start (also known as a triggered start)
involves removing the logger from its coupler or base station and then taking it to the deployment
location. When you are ready for logging to begin, insert the logger in the coupler without the base
station for three seconds. Refer to the logger manual for details.

This pane also displays the logging duration, which is the approximate time it will take to fill the logger memory
based on the logging interval, sensors, and other settings currently selected. For some loggers, you can also set a
sampling interval, choose when to stop logging, and select other options in this pane.
When you are done choosing the launch settings, click the button in the lower right-hand corner of the window to
send the settings to the logger. Note that the button text changes based on when you chose to start logging.
HOBOware Pro Tip: If you will be using the same launch settings for multiple deployments of the same logger type,
select the Skip Launch Window Next Time checkbox to bypass this window the next time you launch a device. This
will cause the next logger to be launched with either the previous launch settings or the current logger settings as
set in Launch Time-Saving Options subcategory of the General preferences.
The options available in the Logger Launch window vary depending on the type of logger you are using. For more
details about launching your particular device, refer to the following topics:

• Launch Options for HOBO UX90 Series Loggers
• Launch Options for the HOBO UX100 Series Loggers and the HOBO 4-Channel Thermocouple Logger
(UX120-014M)

• Launch Option for the HOBO 4-Channel Analog Logger (UX120-006M)
• Launch Options for the HOBO 4-Channel Pulse Input Logger (UX120-017x)
• Launch Options for the HOBO Plug Load Logger (UX120-018)
• Launch Options for the HOBO MX CO2 Logger (MX1102)
• Launch Options for Other U-Series Loggers
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• Launch Options for the HOBO U30 and Other Station Loggers

Launch Options for HOBO UX90 Series Loggers
The following launch options are available for HOBO UX90 series data loggers. Note that the Launch Logger
window may vary from the example shown below.

Logger Information
• Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of the
plot.

• Serial Number. This is the serial number for the logger. Note that some external sensors or devices
also have serial numbers, which are not listed here.

• Deployment Number. This is the number of times (including this time) the logger has been
launched. Each time you start a new launch, the deployment number increases by one.

• Battery Level. This shows the current battery level in the logger.
• Status. Click the Status button to check the logger settings from the previous launch.
Sensors
The Sensors List displays all internal and external sensors available for recording data. Choose the sensors, or
channels, that you wish to log in this deployment. To configure a sensor:
1. Select the sensor(s) you wish to log.
2. Choose the measurement to log (e.g. State, Runtime, etc.) from the drop-down list.
3.

Type a label for the sensor, if desired.

4. Complete additional details for the sensor. This will vary depending on what the logger will be
measuring. For most sensors, type a name and select a description pair from the drop-down list. For
external Pulse channels, click the button for the corresponding channel in the sensor list to select the
sensor type as shown below. If you select Raw Pulse for the sensor type, you can use Data Assistants
to set up kWh (HOBOware Pro only) and pulse scaling information as necessary, which will also display
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on the logger LCD screen. Note that sensors that support Data Assistants at launch time display the
kWh and/or scaling icon next to their name.

5. Repeat steps 1 through 4 if your logger supports multiple sensors.
6. Set the units that display on the logger's LCD screen. When the sensor is configured to log State or
Runtime, choose either:

• "Time" to show the total amount of time the switch has been closed or on since logging began,
ranging from seconds to days; or

• "%" to show the percentage of time the switch has been closed or on since logging began.
When the sensor is configured to log Pulse or Event, the LCD will display the units in three characters. Accept
either the default units or type your own three-character units.
Notes on configuring sensors:

• Click the Filters button to create additional filtered series for any of the channels you configured. The
filtered series will then be automatically calculated when you read out the logger and plot the data.

• Click the Advanced button to access the following settings specific to the logger: Pulse Frequency and
Lockout Time, Occupancy, and Calibration.

• When setting up a pulse sensor, consider setting up the launch for a delayed or push button start and
then connect the sensors/devices later before logging begins. Important: Sensors that are connected
after logging begins may not log accurate data.

• The Occupancy/Light logger (UX90-005x/-006x) also automatically generates additional series upon
reading out the logger to give you combined statistics, such as how long the lights were left on while
the room was unoccupied. These series will be available in the Plot Setup dialog when opening the
datafile.

• You have the option to record the logger's battery voltage at each sample time; this is the last channel
in the sensors list. Like the other data channels, logging the internal battery channel consumes some
of the logger's memory. Unless you suspect abnormal battery performance, you do not need to log
the battery voltage. You can also hide the battery channel with Series preferences (in Preferences,
select Display, then Series).

• Note that labels do not apply to calculated or derived channels, such as filtered series.
Deployment
• Logging Interval. Select how often the logger will record data (only available for sensors configured
to log Pulse or Runtime). You can choose either one of the preset logging intervals or specify a custom
logging interval. The minimum logging interval is one second and the maximum for most loggers is 18
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hours, 12 minutes, and 15 seconds. The shorter the logging interval, the more quickly memory fills
and battery power is consumed. See also Multiple Logging Intervals and Fast Logging Intervals.

• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
frequent state and event logging will affect your deployment. This estimate is only available when the
sensors are configured to log Pulse or Runtime. For estimates with State and Event logging, refer to
the logger documentation, also available at http://www.onsetcomp.com/support/manuals.

• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). You can choose to launch this logger:

 Now. Logging begins as soon as you click the Start button in the Launch Logger window.
 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose. This option is only available when the sensors are configured to log Pulse or Runtime.

 Push Button. Logging will not start until you press the Start/Stop button on the logger and hold it
down for at least three seconds. The LCD screen on the logger will display "Start" until you press
the button.

 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The LCD screen will count down to that start date/time and then logging will
begin.

• Stop logging. Select when you want the logger to stop logging. You can choose:
 When memory fills or Never (wrap when full). If you select "When memory fills," then the logger
will stop recording data once the memory is full. If you select "Never (wrap when full)," the logger
will record data continuously until either the logger battery runs out or you stop it. Once the
logger is full, the newest data will overwrite the oldest data. When wrapping, the memory
segment on the logger LCD screen will blink.

 Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger itself for 3 seconds. The LCD screen on the logger will display
"Stop" when this option has been selected.

 Specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time.

• Options. Select "Turn LCD off" if you want the logger to operate in "stealth mode" with the LCD
screen turned off. You can override this temporarily by pressing the Start/Stop button on the logger.
The LCD will then remain illuminated for 10 minutes.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in Launch Time-Saving Options subcategory of the General
preferences.
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Launch Options for HOBO UX100 Series Loggers and the HOBO
4-Channel Thermocouple Logger (UX120-014M)
The following launch options are available for HOBO UX100 series data loggers and the HOBO 4-Channel
Thermocouple Logger (UX120-014M). Note that the Launch Logger window may vary from the example shown
below.

Logger Information
• Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of the
plot.

• Serial Number. This is the serial number for the logger. Note that some external sensors or devices
also have serial numbers, which are not listed here.

• Deployment Number. This is the number of times (including this time) the logger has been
launched. Each time you start a new launch, the deployment number increases by one.

• Battery Level. This shows the current battery level in the logger.
• Status. Click the Status button to check the logger settings from the previous launch.
Sensors
The Sensors List displays all sensors available for recording data. Choose the sensors, or channels, that you wish to
log in this deployment. If connecting a thermocouple, select the appropriate type from the drop-down list. Type a
label for the sensor, if desired.
Notes:

• Click the Alarms button to set an alarm for this logger. Note that the Logging Mode must be set to
Normal or Statistics to configure an alarm. For thermocouple loggers (UX100-014M and UX120-014M
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models), alarms can only be configured on thermocouple channels; they are not available on the
internal 10K thermistor (temperature) channel.

• Click the Filters button to create additional filtered series for any of the channels you configured. The
filtered series will then be automatically calculated when you read out the logger and plot the data.

• You have the option to record the logger's battery voltage at each sample time; this is the last channel
in the sensors list. Like the other data channels, logging the internal battery channel consumes some
of the logger's memory. Unless you suspect abnormal battery performance, you do not need to log
the battery voltage. You can also hide the battery channel with Series preferences (in Preferences,
select Display, then Series).

• Note that labels do not apply to all calculated or derived channels, such as filtered series channels.
Deployment
• Logging Interval. Select how often the logger will record data. You can choose either one of the
preset logging intervals or specify a custom logging interval. The minimum logging interval is one
second and the maximum for most loggers is 18 hours, 12 minutes, and 15 seconds. The shorter the
logging interval, the more quickly memory fills and battery power is consumed.

• Logging Mode. Select the type of logging mode you wish to use: Fixed Interval, Burst Logging, or
Statistics. With Burst Logging mode, you can configure the logger to use a different logging interval
when specific conditions are met. With Statistics mode, you can configure the logger to calculate
maximum, minimum, average, and standard deviation for all enabled sensors (except battery voltage)
during logging at a sampling interval you specify. Keep in mind that the more statistics you record, the
shorter the logger duration and the more memory is required. Once you launch the logger, the
selected statistics will be displayed on the logger LCD. After you set up Burst or Statistics logging,
there will be an Edit button next to Logging Mode in the Launch Logger window to make additional
changes as necessary. Note that Fixed Interval or Statistics mode is required if you want to set up
alarms for the logger. On thermocouple loggers, burst logging and statistics are only available on
thermocouple channels and not on the internal temperature channel.

• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval, logging mode, and sensors currently selected. This is a theoretical estimate only;
battery life and other factors will also affect the deployment.

• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). You can choose to launch this logger:

 Now. Logging begins as soon as you click the Start button in the Launch Logger window.
 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.

 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The LCD screen will count down to that start date/time and then logging will
begin.

 Push Button. Logging will not start until you press the Start/Stop button on the logger and hold it
down for at least three seconds. The LCD screen on the logger will display "Start" until you press
the button.

• Stop Logging. Select when you want the logger to stop logging. You can choose:
 When memory fills or Never (wrap when full). If you select "When memory fills," then the logger
will stop recording data once the memory is full. If you select "Never (wrap when full)," the logger
will record data continuously until either the logger battery runs out or you stop it. Once the
logger is full, the newest data will overwrite the oldest data. When "Never (wrap when full)" is
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selected, a wrap indicator icon will display on the logger LCD screen. Note: You cannot select
"Never (wrap when full)" on UX100 series loggers if Burst is selected for the Logging Mode.

 Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger for three seconds. The LCD screen on the logger will display
"Stop" when this option has been selected.

 Allow button restart. This setting is available when "Push button" is selected as a "Stop Logging"
option. If you select this option, you can resume logging on the next even logging interval on a
stopped logger by pressing the Start/Stop button for three seconds. For example, press the
Start/Stop logging button on the logger once to stop logging. Then, a few minutes, hours, or even
days later when you are ready to continue logging, press the Start/Stop button on the logger again
and logging will resume at the next even logging interval (i.e. if the logging interval is set at 1 hour
and you press the button at 10:15 AM, logging will not resume until 11:00 AM, which is the next
even interval based on the 1-hour logging interval). You can then continue to start and stop
logging as often as you'd like during this same deployment. Any gaps between when you stopped
and restarted logging during this deployment will be reflected on the plotted data when you read
out the logger. Once you relaunch the logger, a new deployment and datafile will begin. The data
from the previous deployment will not be carried over to the new one.

 Specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time. Note: If you select a specific stop date and also
have the logger configured to resume logging on the next button push, then the logger will stop
logging at the date you select regardless of how many times you stop and restart the logger with
the Start/Stop button.

• Options. Select "Turn LCD off" if you want the logger to operate in "stealth mode" with the LCD
screen turned off. You can override this temporarily by pressing the Start/Stop button on the logger.
The LCD will then remain illuminated for 10 minutes.

Skip launch window next time (HOBOware Pro)
Check this box to bypass the Launch Window the next time you choose Launch from the Device menu or click the
Launch icon. This will cause the next logger to be launched with either the previous launch settings or the current
logger settings as set in the Launch Time-Saving Options subcategory of the General preferences.
Important: After you choose the launch settings in this window and click Start, the settings are then loaded into
the logger. The LCD screen on the logger will display "LOAD" during this process. If you disconnect the logger from
the USB cable before this process is finished, "Err" will appear on the LCD screen instead. If you see "Err" at any
point during launch configuration, check the USB connection between the computer and the logger, reopen the
Launch Logger window and click Start again.
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Launch Options for the HOBO 4-Channel Analog Logger (UX120-006M)
The following launch options are available for the HOBO 4-Channel Analog logger (UX120-006M). Note that the
Launch Logger window may vary from the example shown below.

Logger Information
• Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of the
plot.
• Serial Number. This is the serial number for the logger. Note that some external sensors or devices
also have serial numbers, which are not listed here.
• Deployment Number. This is the number of times (including this time) the logger has been launched.
Each time you start a new launch, the deployment number increases by one.
• Battery Level. This shows the current battery level in the logger.
• Status. Click the Status button to check the logger settings from the previous launch.

Sensors
The Sensors list displays all internal sensors and external channels available for recording data. Choose the sensors,
or channels, that you wish to log in this deployment. To configure a sensor:
1. Select the checkbox next to the channel number to enable the sensor.
2. Select the type of sensor or cable that will be connected to that channel on the logger as shown in the
following example.
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3. Type a label for the sensor, if desired.
4. Type a 3-character description for the units that the LCD will display for that sensor or use the default
units.
5. Set up scaling for the sensor, if applicable. Click the Scaling button and enter the scaled values and
units as recommended in the sensor documentation.
6. Repeat steps 1 through 5 for each sensor you wish to configure.
Notes on configuring sensors:
• Although it is helpful to see the connected sensors/devices when setting up the launch, it is not
required that you physically connect them while selecting sensor type options. You may set up the
launch for a delayed or push button start, then connect the sensors/devices later, before logging
begins. Be sure to connect each sensor into the correct numbered jack based on you configured the
corresponding channel. Important: Sensors that are connected after logging begins may not log
accurate data.
• Click the Filters button to create additional filtered series for any of the channels you configured. The
filtered series will then be automatically calculated when you read out the logger and plot the data.
• You have the option to record the logger's battery voltage at each sample time; this is the last channel
in the sensors list. Like the other data channels, logging the internal battery channel consumes some
of the logger's memory. Unless you suspect abnormal battery performance, you do not need to log the
battery voltage. You can also disable the battery channel with Series preferences (in Preferences,
select Display, then Series).Note that labels do not apply to calculated or derived channels, such as
filtered series.
• Although it is possible to set up more than one scaling value for each sensor, only the first scaling value
for that sensor will be used.

Deployment
• Logging Interval. Select how often the logger will record data. You can choose either one of the preset
logging intervals or specify a custom logging interval. The minimum logging interval is one second and
the maximum for most loggers is 18 hours, 12 minutes, and 15 seconds. The shorter the logging
interval, the more quickly memory fills and battery power is consumed. If you did not select any
channels to log, this field will be disabled.
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• Logging Mode. Select the type of logging mode you wish to use: Fixed Interval, Burst Logging, or
Statistics. With Burst Logging mode, you can configure the logger to use a different logging interval
when specific conditions are met. With Statistics mode, you can configure the logger to calculate
maximum, minimum, average, and standard deviation for all enabled sensors (except battery voltage)
during logging at a sampling interval you specify. Keep in mind that the more statistics you record, the
shorter the logger duration and the more memory is required. Once you launch the logger, the
selected statistics will be displayed on the logger LCD. After you set up Burst or Statistics logging, there
will be an Edit button next to Logging Mode in the Launch Logger window to make additional changes
as necessary. Note that Fixed Interval or Statistics mode is required if you want to set up alarms for the
logger.
• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
other factors will affect your deployment.
• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of the
General preferences). You can choose to launch this logger:
 Now. Logging begins as soon as you click the Start button.
 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.
 Push Button. Logging will not start until you press the button on the logger and hold it down for at
least three seconds. The Waiting LED will blink on the logger until you press the Start/Stop button.
 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The LCD screen will count down to that start date/time and then logging will
begin.
• Stop logging. Select when you want the logger to stop logging. You can choose:
 When memory fills or Never (wrap when full). If you select "When memory fills," then the logger
will stop recording data once the memory is full. If you select "Never (wrap when full)," the logger
will record data continuously until either the logger battery runs out or you stop it. Once the logger
is full, the newest data will overwrite the oldest data.
 Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger itself for 3 seconds. If you also configured a Push Button start, then
you must wait 5 minutes after logging begins before you can use the button to stop logging.
 Allow button restart. This setting is available when "Push button" is selected as a "Stop Logging"
option. If you select this option, you can resume logging on the next even logging interval on a
stopped logger by pressing the Start/Stop button for three seconds. For example, press the
Start/Stop logging button on the logger once to stop logging. Then, a few minutes, hours, or even
days later when you are ready to continue logging, press the Start/Stop button on the logger again
and logging will resume at the next even logging interval (i.e. if the logging interval is set at 1 hour
and you press the button at 10:15 AM, logging will not resume until 11:00 AM, which is the next
even interval based on the 1-hour logging interval). You can then continue to start and stop logging
as often as you'd like during this same deployment. Any gaps between when you stopped and
restarted logging during this deployment will be reflected on the plotted data when you read out
the logger. Once you relaunch the logger, a new deployment and datafile will begin. The data from
the previous deployment will not be carried over to the new one.
 Specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time.
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• Options. Select "Turn LCD off" if you want the logger to operate in "stealth mode" with the LCD screen
turned off. You can override this temporarily by pressing the Start/Stop button on the logger. The
LCD will then remain illuminated for 10 minutes.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in the Launch Time-Saving Options subcategory of the General
preferences.
Important: After you choose the launch settings in this window and click Start, the settings are then loaded into
the logger. The LCD screen on the logger will display "LOAD" during this process. If you disconnect the logger from
the USB cable before this process is finished, "Err" will appear on the LCD screen instead. If you see "Err" at any
point during launch configuration, check the USB connection between the computer and the logger, reopen the
Launch Logger window and click Start again.

Launch Options for the HOBO 4-Channel Pulse Input Logger
(UX120-017x)
The following launch options are available for the HOBO 4-Channel Pulse Input Data Logger (UX120-017x). Note
that the Launch Logger window may vary from the example shown below.

Logger Information
• Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of the
plot.

• Serial Number. This is the serial number for the logger. Note that some external sensors or devices
also have serial numbers, which are not listed here.

• Deployment Number. This is the number of times (including this time) the logger has been
launched. Each time you start a new launch, the deployment number increases by one.
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• Battery Level. This shows the current battery level in the logger.
• Status. Click the Status button to check the logger settings from the previous launch.
Sensors
The Sensors List displays all internal sensors and external channels available for recording data. Choose the
sensors, or channels, that you wish to log in this deployment. To configure a channel:
1. If you are using the logger with an E50B2 Power & Energy Meter, then select “for E50B2 Power
& Energy Meter” in the Configure Sensors drop-down list at the top of the Sensors pane. This will
automatically preselect the appropriate channels and pulse scaling factors, which you can then
customize further in the following steps.
For all other sensors/devices, select “Manually” in the Configure Sensors drop-down list.
2. Make sure the checkbox is enabled for the external channel you wish to log.
3. Choose either Pulse, State, Event, or Runtime from the drop-down list.
4. For Pulse channels, click the button for the corresponding channel in the sensor list to select the
sensor type as shown below. If you select Raw Pulse for the sensor type, you can use Data Assistants
to set up kWh (HOBOware Pro only) and pulse scaling information as necessary. You can also adjust
maximum pulse frequency and lockout time by clicking the Advanced button. Note that sensors that
support Data Assistants at launch time display the Scaling and/or kWh icon next to their name.

For State and Runtime channels, type a name and select a description.
For Event channels, type a name, adjust the increment, and type a unit description (or accept the
default "units" for the description).
5. Type a label for the sensor, if desired.
6. Repeat steps 1 through 5 for each channel you wish to configure.
Notes on configuring sensors:

• Although it is helpful to see the connected sensors/devices when setting up the launch, it is not
required that you physically connect them while selecting sensor type options. You may set up the
launch for a delayed or push button start, then connect the sensors/devices later, before logging
begins. Important: Sensors that are connected after logging begins may not log accurate data.

• Click the Filters button to create additional filtered series for any of the channels you configured. The
filtered series will then be automatically calculated when you read out the logger and plot the data.

• You have the option to record the logger's battery voltage at each sample time; this is the last channel
in the sensors list. Like the other data channels, logging the internal battery channel consumes some
of the logger's memory. Unless you suspect abnormal battery performance, you do not need to log
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the battery voltage. You can also disable the battery channel with Series preferences (in Preferences,
select Display, then Series).

• Note that labels do not apply to calculated or derived channels, such as filtered series.
Deployment
• Logging Interval. Select how often the logger will record data. You can choose either one of the
preset logging intervals or specify a custom logging interval. The minimum logging interval is one
second and the maximum for most loggers is 18 hours, 12 minutes, and 15 seconds. The shorter the
logging interval, the more quickly memory fills and battery power is consumed. If you did not select
any channels to log, this field will be disabled.

• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
frequent state and event logging will affect your deployment. If you are logging only state changes
and events, no estimation is possible.

• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). You can choose to launch this logger:

 Now. Logging begins as soon as you click the Start button.
 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.

 Push Button. Logging will not start until you press the button on the logger and hold it down for at
least three seconds. The Waiting LED will blink on the logger until you press the Start/Stop button.

 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The Waiting LED will blink on the logger until logging begins on the selected
date/time.

• Stop logging. Select when you want the logger to stop logging. You can choose:
 When memory fills or Never (wrap when full). If you select "When memory fills," then the logger
will stop recording data once the memory is full. If you select "Never (wrap when full)," the logger
will record data continuously until either the logger battery runs out or you stop it. Once the
logger is full, the newest data will overwrite the oldest data.

 Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger itself for 3 seconds. If you also configured a Push Button start,
then you must wait 5 minutes after logging begins before you can use the button to stop logging.

 Specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time.

• Options. Select "Turn LEDs off" if you want the logger to operate in "stealth mode," which disables
the Logging LED on the logger. The Waiting LED and the Test button/Activity lights will still remain
operational when this option is selected.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in the Launch Time-Saving Options subcategory of the General
preferences.
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Launch Options for the HOBO Plug Load Logger (UX120-018)
The following launch options are available for the HOBO Plug Load logger (UX120-018). Note that the Launch
Logger window may vary from the example shown below. This logger also has the ability to operate in meter mode
without logging data. For details on that capability, refer to the logger manual.

Logger Information
•

Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of
the plot.

•

Serial Number. This is the serial number for the logger.

•

Deployment Number. This is the number of times (including this time) the logger has been launched.
Each time you start a new launch, the deployment number increases by one.

•

Battery Level. This shows the current battery level in the logger.

•

Status. Click the Status button to check the logger settings from the previous launch. You can also
check status on the logger LCD (see the logger manual for details).

Sensors
The Sensors list displays all measurements available to log with this logger. To configure measurements:
1.

Select the checkbox next to each measurement you want to log. The available measurements to log are:
•

RMS Voltage (V). RMS is root mean square. True RMS is the real or effective value of AC voltage for a
circuit.

•

RMS Current (A). True RMS is the real or effective value of current for a circuit.

•

Active Power (W). The capacity of the circuit for performing work in a particular time (also known as
real power).

•

Active Energy (Wh or kWh). A watt-hour (Wh) is a unit of energy equivalent to one watt (1 W) of
power expended for one hour (1 h) of time. kWh is a unit of energy equal to 1,000 watt-hours.

•

Apparent Power (VA). The product of the current and voltage of the circuit.
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•

Power Factor (PF). The ratio of the active or real power flowing to the load to the apparent power in
the circuit. It is a dimensionless number between 0 and 1.

2.

Type a label for each enabled measurement, if desired.

3.

Select the Max, Min, or Avg checkboxes (if available) to log statistics for each enabled measurement. The
logger will calculate maximum, minimum, and average values at each logging interval based on the
logger's fixed single-cycle sampling rate of 60 Hz or 16.67 mS. For example, at a 1-minute logging interval,
the statistics would be based on 3,600 samples (60 Hz x 60 seconds). This will result in up to three
additional series per channel that record the following information at each logging interval:
•

The maximum, or highest, sampled value,

•

The minimum, or lowest, sampled value, and

•

An average of all sampled values.

Statistics are not available for Active Energy (kWh).
Notes on configuring measurements:
•

If statistics were configured, press the Next/Clear button on the logger for 1 second to cycle through
the maximum and minimum values (as applicable) on the LCD screen. Average is not available for
viewing on the LCD screen. Note that the maximum and minimum values displayed are not the values
recorded at the logging interval. They are based on samples taken every 16.67 mS during the entire
logging period. To reset the starting point used to determine the maximum and minimum values
shown on the LCD screen, press and hold the Next/Clear button for 3 seconds. See the logger manual
for more details.

•

Statistics are not available in the HOBOware Status window. You can plot the statistics series once
you read out the logger.

•

Click the Filters button to create additional filtered series for any of the measurements you
configured. The filtered series will then be automatically logged and available when you read out the
logger and plot the data.

•

You have the option to record the logger's battery voltage at each sample time. Logging the internal
battery channel consumes some of the logger's memory. Unless you suspect abnormal battery
performance, you do not need to log the battery voltage. You can enable or disable the battery
channel with Series preferences (in Preferences, select Display, then Series).

•

Note that labels do not apply to calculated or derived series, such as filtered series.

Deployment
•

Logging Interval. Select how often the logger will record data. The shorter the logging interval, the
more quickly memory fills and battery power is consumed. If you did not select any channels to log,
this field will be disabled.

•

Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
other factors will affect your deployment.

•

Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). You can choose to launch this logger:


Now. Logging begins as soon as you click the Start button.



At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.
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•

•



Push Button. Logging will not start until you press the button on the logger and hold it down for
at least three seconds. The Waiting LED will blink on the logger until you press the Start/Stop
button.



On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The LCD screen will count down to that start date/time and then logging will
begin.

Stop logging. Select when you want the logger to stop logging. You can choose:


When memory fills or Never (wrap when full). If you select "When memory fills," then the logger
will stop recording data once the memory is full. If you select "Never (wrap when full)," the
logger will record data continuously until either the logger battery runs out or you stop it. Once
the logger is full, the newest data will overwrite the oldest data.



Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger itself for 3 seconds. If you also configured a Push Button start,
then you must wait 5 minutes after logging begins before you can use the button to stop logging.



Allow button restart. This setting is available when "Push button" is selected as a "Stop Logging"
option. If you select this option, you can resume logging on the next even logging interval on a
stopped logger by pressing the Start/Stop button for three seconds. For example, press the
Start/Stop logging button on the logger once to stop logging. Then, a few minutes, hours, or even
days later when you are ready to continue logging, press the Start/Stop button on the logger
again and logging will resume at the next even logging interval (i.e. if the logging interval is set at
1 hour and you press the button at 10:15 AM, logging will not resume until 11:00 AM, which is
the next even interval based on the 1-hour logging interval). You can then continue to start and
stop logging as often as you'd like during this same deployment. Any gaps between when you
stopped and restarted logging during this deployment will be reflected on the plotted data when
you read out the logger. Once you relaunch the logger, a new deployment and datafile will begin.
The data from the previous deployment will not be carried over to the new one.



Specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time.

Options. Select "Turn LCD off" if you want the logger to operate in "stealth mode" with the LCD screen
turned off. You can override this temporarily by pressing the Start/Stop button on the logger. The LCD will
then remain illuminated for 10 minutes.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in the Launch Time-Saving Options subcategory of the General
preferences.
Important: After you choose the launch settings in this window and click Start, the settings are then loaded into
the logger. The LCD screen on the logger will display "LOAD" during this process. If you disconnect the logger from
the USB cable before this process is finished, "Err" will appear on the LCD screen instead. If you see "Err" at any
point during launch configuration, check the USB connection between the computer and the logger, reopen the
Launch Logger window and click Start again.

Launch Options for the HOBO MX CO2 Logger (MX1102)
The following launch options are available for the HOBO Temp/RH/CO2 logger (MX1102). Note that the Launch
Logger window may vary from the example shown below. This logger can be used with both HOBOware and the
HOBOmobile app. See the HOBOmobile User's Guide for details on that software.
Important note on battery life: Battery life for this logger is less than 6 months when logging CO2 and selecting a
logging interval or statistics sampling interval faster than 5 minutes. It is recommended that you select logging and
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sampling intervals of 5 minutes or greater when the CO2 sensor is enabled to prolong battery life. If you select
intervals faster than 5 minutes, you will need to replace the batteries more frequently. If you require faster longer
intervals, you can also power the logger via USB cable. For specifications and complete logger details, refer to the
product manual at www.onsetcomp.com/manual/mx1102.

Logger Information
•

Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default file
name when you read out and save the data recorded by the logger. It is also the default title of the plot.

•

Serial Number. This is the serial number for the logger.

•

Deployment Number. This is the number of times (including this time) the logger has been launched.
Each time you start a new launch, the deployment number increases by one.

•

Battery Level. This shows the current battery level in the logger.

•

Status. Click the Status button to check current settings.

Sensors
The Sensors list displays all sensors available for recording data. Choose the sensors, or channels, that you wish to
log in this deployment and type a label if desired.
Notes:
•

Click the Alarms button to set an alarm for this logger. Note that the Logging Mode must be set to Fixed
Interval or Statistics to configure an alarm.

•

Click the Filters button to create additional filtered series for any of the channels you configured. The
filtered series will then be automatically calculated when you read out the logger and plot the data.

•

Click the CO2 Settings button to select calibration and altitude compensation settings for the carbon
dioxide sensor. See Carbon Dioxide Sensor Settings for more details.

•

Labels do not apply to all calculated or derived channels, such as filtered series channels.
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Deployment
•

Logging Interval. Select how often the logger will record data. You can choose one of the preset logging
intervals or specify a custom logging interval. The minimum logging interval is one second and the
maximum is 18 hours, 12 minutes, and 15 seconds. The shorter the logging interval, the more quickly
memory fills and battery power is consumed. Note: Battery life for this logger is less than 6 months when
logging CO2 and selecting a logging interval faster than 5 minutes. It is recommended that you select a
logging interval of 5 minutes or slower when the CO2 sensor is enabled to prolong battery life.

•

Logging Mode. Select the type of logging mode you wish to use: Fixed Interval, Burst, or Statistics. With
Fixed Interval logging, the logger records data points for enabled sensors at each logging interval. With
Burst logging mode, the logger can use a different logging interval when specific conditions are met. With
Statistics mode, the logger can calculate maximum, minimum, average, and standard deviation for all
enabled sensors during logging at a sampling interval you specify. Keep in mind that the more statistics
you record, the shorter the logger duration and the more memory is required. It is recommended that
you select a sampling interval of 5 minutes or slower when the CO2 sensor is enabled to prolong battery
life. Once you launch the logger, the selected statistics will be displayed on the logger LCD. After you set
up Burst or Statistics logging, there will be an Edit button next to Logging Mode in the Launch Logger
window to make additional changes as necessary. Note that Fixed Interval or Statistics mode is required if
you want to set up alarms for the logger.

•

Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval, logging mode, and sensors currently selected. This is a theoretical estimate only; battery
life and other factors will also affect the deployment.

•

Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of the
General preferences). You can choose to launch this logger:

•

•



Now. Logging begins 15 seconds after you click the Start button in the Launch Logger window.



At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when you
choose a one-hour logging interval). The exact start time depends on the logging interval you choose.



On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present. The LCD screen will count down to that start date/time and then logging will begin.



Push Button. Logging will begin 15 seconds after you press the Start/Stop button on the logger for 3
seconds. The LCD screen on the logger will display "Start" until you press the button.

Stop Logging. Select when you want the logger to stop logging. You can choose:


When memory fills or Never (wrap when full). If you select "When memory fills," then the logger will
stop recording data once the memory is full. If you select "Never (wrap when full)," the logger will
record data continuously until either the logger battery runs out or you stop it. Once the logger is full,
the newest data will overwrite the oldest data. When "Never (wrap when full)" is selected, a wrap
indicator icon will display on the logger LCD screen.



Push button. When this option is selected, the logger will stop recording data when you press the
Start/Stop button on the logger for three seconds. The LCD screen on the logger will display "Stop"
when this option has been selected.



After a specific stop date. Select the date you want the logger to stop recording data. Choose either a
preset time or set your own custom date and time.

Options. Select "Turn LCD off" if you want the logger to operate in "stealth mode" with the LCD screen
turned off. You can override this temporarily by pressing the Start/Stop button on the logger. The LCD will
then remain illuminated for 10 minutes.
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Skip launch window next time (HOBOware Pro)
Check this box to bypass the Launch Window the next time you choose Launch from the Device menu or click the
Launch icon. This will cause the next logger to be launched with either the previous launch settings or the current
logger settings as set in the Launch Time-Saving Options subcategory of the General preferences.
Important: After you choose the launch settings in this window and click Start, the settings are then loaded into
the logger. The LCD screen on the logger will display "LOAD" during this process. If you disconnect the logger from
the USB cable before this process is finished, "Err" will appear on the LCD screen instead. If you see "Err" at any
point during launch configuration, check the USB connection between the computer and the logger, reopen the
Launch Logger window and click Start again.

Launch Options for Other U-Series Loggers
The following launch options are available for USB U-Series loggers other than the UX90, UX100, and UX120-017x.
Note that the Launch Logger window may vary from the example shown below.

Logger Information
• Description. Enter a description for the launch, up to 40 characters, in this field. This description is
used as the default file name when you read out and save the data recorded by the logger. It is also
the default title of the plot.

• Serial Number. This is the serial number for the logger. Note that some external sensors also have
serial numbers, which are not listed here.

• Deployment Number. This is the number of times (including this time) the logger has been
launched. Each time you start a new launch, the deployment number increases by one.

• Battery Level or State. This shows the current battery level in the logger or whether the battery
state is good or bad (depending on the logger model).

• Status. Click the Status button to check the logger settings used in the previous launch.
Sensors
The Sensors List displays all internal sensors and external channels available for recording data. Choose the
sensors, or channels, you wish to log in this deployment. To configure an external sensor:
1. Make sure the checkbox is enabled for the external channel you wish to configure.
2. Click the button for the corresponding channel in the sensor list to select the sensor type as shown
below. If the external sensor has not been configured, the button reads <Sensor Type Not Selected>.
Otherwise, the previous sensor type selected will be displayed on the button.
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3. Select the measurement category and then the specific sensor part number and range (if applicable).
Note that the sensor part number must match the part number listed on the shrink tube on the sensor
cable to record accurate data.
4. Type a label for the sensor, if desired.
5. Repeat steps 1 through 4 for each additional external sensor you wish to configure.
Notes on configuring sensors:

• Although it is helpful to see the connected sensors when setting up the launch, it is not required that
you connect the sensors during launch set-up. You may set up the launch for a delayed or push button
start, then connect the sensors later, before logging begins. Important: Sensors that are connected
after logging begins will not log any data. Alternatively, if you select an external channel, but do not
plug the sensor in, false data will be recorded for that channel.

• Some loggers with RH or pressure sensors require that you also select the internal temperature sensor
to log relative humidity or pressure. The dependency may be noted in the sensors list (see Relative
Humidity channel in the example above). Refer to the manual that came with your logger for
additional information.

• When both the internal temperature and RH sensors are selected, dew point will be calculated
automatically.

• If external events or states are available for your logger, you can enter names to identify the event
and state channels that are in use. You can also rename the Open and Closed descriptions for each
state, and enter increments and units for each event channel.

• Data Assistants let you create new data series by combining data recorded by the logger with
additional data. When you use a Data Assistant from the Launch Logger window, the parameter set is
saved and applied to data every time you read out a logger or open the resultant data file. The derived
data is also shown when you check the latest readings in the Status window. Click the Scaling button
to access the Data Assistants window and choose the Linear Scaling or Pulse Scaling Assistant. Click
the Create button to run the assistant. After you enter values, click Save. Sensors that support Data
Assistants at launch time display the Scaling icon next to their name.

• Some loggers have alarm functionality. Click the Alarms button, if available, to set alarms as desired.
Sensors that have alarm functionality display the Alarms icon next to their name.

• Click the Filters button to create an additional filtered series, such as average temperature per day,
automatically when you read out the logger and plot the data.

• You have the option to record the logger's battery voltage at each sample time; this is the last channel
in the sensors list. Like the other data channels, logging the internal battery channel consumes some
of the logger's memory. Unless you suspect abnormal battery performance, you do not need to log
the battery voltage. You can also disable the battery channel with Series preferences (in Preferences,
select Display, then Series).

• Note that labels do not apply to calculated or derived channels, such as filtered series.
Deployment
• Logging Interval. Select how often the logger will record data. You can choose either one of the
preset logging intervals or specify a custom logging interval. The shorter the logging interval, the more
quickly memory fills and battery power is consumed. If you did not select any channels to log, this
field will be disabled. See also Multiple Logging Intervals and Fast Logging Intervals.

• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
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frequent state and event logging will affect your deployment. If you are logging only state changes
and events, no estimation is possible.

• DO Sensor Cap Expires (HOBO U26 Dissolved Oxygen logger only). If a DO sensor cap is
installed on the U26 logger, the date the cap expires is listed. The logger will not collect any data after
the cap expires. For more details on the DO sensor cap, see Working with the HOBO U26 Dissolved
Oxygen Logger.

• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). For U-Series loggers, you can choose to launch the logger:

 Now. Logging begins as soon as you click the Start button.
 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.

 Push Button/Using Coupler. (Available only on certain loggers.) Logging will not start until you
press the button on the logger and hold it down for at least three seconds, or return the logger to
the coupler without the base station for at least three seconds (refer to your logger manual for
more information). If the logger has a light, it will flash quickly when logging begins.

 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in the Launch Time-Saving Options subcategory of the General
preferences.
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Launch Options for the HOBO U30 and Other Station Loggers
The following launch options are available for Station loggers, which connect to the computer via serial cable
instead of USB cable. Note that the Launch Logger window may vary from the example shown below.

Logger Information
• Name. Enter a name for the launch, up to 40 characters, in this field. This name is used as the default
file name when you read out and save the data recorded by the logger. It is also the default title of the
plot.

• Serial Number. This is the serial number for the logger. Note that some external sensors also have
serial numbers, which are listed in the Sensors pane.

• Deployment Number. This is the number of times (including this time) the logger has been
launched. Each time you start a new launch, the deployment number increases by one.

• Battery Level. This shows the current battery level in the logger.
• User Notes. Click this button to type up to 2000 characters of information about the deployment.
This text will be displayed in the Details pane after you read out the logger and plot the data.

• Status. Click the Status button to check the logger settings from the previous launch.
Sensors
Only the sensors that are currently plugged in or built into the logger are listed. Sensors are listed in ascending
order by serial number, regardless of their physical position in the logger. If you add or remove sensors, click the
Refresh button to make sure your changes are seen by the logger and displayed in this list.
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You can assign a name to each sensor (up to 30 characters). This is helpful if you want to specify a location where
the sensor will be placed or if you need to differentiate multiple sensors of the same type.
Sensors must be connected prior to launching if you will be entering a name for the sensor or configuring
FlexSmart modules or Analog Sensor Ports (use the Configure button to the right of the Label field). Otherwise,
sensors do not have to be connected when setting up the launch. You may set up the launch for a delayed or push
button start, then connect the sensors later before logging begins.
Notes about configuring sensor channels:

• Do not attach more than 15 channels of sensors. The logger cannot accommodate more than 15
channels.

• In addition to logging up to 15 channels, the HOBO Energy Logger and HOBO U30 Station can record
their internal battery channel (other sensors must be attached; the logger cannot log battery alone).
When enabled, the logger's battery voltage is recorded at each interval. The battery voltage is logged
by default for the U30-GSM, U30-WIF, and U30-ETH and is an option for other logger models.

• Always enable the logger's internal battery channel when logging with excitation power. This will help
you determine whether and when excitation power was turned off during a deployment.

• HOBOware Pro Data Assistants let you create new data series by combining data recorded by the
logger with additional data. When you use a Data Assistant from the Launch Logger window, the
parameter set is saved and applied to data every time you read out a logger or open the resultant
data file. The derived data is also shown when you check the latest readings in the Status window. You
can use the following Data Assistants from the Launch window (others can only be used from the Plot
Setup window): Pulse Scaling, Linear Scaling, and kWh (HOBOware Pro only). This feature is available
for the HOBO U30, the HOBO H21 (Weather Station and Micro Station) and the HOBO H22 (Energy
Logger) loggers. Click the kWh or Scaling button to access the Data Assistants window. Select the
desired assistant and click the Create button to run the selected assistant. After you enter values, click
Save. Sensors that support Data Assistants at launch time display the Scaling and/or kWh icon next to
their name.

• Click the Filters button to create an additional filtered series, such as average temperature per day,
automatically when you read out the logger and plot the data.

• Note that labels do not apply to calculated or derived channels, such as filtered series.
Deployment
• Logging Interval. Select how often the logger will record data. You can choose either one of the
preset logging intervals or specify a custom logging interval. The minimum logging interval is one
second and the maximum for most loggers is 18 hours, 12 minutes, and 15 seconds. The shorter the
logging interval, the more quickly memory fills and battery power is consumed. Some sensors
(specifically, the FlexSmart TRMS modules) require a logging interval of two seconds or greater. If you
choose a faster logging interval, erroneous data will be logged on these channels.

• Sampling Interval. The sampling interval allows you to take multiple measurements within the
logging interval, then average them together to create a single logged measurement. The sampling
interval is optional and is valid only for sensors that support measurement averaging. Refer to the
sensor's user manual to determine whether measurement averaging is available on the sensor. If you
have at least one sensor that supports measurement averaging, click the Enable button, then set the
sampling interval at less than or equal to the logging interval (up to four minutes). Rapid sampling
(faster than one minute) will reduce the logger's battery life. If you do not have any sensors with
measurement averaging or wish to turn off the sampling interval, click the Disable button.

• Logging Duration. This lists the approximate time it will take to fill the logger memory based on the
logging interval and sensors currently selected. This is a theoretical estimate only; battery life and
frequent state and event logging will affect your deployment. If you are logging only state changes
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and events, no estimation is possible. If you add or remove sensors while viewing the Launch window,
click the Refresh button to get an updated Logging Duration.

• Start Logging. Select when to launch the logger. This defaults to the setting for the logger's previous
launch (you can change this in HOBOware Pro with the Launch Time-Saving Options subcategory of
the General preferences). You can choose to launch the logger:

 Now. Logging begins as soon as you click the Start button. If you do not have at least one sensor
attached, the logger will not launch.

 At Interval. Logging will begin at an exact interval (for example 9:00:00 rather than 8:47:00 when
you choose a one-hour logging interval). The exact start time depends on the logging interval you
choose.

 Push Button. Logging will not start until you press the button on the logger and hold it down for at
least three seconds. If the logger has a light, it will flash quickly when logging begins. This is not
available for the U30 Station.

 On Date/Time. Logging will begin at a date and time you specify, up to approximately six months
from the present.

 Save Settings in Logger. Logging will not start, but the launch settings will be saved so that you do
not have to re-enter them when you are ready to launch at a later time. The next time you view
the Launch window for this logger, the settings you entered will still be in place.

• Stop Logging. There are two options for stopping the logger: either "when memory fills" or "never
(wrap when full)." If you select "when memory fills," then the logger will stop recording data once the
memory is full. If you select "never (wrap when full)," the logger will record data continuously until
either the logger battery runs out or you stop it. Once the logger is full, the newest data will overwrite
the oldest data.

Skip launch window next time (HOBOware Pro)
Check this box if you would like to bypass the Launch Window the next time you choose Launch from the Device
menu or click the Launch icon. This will cause the next logger to be launched with either the previous launch
settings or the current logger settings as set in the Launch Time-Saving Options subcategory of the General
preferences.
Note: For additional details on launching the HOBO U30 Station, see Working with the HOBO U30 Station.

Multiple Logging Intervals
Some loggers can be configured with multiple logging intervals, which allow you to define separate intervals for
different phases of the deployment.
To configure multiple logging intervals:
1. From the Device menu, select Launch.
2. In the Launch Logger window, click the Add New Interval button for each interval you wish to add (the
maximum number of intervals allowed varies by logger model). If there is no Add New Interval button,
then the logger does not support multiple logging intervals.
3. Set the hours, minutes, and seconds for each interval, and the number of samples you want the logger
to record at each interval.
4. Use the Start and End times in the Duration column to decide how many samples to record at each
interval. Note: Because internal logger events, such as coupler events, do take up some of the
logger's memory, the number of samples and end times are only estimates. Frequent events will
cause the logger to fill up sooner.
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5. Set any other launch options and click Start.
To delete an interval, click the Remove button next to the interval in the Launch Logger window.

Fast Logging Intervals
Some loggers can be configured with fast logging intervals, which allow you to log more than once per second, up
to 100 measurements per second (hertz).
To use fast logging intervals:
1. From the Device menu, select Launch.
2. In the Launch Logger window, click the Fast button. If there is no Fast button, then the logger does not
support fast logging intervals.
3. Choose a logging frequency from the Hertz drop-down list or enter the logging interval in decimal
form in the Sec field.
4. Set any other launch options and click Start.

Notes:
• A logger cannot communicate with a computer or shuttle while it is logging at a fast interval. The
logger will stop logging if you connect the logger to a computer, base station, or shuttle while it is
logging in fast interval mode.

• Be aware that a fast logging interval typically means a very short logging duration. Make sure the
logger will run long enough to collect the data you need. Disabling unnecessary channels can extend
the logging duration and help to compensate for decreased duration while operating in fast interval
mode.

• Because fast logging deployments are so brief, the logger must be launched with a coupler or button
start. Follow the instructions that came with your logger for a trigger (coupler or button) start. If the
logger has a light, it will flash quickly when logging begins.

Setting a Default Action on Multiple U-Series Devices
By default, HOBOware does not take any action when you connect a device. You can change this behavior by
setting a default action to Launch, Readout, or Get Status. This can save you time when working with multiple
loggers of the same type. Note: This feature is only available with HOBOware Pro and U-Series loggers.
To set a default action:
1. From the Device menu, select Default Action.
2. Select Launch, Readout, or Get Status.
If you set the default action to launch, you can also change the preferences to automatically populate the Launch
Logger window with the same settings as the previous launch. This is helpful if you are launching numerous loggers
of the same type with the same settings. To set this preference:
1. Select Preferences from the File menu in Windows or the HOBOware menu in Macintosh.
2. Select General and then select Launch Time-Saving Options.
3. For the "Fill launch window with contents of" setting, select Previous Launch.
4. Click OK.
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When a device is connected, the default action you set will take place automatically. For example, if you chose
Readout, HOBOware Pro will read out the logger immediately. You can then disconnect that logger, connect
another logger, and the next logger will be read out automatically. If you connect a shuttle, the shuttle's new files
will be offloaded automatically. Similarly, if you chose Launch for the Default Action, the Launch Logger window
will open automatically when you connect the logger. The next time you connect a logger of the same time, the
Launch Logger window will open automatically and be populated with the previous launch settings if you
configured the Launch Time-Saving Options in the Preferences. A note will appear in the Launch Logger window
when this preference is in use.
Important Note for Windows: The first time you connect a device, the Default Action may not be triggered. After
the device has been connected to the computer and disconnected at least once, the Default Action should then be
triggered.

Using Launch Utilities
There are several utilities available from the Launch Logger window for setting up customized data series,
configuring alarms, and setting advanced logger options. These utilities vary depending on the type of logger you
are using. They include:

• Scaling
• Filters
• Alarms
• Advanced Sensor Properties: Pulse Frequency and Lockout Time
• Advanced Sensor Properties: Calibration
• Advanced Sensor Properties: Occupancy
• Statistics: Maximum, Minimum, Average, and Standard Deviation
• Filtered Series vs Statistics Logging
• Burst Logging

Filter Series at Launch
As part of the launch setup, you can create a filtered series that automatically calculates additional values, such as
maximum, minimum, average, or total, for a set interval upon readout of the logger. The filtered series is saved as
an additional series in the datafile so it is always available when plotting your data. This saves you the time of
manually filtering data for each series after readout using the regular HOBOware filter tool, although this tool is
still available should you need to further filter data later.
To set up a filtered series at launch:
1. Select the channel, or sensor type, you wish to filter.

2.

Select the type of filter and the interval you wish to use. If you select an interval of week or month,
select "First data point" for the filter to start on the date and time of the first logged data point or
select the day of the week or month you want the filter to start (the filter will start at midnight on the
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day selected). In this example, the type of filter is "Average Temperature" in each month starting with
the first data point. Note that filters vary depending on the channel's measurement type.

3. Edit the Resultant Series Name as desired. Click Create New Series.

4. The newly created series is added to the Filtered Series list as shown below. To make a change to a
filtered series, either double-click the series name or select the series name and click Edit. To delete a
filtered series, select the series name and click Delete.

5. Repeat steps 1 through 4 to create additional filtered series. Not only can you create filtered series for
all channels, but you can also create multiple filtered series on a single channel (for example, you can
show the maximum, minimum, and average temperature for a single temperature channel).
6. Click Done when finished. The number of filtered series that you created is displayed on the Filter
button in the Logger Launch window.
7. After you launch the logger and read it out, the filtered series will automatically be listed in the Plot
Setup dialog, from which you can select the series you wish to plot. Note: If you change the
GMT offset for the filtered series, the data points will not reflect that change. They will continue to be
filtered based on times within the original GMT offset at launch.
Notes:

• Loggers launched in HOBOware 3.2 with series created by the Pulse Scaling, Linear Scaling, and kWh
Data Assistants or with filtered series cannot be read out in earlier versions of HOBOware.
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• Filtered series created at launch time are not available for use with the Barometric Compensation,
Grains Per Pound, Conductivity, or Dissolved Oxygen Data Assistants.
See also:

• Filtered Series vs. Statistics Logging

Data Assistants Window (Scaling)
When you run a Data Assistant from the Launch Logger window, you can create a derived series, which is an
additional data series automatically calculated each time you read out the logger. The Data Assistants window lists
only those assistants available for the currently selected sensor and logger at launch time. There may be other
Data Assistants available for use after reading out the logger.
To set up a derived series with a Data Assistant:
1. Select the Data Assistant you wish to use and click Create.
2. Select the information, or scaling parameters, you want the series to contain and click Save.
3. The new series appears in the My Derived Series list. Create additional series as desired.
To make a change to a derived series, either double-click the derived series name or select it and then
click Edit.
To delete a derived series, select the series and then click Delete.
4. After you have finished creating or editing the derived series, click Done. Depending on the type of
logger you are using, the total number of derived series created appears on the kWh and/or Scaling
buttons in the Launch Logger window. Derived series are also listed in the Status window.
After you launch the logger and read it out, the derived series will automatically be listed in the Plot Setup
dialog, from which you can select the series you wish to plot.
Notes:

• Loggers launched in HOBOware 3.2 with series created by the Pulse Scaling, Linear Scaling, and kWh
Data Assistants or with filtered series cannot be read out in earlier versions of HOBOware.

• When setting up kWh or scaling for UX90 series loggers, the scaled series information will appear on
the LCD screen on the logger. In addition, only the Energy series appears on the LCD screen when
configuring kWh. Average power and cost series will not display on the screen; they are available in
HOBOware only.

• Although it is possible to set up more than one scaling value for each sensor on the HOBO 4-Channel
Analog logger (UX120-006M), only the first scaling value for that sensor will be used.

Configure Alarms
You can set an alarm to trip when a sensor reading rises above or falls below a specified value on certain logger
models. Note: The U30 Station also has alarms capability; see Setting Alarms on a HOBO U30 Station for more
details.
To set an alarm:
1.

If the Alarms window is not already open, click the Alarms button from the Launch Logger window. If
there is no Alarms button, then the logger does not have alarm capability. If the Alarms button is
disabled, be sure you have enabled logging on a sensor that supports alarms. If the Alarms button is
disabled for MX, UX100, or UX120 series loggers, make sure the Logging Mode is not set to Burst.
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Alarms are not available for these loggers when the Logging Mode is set to Burst in the Launch Logger
window.
2.

In the Alarms window, select the sensor that you want to have an alarm. Note: The example below is
for a UX100 series logger. Any differences for other logger models are noted in these steps.

3.

Select the High Alarm checkbox if you want an alarm to trip when the sensor reading rises above the
high alarm value. Type the reading next to the High Alarm checkbox or drag the red upper slider. In
this example, we've set an alarm to trip when the temperature rises above 85°F.

4.

Select the Low Alarm checkbox if you want an alarm to trip when the sensor reading falls below the
low alarm value. Type in the reading next to the Low Alarm checkbox or drag the blue lower slider. In
this example, we've set an alarm to trip when the temperature falls below 32°F.
Note: The actual values for the high and low alarm limits are set to the closest value supported by the
logger. For example, the closest value to 85°F that the UX100 series logger can record is 84.990°F and
the closest value to 32°F is 32.043°F. In addition, alarms can trip or clear when the sensor reading is
within the logger specifications of 0.02°C resolution. This means the value that triggers the alarm may
differ slightly than the value entered. For example, if the High Alarm is set to 75.999°F, the alarm can
trip when the sensor reading is 75.994°F (which is within the 0.02°C resolution).

5.

Set the duration for out-of-range samples before an alarm is tripped.

6.

Select either Cumulative or Consecutive for the Sensor Alarm Mode (select logger models only). If you
select Cumulative, then the alarm will trip when the time the sensor is out of range over the course of
the deployment is equal to the selected duration. If you select Consecutive, then the alarm will trip
when the time the sensor is continuously out of range is equal to the selected duration. For example,
the high alarm for temperature is set to 85°F and the duration is set to 30 minutes. If Cumulative is
selected, then an alarm will trip once a sensor reading has been at or above 85°F for a total of 30
minutes since the logger was configured; specifically, this could be 15 minutes above 85°F in the
morning and then 15 minutes above 85°F again in the afternoon. If Consecutive is selected, then an
alarm will trip only if all sensor readings are 85°F or above for a continuous 30-minute period.

7.

Choose how long the logger should maintain the sensor or visual alarm once it has tripped (select
logger models only). Select "Host has relaunched logger" if you want the alarm to remain visible on the
LCD until the next time you relaunch the logger. Select "Sensor reading within limits" if you want the
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alarm to clear once the sensor reading returns to the normal range between the high and low alarm
limits. Select "Cleared with button press" if you want the alarm to remain on and visible on the LCD
until you press the Alarm button on the logger (select logger models only).
8.

U14-00x loggers only: You can set the Relay Contacts to Normally Open or Normally Closed as
described in the logger manual. Click the Test Set Alarm button to test the relay switches. Deselect the
"Set Alarm on Low Battery" checkbox if you do not want an alarm to trip when the logger's battery is
running low.

9.

MX1102 loggers only: You can select Use Audible Alarm if you want a beep to sound on the logger
every 30 seconds when the sensor alarm trips. The beeping will continue until the alarm is cleared
from the software, a button on the logger is pressed, or 7 days have passed. Battery life will be slightly
reduced when this setting is enabled. It is recommended that you only enable this feature if you have
regular access to the logger so that you can easily turn off the beeping.

10. Click OK to save the alarm settings and return to the Launch Logger window.
Once the logger is launched, alarms will trip as determined by these settings. For UA-001 loggers, a "high" or
"low" LED will blink when an alarm is tripped; alarms are checked at every logging interval. For other models,
logger alarms will display on the LCD screen. The alarm limits are checked when the logger's LCD screen
refreshes. See the logger manual for details on LCD screen refresh rates.
When you read out the logger, high and low alarm levels will be displayed on the plot. In the example below,
the temperature rose above 85°F so those readings are in the red, or high alarm, portion of the plot. The
temperature never fell below the low alarm limit, which is the blue portion at the bottom of the plot. Some
logger models also display alarm events showing when the alarm tripped (and cleared if applicable). In this
example, there are "Chan 1 Alarm Tripped" and "Chan 1 Alarm Cleared" events showing when the temperature
alarm tripped and cleared. The "Chan 1 Alarm Cleared" event contains the value that was furthest out of range
for the sensor before the alarm cleared (see the Points table for the actual value).

Advanced Sensor Properties: Pulse Frequency and Lockout Time
Use the Advanced Sensor Properties window to set the maximum pulse frequency for raw pulse channels and to
specify a lockout time for raw pulse and event channels, which prevents false readings from mechanical sensors as
their relay state changes.
Setting maximum pulse frequency is not required, but it can help optimize logging duration. The maximum pulse
frequency, multiplied by the logging interval, determines the maximum count of pulses possible within each
interval. The logger then can use this value to adjust the amount of memory (bits) used to log each data point. This
means the logger uses memory as efficiently as possible, which in turn maximizes logging duration.
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To configure maximum pulse frequency and lockout time:
1. Select the sensor that corresponds with the pulse channel you wish to configure.
2. Set the maximum pulse frequency, which controls how many pulses per second can be processed by
the logger on a single pulse channel. The option to set the maximum pulse frequency is only available
for raw pulse channels (sensors for which you have selected Raw Pulse as the sensor type in the
Launch Logger window). Refer to the specifications in your sensor or device documentation for
recommended maximum pulse frequency values. In general, the larger the maximum pulse frequency,
the shorter the logging duration will be for the deployment. Note that the pulse frequency ranges in
this window vary depending on the logger model.

3. Click the "Apply lockout time" checkbox if you wish to specify a time period when pulses will be
ignored. Select the lockout time value from 1 to 10. On sensors with both pulse frequency and lockout
time settings, lockout time will affect the maximum pulse frequency: the higher the lockout time, the
lower the maximum pulse frequency will be.
Notes:

• If the logger has multiple sensors, then all sensors will have the same lockout time. This means if
you are using multiple sensors with different lockout time requirements, this may result in lost
pulses or false pulses.

• Lockout time is only available for raw pulse channels and event channels.
• When lockout time is enabled, you can specify a value from 1 to 10 (with a default of 5), which is
then multiplied by 100 milliseconds for a range of 0.1 to 1 second. The available range for the
maximum pulse frequency is automatically recalculated based on the lockout time. For
example, if the lockout time is set to 2, the maximum pulse frequency range changes to 0.01 to
5 Hz. The maximum pulse frequency also varies depending on the logger model. Refer to the
specifications in the logger documentation for maximum pulse frequency (documentation is
also available at http://www.onsetcomp.com/support/manuals).

ͶǤ Click Save. Note that the selections will not take effect in the logger until you launch it.

Advanced Sensor Properties: Calibration
Use the Advanced Sensor Properties window to set the calibration method used for internal light or motor sensors
in UX90 series data loggers. The default calibration method is to "calibrate from logger," which is an autocalibration procedure using the Calibrate button on the logger. Alternatively, you can set the calibration method to
a maximum or minimum sensitivity level as defined by HOBOware. To change the calibration method:
1. Select the sensor that corresponds with the internal light/motor channel you wish to configure.
2. Select "Calibrate from logger" to use auto-calibration or select "Set to maximum or minimum
sensitivity" to use HOBOware for calibration. See below for more details on both procedures.
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3. Click Save. Note that the selections will not take effect in the logger until you launch it.

Calibrate from Logger
Calibrating from the logger with the calibration button, also called auto-calibration, is used to calibrate the ON and
OFF threshold of the logger to achieve reliable readings in an environment where motor or light levels are
unknown prior to deployment or where logger light levels are variable. In the auto-calibration process, the light
level or the AC magnetic field for a motor sensor is measured via a built-in analog-to-digital converter and the
resulting value is used to generate a calibration threshold.
The logger has a built-in hysteresis level of approximately 12.5% for the light sensor and 6.25% for the motor
sensor to prevent the sensor from toggling between ON and OFF when the signal level is near the calibration
threshold. This plot shows how the logger handles hysteresis. The logger interprets the signal as ON until it drops
below the lower level of the calibration threshold. Once it switches to off, the signal will not switch back to ON
until it bypasses the upper limit of the calibration level.

When auto-calibrating from the logger (button calibrating):
1. Deploy the logger near the light/motor to be monitored. Turn the light or motor on.
2. Press the Calibrate button for 1 second. The LCD screen will display the signal strength of the
light/motor. The signal strength should ideally be at least 3 bars. Orient the logger as necessary to
increase the signal strength. The signal strength indicator will remain on the display for ten minutes or
until calibration is complete.
3. Press the Calibrate button for 3 seconds while “HOLD” appears on the LCD screen. For the light sensor,
move your hand away from the logger to prevent shadowing. The logger will count down to the autocalibration and then display either “PASS” or “FAIL” after calibration is complete.
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4. If the auto-calibration fails, point the sensor directly at the light or position it closer to the motor
source and then repeat these steps.

Set to Maximum/Minimum Sensitivity
If you cannot manipulate the light source or access the motor, you can set the calibration level in this window. The
lower the light/magnetic field level, the higher the sensitivity needs to be to record changes between ON and OFF
conditions. For light sensors, the maximum sensitivity is approximately 100 lux (for rooms with low light levels,
such as residential environments) and the minimum sensitivity is approximately 500 lux (for rooms with high light
levels, such as retail environments). For motor sensors, the maximum sensitivity is approximately 40 mG (for a
weak magnetic field) and the minimum sensitivity is set to approximately 100 mG (for a strong magnetic field).

Advanced Sensor Properties: Occupancy
Use the Advanced Sensor Properties window to set the timeout value for an occupancy sensor (UX90-005x/006x
models). The timeout value is the period of inactivity required for the sensor to consider the area unoccupied. The
timeout value is set to 1 minute by default. You can change this to one of the preset values or enter a custom
value.
To change the timeout value for an occupancy sensor:
1. Select the sensor that corresponds with the occupancy channel you wish to configure.
2. Select a preset timeout value as shown in the example below or select Custom and enter your own
value in minutes and seconds.

͵Ǥ Click Save. Note that the selections will not take effect in the logger until you launch it.

Statistics: Maximum, Minimum, Average, and Standard Deviation
You can configure UX100 series and some UX120 series loggers to calculate maximum, minimum, average, and
standard deviation statistics for all enabled sensors during logging at each logging interval based on samples taken
at a rate you specify. This will result in up to four additional series per sensor that record the following information
at each logging interval:

• The maximum, or highest, sampled value,
• The minimum, or lowest, sampled value,
• An average of all sampled values, and
• The standard deviation from the average for all sampled values.
For example, let’s say both the temperature and RH sensors have been enabled, the logging interval is set to 5
minutes and the sampling interval is set to 30 seconds (with maximum, minimum, average, and standard deviation
all enabled). Once logging begins, the logger will measure and record the actual temperature and RH sensor values
every 5 minutes. In addition, the logger will take a temperature and RH sample every 30 seconds and temporarily
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store them in memory. The logger will then calculate the maximum, minimum, average, and standard deviation
using the samples gathered over the previous 5-minute period and log the resulting value(s). When reading out the
logger, this would result in 10 data series (not including any derived series, such as dew point): two sensor series
(with temperature and RH data logged every 5 minutes) plus eight maximum, minimum, average, and standard
deviation series (four for temperature and four for RH with values calculated and logged every 5 minutes based on
the 30-second sampling).
Notes:

• Statistics are not available for logging if Normal or Burst has been chosen as the Logging Mode in the
Launch Logger window.

• On thermocouple loggers, statistics are only available on thermocouple channels and not on the
internal temperature channel.

• Maximum, minimum, and average statistics can be logged for a HOBO Plug Load logger (UX120-018),
but they are configured differently than the following steps for the UX100 series and other UX120
series loggers. In addition, average statistics are not displayed on the LCD screen for this logger. The
maximum and minimum values displayed are based on the entire deployment. See Launch Options for
a HOBO Plug Load logger (UX120-018) for details.
To configure statistics:
1. If the Statistics window is not already open, select Statistics from the Logging Mode drop-down menu
in the Launch Logger window. Or, if Statistics has already been configured, click the Edit button.
2.

Click the Maximum, Minimum, Average, and Standard Deviation checkboxes for each of the statistics
you want to calculate during logging. Note that Average is automatically selected when selecting
Standard Deviation. Important: Statistics apply to all enabled sensors; every selected statistic will be
calculated for all sensors (except battery voltage). For example, if both the temperature and RH
sensors have been selected in the Launch Logger window and you select Average, then the average
will be calculated for both temperature and RH. In addition, the more statistics you record, the shorter
the logger duration and the more memory is required. For MX1102 loggers: You can also select
Current Reading if you want to log the sensor readings at each logging interval.

3. Set the sampling interval, which must be less than and a factor of the logging interval. Choose either a
preset sampling interval or select Custom and enter your own sampling interval. Keep in mind that the
more frequent the sampling rate, the greater the impact on battery life.

4. Click OK when done. This will return you to the Launch Logger window. Click the Edit button next to
Logging Mode in the Launch Logger window to make additional changes.
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Once logging begins, press the Alarm/Stats button on the logger for 1 second to cycle through the current
maximum, minimum, average, and standard deviation data (as applicable) on the LCD screen (it is not available in
the HOBOware Status window). You can plot the statistics series once you read out the logger.

Filtered Series vs. Statistics Logging
Some logger models support filtered series and statistics logging, both of which involve calculating maximum,
minimum, and average values that you can plot after the logger is read out. Both are accessed from the Launch
Logger window (for filtered series, click the Filters button; for statistics logging, select Statistics as the Logging
Mode or for a UX120-018 logger, select the Max, Min, and Avg checkboxes for each sensor). However, there are
some key differences between the two features. Essentially, statistics logging is performed at the sampling interval
of the logger while filters include data accumulated from a series of logged data points.
The following table compares filtered series to statistics logging so that you can choose the best solution for your
deployment. Note: There is also another filtering option available after you read out the logger, which is available
from the Filter button on the toolbar. This allows you to create filtered series based on the data in the plotted
datafile. For more information on filtering after reading out a logger, see Filtering a Series.

Filtered Series

Statistics Logging

What logger models work
with this feature?
Which sensors does this
apply to?

All logger models.

Which measurement types
are compatible?
Can I view the data on the
logger's LCD screen (if
available)?
What kind of data can be
calculated with this feature?

All measurement types, including state,
event, pulse, and runtime.
No, filtered series are only available after
the logger is read out.

How often can data be
calculated?

By day, hour, minute, or second using
samples taken at the logging interval. The
filter interval should be greater than the
logging interval. It is also recommended
that it is a multiple of the logging interval
so that every filter interval has an equal
number of samples.

Only UX100, MX, and some UX120
series loggers.
Automatically calculated for all
enabled sensors (each sensor
selected in the Launch Logger
window except for Battery if
applicable) except for UX120-018
loggers, which require selecting
Max, Min, or Avg for each sensor.
Those supported by the individual
logger.
Yes, you can press a button on the
logger to cycle through each of the
enabled statistics.
Maximum, minimum, average, and
standard deviation (the UX120-018
does not support standard
deviation).
For UX100, MX, UX120-006M, and
UX120-014M: Data is calculated at
each logging interval using samples
taken at the sampling interval. The
sampling interval must be less than
and a factor of the logging interval
(i.e., if the logging interval is set to
10 minutes, statistics cannot be
calculated every hour; the sampling
interval would have to be less than
and a factor of 10 minutes).
For UX120-018: Data is sampled at
an internal logger rate of 16.67 mS
and statistics are logged at each
logging interval.
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Can I select different
intervals for each calculated
series?
How is the data recorded?

Filtered Series

Statistics Logging

Yes, you can select a different interval for
each filter you set up.

No, the intervals apply to all
selected statistics.

Sensor data is recorded at every logging
interval and filtered data points are
calculated at the rate you specified (for
example, the average temperature is
calculated every hour). This requires more
memory as every sample is recorded.

For UX100, MX, UX120-006M, and
UX120-014M: The logger takes a
sample at every sampling interval,
but only records statistics data at
the logging interval. This requires
less memory as every sample is not
recorded.
For UX120-018: Data is sampled at
an internal logger rate and statistics
are logged at each logging interval.

Burst Logging
Burst logging is a logging mode available for UX100, MX, and some UX120 series loggers that allows you to set up
more frequent logging when a specified condition is met. For example, let's say the logger is recording data at a 5minute logging interval and burst logging is configured log every 10 seconds when the temperature goes above
85°F (the high limit) or falls below 32°F (the low limit). This means the logger will record data every 5 minutes as
long as the temperature remains between 85°F and 32°F. Once the temperature reaches 90°F, for example, the
logger will switch to the faster logging rate and record data every 10 seconds until the temperature falls back
below the high limit (or 85°F in this case). At that time, logging then resumes every 5 minutes at the normal logging
interval. Similarly, if the temperature falls to 30°F, for example, then the logger would switch to burst logging
mode again and record data every 10 seconds. Once the temperature rises back to 32°F, the logger will then return
to normal (fixed interval) mode, logging every 5 minutes.
Notes:

• Burst logging is not available if alarms have been enabled for the logger.
• The Stop Logging option "Never (wrap when full)" is not available when burst logging is configured.
• The actual values for the burst logging limits are set to the closest value supported by the logger. For
example, the closest value to 85°F that the logger can record is 84.990°F and the closest value to 32°F
is 32.043°F.

• Burst logging mode can begin or end when the sensor reading is within the logger specifications of
0.02°C resolution. This means the value that triggers burst logging may differ slightly than the value
entered. For example, if the High Limit for a temperature alarm is set to 75.999°F, burst logging can
start when the sensor reading is 75.994°F (which is within the 0.02°C resolution).

• Once the high or low condition clears, the logging interval time will be calculated using the last
recorded data point in burst logging mode, not the last data point recorded in normal or fixed interval
mode. For example, let's assume the logger has a 10-minute logging interval and logged a data point
at 9:05. Then, the high limit was surpassed and burst logging began at 9:06. Burst logging then
continued until 9:12, when the sensor reading fell back below the high limit. Now back in normal
(fixed interval) mode, the next logging interval will be 10 minutes from the last burst logging point, or
9:22 in this case. If burst logging had not occurred, the next data point would have been at 9:15.

• A New Interval event will appear on the plot (if you select events for plotting in the Plot Setup
window) each time the logger enters or exits burst logging mode.

• On thermocouple loggers, burst logging is only available on thermocouple channels and not on the
internal temperature channel.
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To set up burst logging:
1. If the Burst Logging window is not already open, select "Burst logging" from the Logging Mode dropdown menu in the Launch Logger window. Or, if Burst logging has already been configured, click the
Edit button.
2. Select the sensor you want to configure for burst logging.
3. Select the High Limit checkbox if you want to set up a condition in which burst logging will occur when
the sensor reading rises above the high limit value. Type in the value or drag the red upper slider.
4. Select the Low Limit checkbox if you want to set up a condition in which burst logging will occur when
the sensor reading falls below the low limit value. Type in the value or drag the blue lower slider.
In this example, both the high and low limits were selected. You may choose only one if you wish.

5. Set the burst logging interval, which must be less than the logging interval. Select either a preset burst
logging interval or select Custom and enter your own interval. Keep in mind that the more frequent
the burst logging rate, the greater the impact on battery life and the shorter the logging duration.
6. Click OK when done. This will return you to the Launch Logger window. Click the Edit button next to
Logging Mode in the Launch Logger window to make additional changes.
Once the logger is launched, the high and low burst logging levels are only checked when the logger's LCD screen
refreshes once every 15 seconds. Therefore, if you set the logging interval to less than 15 seconds and the sensor
reading falls outside the levels, the burst logging will not log until the next 15-second refresh cycle.
Important: If high and/or low limits have been configured for more than one sensor, then burst logging will begin
when any high or low condition goes out of range. Burst logging will not end until all conditions on all sensors are
back within normal range.

Carbon Dioxide Sensor Settings
The CO2 sensor in the HOBO MX CO2 logger (MX1102) requires altitude compensation and regular calibration to
ensure accurate readings are being taken in the location where it is deployed. Both auto and manual calibration
are selected by default when first configuring the logger. Altitude compensation should be used if you are
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monitoring CO2 at elevations above or below 305 meters (1,000 feet). A manual calibration immediately after
logging begins is recommended for best accuracy.
The following CO2 settings are available:
•

Use manual calibration. Manual calibration is the best way to calibrate your logger. Select this option if
you want to manually calibrate the logger to 400 ppm using the Calibrate button on the logger. This
requires taking the logger outside in fresh air on a dry day or to an indoor location that is unoccupied and
has no connection to a ventilation system for five minutes on a regular basis. This is recommended if the
logger is deployed in a building that is always occupied, if you want the logger to be calibrated more
frequently than every eight days (the normal auto calibration schedule), or if you want to calibrate the
logger immediately after logging begins. Note: Once a manual calibration is performed, the 24-hour auto
calibration is canceled and an auto calibration will be performed eight days from the time the manual
calibration occurred. (Relaunching the logger resets the 24-hour/8-day auto calibration routine).

•

Use auto calibration. Select this option if you want the logger to automatically calibrate within the first 24
hours after logging begins and then every eight days thereafter. The logger will be calibrated based on the
average of the three CO2 measurements that follow the lowest CO2 value identified during the 24-hour or
8-day time period as applicable. Important: Accurate auto calibration requires the building or location
where the logger is deployed to be empty at least once during the eight-day period (for example, an
empty office building during the weekend or overnight will typically have background CO2 levels of 400 to
450 ppm).
If the logger is deployed in an area where the CO2 level does not go down to 400 ppm during the eightday time period, then manual calibration should be performed regularly instead or inaccurate CO2
readings will be reported. If you plan on using auto calibration but the building will be occupied during the
first day after logging begins, then you can use the manual calibration option as well. You can manually
calibrate the logger immediately after logging begins and use auto calibration thereafter. Note: Every time
the logger is launched, auto calibration will occur after 24 hours and then again after eight days unless a
manual calibration is performed first.

•

Use Carbon Dioxide sensor altitude compensation. Select this option if the logger is deployed at a
location above or below 305 meters (1,000 feet). Type the altitude above or below sea level in either
meters or feet. In normal use, the CO2 measurement will vary by approximately 0.135% of the reading for
each mbar change in barometric pressure (the sensor is calibrated at 1,013 mbar). Use altitude
compensation when deploying the logger for the best CO2 accuracy possible.

After you have selected the carbon dioxide sensor settings, click Save. The settings will take effect once the logger
is launched.
Notes:
•

If both auto calibration and manual calibration are selected, the logger will automatically calibrate within
24 hours after logging begins unless a manual calibration occurs during that time period. In addition,
when both calibration settings are selected, the eight-day calibration cycle will be reset any time a manual
calibration is performed.

•

When the logger is calibrated, a Manual Calibration or Automatic Calibration event is logged and available
in the data file for plotting with a date and time stamp of when the calibration took place.
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How to manually calibrate the logger:
1.

Take the logger outside in fresh air on a dry day where the carbon dioxide level is 400 ppm. You can also
use an indoor location for manual calibration if it is unoccupied and is not exposed to a ventilation
system.

2.

Press the Calibrate button on the logger for 5 seconds until it beeps. The logger will then calibrate for 5
minutes. The CO2 and Calibrate symbols on the LCD will flash while the calibration is underway. A timeand date-stamped manual calibration event is logged in the data at the end of the 5-minute calibration
sequence.

3.

Once the Calibration process is complete, return the logger to its deployment location. Repeat this
process at least once every eight days for best accuracy.

For information about launching the logger, see Launch Options for the HOBO MX CO2 Logger (MX1102).
For specifications and complete logger information, including additional details on calibration, refer to the product
manual at www.onsetcomp.com/manual/mx1102.

Checking Device Status
The Status window displays real-time information about the attached logger, including the current state of the
logger, logging start time, current readings, and memory used. You can check the status for a logger whether it is
waiting for logging to begin, actively logging (unless it is logging at a fast logging interval), or stopped.
To check the status of a logger:

ͳǤ Connect the logger to the computer.
ʹǤ Click the Status icon

on the toolbar, or select Status from the Device menu. You can also check
the status by clicking the Status button on the Launch window, but this will show details from the
previous launch.

This is an example of the Status window. The information displayed varies depending on the logger that is
connected. See Status window for details on the type of information displayed.
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Important: Battery power is drained more rapidly while checking status. Keep this in mind when frequently
checking status during a deployment. You can significantly reduce the demand on the battery by adjusting the
Screen Refresh Interval to five seconds or higher (not available on all loggers).

The Status Window
The Status window displays the current status of the logger. If you clicked Status from the Launch Logger window,
then details from the previous launch is displayed. The Status window is divided into three panes: Device
Identification, Device Details, and Current Readings.

Device Identification
The Device Identification pane shows the logger selected for status. It lists the device name and model number,
description entered when the logger was last launched (which is also used as the default file name and title in the
plot), serial number, and firmware number.

Device Details
The Device Details pane shows detailed information about the logger deployment including the following items.
Note that not all of these items are displayed for every logger model.

• Battery Level/Battery State. This is the condition of the battery. Consult the logger documentation
for specifics on battery capacity.

• Memory Used. This is the percentage of logger memory used so far in the deployment. Consult the
logger documentation for specifics on memory capacity. Note that if the battery died during logging,
the Memory Used will be 100% even if only a small amount of the memory was used.

• Stops Logging. This displays the date/time or the condition under which the logger will stop logging.
• Last Launched. This is the date and time, including the offset to Greenwich Mean Time (GMT), when
the logger was last launched. This is not necessarily the time when the first sample was recorded; it is
the time all the launch settings were loaded in the logger.

• Delayed Start (if applicable). If the logger has been launched, but is waiting to start on a particular
date/time or at the next interval, the scheduled start time is shown here in local time.

• Deployment Number. This is the number of times the logger has been launched, including the most
recent launch.

• Logging Interval (if applicable). This is the rate at which the logger was set up to record data. If
multiple logging intervals are available, the interval currently in use (if the logger is logging) will be
shown in bold.

• Sampling Interval (if applicable). This is the rate at which sensors are sampling data in between
the logging interval.

• DO Sensor Cap Information (HOBO U26 Dissolved Oxygen logger only). For HOBO U26
Dissolved Oxygen loggers, the DO sensor cap expiration date, initialization date, and manufactured
date is shown. For more details about the DO sensor cap, see Checking Dates for the HOBO U26
Dissolved Oxygen Logger Sensor Cap.

• Current Status. This is a message that describes the state of the logger. Messages include:
 Awaiting Button/Coupler Start. The logger has been launched with a coupler or push button start
(if available). Press and hold down the button on the logger for three seconds to begin logging, or
follow the instructions that came with your logger if it offers a triggered (coupler) start but does
not have a button.
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 Awaiting Delayed Start. The logger will begin recording data at a specific time because the logger
was configured to start on a specific date/time or at the next interval.

 Launched, Logging. The logger has been launched is actively recording data.
 Logger Is Full. The logger has reached its memory capacity and is no longer recording data.
 Logger Is Stopped. The logger is not logging, is not full, and is not awaiting a start.
 On Hold for Later Launch. The logger has been launched with a Save Settings start (if available).
Logging is not scheduled to begin, but the launch settings have been entered and saved.

 Relay is open/Relay is closed. For the HOBO U30 Station, the current state of the relay is also
displayed.

• Current States, if applicable. This is the current condition of the logger button(s). Refer to the
logger documentation for details on logger operation, buttons, and interval events.

Current Readings
The Current Readings pane lists the latest measurement for each data series. Sensors that measure state changes
do not show current readings. To change the order of series displayed in the Status window, go to the Preferences
and select Display and then Series.
You can also set the Screen Refresh Interval for some loggers. This is the frequency the current readings are
updated, up to 3,600 seconds (one hour). A higher number results in less drain on the logger's battery.
A Contact HOBOlink button also appears at the bottom of the Status window for the HOBO U30 Station only. Click
this button when you want the HOBO U30 Station to connect to HOBOlink. When you click Contact HOBOlink, a
confirmation message is displayed. Once you click Yes, the Status screen will close and then the HOBO U30 Station
will attempt to connect to HOBOlink within 30 seconds. A warning may appear in the event that a live connection
with HOBOlink is already underway.
Notes:

• Readings are displayed for all available sensors, even if they are not being logged. Sensors not being
logged are dimmed.

• If a logger has channels for external sensors, a description and reading will be given for the external
channels even if no sensors are plugged in.

• For event loggers, the event count displayed in Current Readings will always start at zero, even if many
events have already been logged.

• Sensor labels (if applicable) are displayed following the sensor name.
• For station loggers, the location (if defined) is displayed next to the reading.
• If a HOBO U30 Station has an Analog Sensor Port, readings for one or both channels are displayed.
• When a Station logger is logging, the last sample taken by the logger at the last interval will be
displayed.

• The RSSI (Signal Level) is displayed for the HOBO U30/GSM Station. This helps you determine if there
is enough signal strength in the current location for the HOBO U30 Station to contact a cellular tower
for connecting with HOBOlink. Signal level is measured on a scale of 0 to 10, with 0 being no signal, 1
being a weak signal, and 10 being a strong signal

• Battery voltage is displayed for some loggers.
• For acceleration loggers only, color-coded tilt meters display X, Y, and Z-axis tilt graphically (relative to
vertical, assuming that the only acceleration force on the logger is gravity).
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Stopping a Device
A logger automatically stops recording data when the memory is full (unless it has been configured to never stop
logging) or when the battery runs down. Depending on the launch settings selected, you can also press the
Start/Stop Logging button to stop logging on certain logger models. In addition, you can use HOBOware to stop the
logger manually at any time.
To stop a logger:
1. Connect the logger to the computer.
2. Click the Stop icon

on the toolbar, or select Stop from the Device menu.

After the logger has been stopped, the data remains in the logger until the next launch. Be sure to read out the
logger before setting up the next launch.
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Chapter 3
Reading Out, Plotting, and Analyzing Data
After a logger has recorded data, you can then do the following:

• Read out the data from the logger
• Plot the data
• Modify the plot if desired
• Use Data Assistants
• Export the data
• Import data

Reading Out Data
To retrieve data recorded by a logger, you must read out the logger. Reading out the logger copies data from the
logger to your computer, allowing you to save the data and plot it. During readout, the logger continues to record
data unless you have stopped it or it is full.
You can also read out many logger types to a shuttle and then offload the datafiles from the shuttle to your
computer. See Offloading and Saving Shuttle Files for more details.
To read out a logger to the computer:
1. Connect the logger to the computer.
on the toolbar or select Readout from the Device menu. If the logger is still
2. Click the Readout icon
logging, confirm whether to stop the logger. Click either Don't Stop or Stop as desired.
3. A progress bar displays while the data is being read out. Once the readout is complete, choose a
location and/or a new filename or accept the default location and name to save the data. The default
location is:

• C:\Documents and Settings\<user>\My Documents\HOBOware
(for Windows XP)

• C:\Users\<user>\Documents\HOBOware
(for Windows 7, Windows 8, or Windows 10)

• Users/<user>/Documents/HOBOware
(for Macintosh OS X)
If you save the file to a different folder, that folder will be the new default save location for future
readouts.
4. Click Save. Most datafiles have a .hobo extension, but station loggers have a .dtf extension. If you are
using HOBOware Pro in secure mode, the file extensions will be .hsec (U-Series loggers) or .dsec
(Station loggers).
5. After saving the data, select the sensors and/or events you wish to display in a graph and click Plot.
See Plotting Data for more details on the options available when plotting.
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Notes:

• If you elected to not save the data upon reading out, you can still plot the data. However, this plotted
data will not be saved automatically. You will be prompted to save the datafile upon closing the plot if
desired. Or, select Save Datafile from the File menu if you now want to save the data.

• Once a logger is read out, the data will remain in the logger memory until the next time the logger is
launched. Logger memory will automatically be erased once the logger is launched again.

• You can read out some U-Series loggers when the batteries are low if the logger can be powered by a
USB cable. In this case, a warning appears before the readout begins indicating the battery is very low
and that you may experience communications problems. Once the readout is complete, be sure to
replace the batteries as suggested.

• You can bypass the Save window during the readout process by setting the Readout Time-Saving
Options in the General subcategory of Preferences.

Plotting Data
After you read out a logger or open a saved file, you can plot the data with the Plot Setup window like the
following example.

To plot the data:
1. Use the existing description or type a new one. The default description matches the one used when
launching the logger and will be used for the plot title.
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2. Select the series you wish to view on the plot. Click the All or None button to select or deselect all
series, or click the checkboxes to select or deselect individual series. Series types can include:

• Logged data series, which is a series containing the sensor measurements, state changes, or
statistics (select loggers only) recorded by the logger.

• Derived series, which is a series calculated based on one or more logged data series. This could
be an automatically generated series for a measurement type, such as Dew Point when
temperature and RH is logged. Or, it could be a filtered or scaled series if you configured a
filters or scaling with a data assistant in the Launch Logger window (select loggers only).

• Battery voltage, which lists the logger battery voltage recorded at each logging interval.
3. Change the default units for selected series if desired. You can also change the units for a series after
it is plotted.
4. Select the internal logger events to view on the plot. Click the All or None button to select or deselect
all events, or click the checkboxes to select or deselect individual events. Internal logger events are
individually logged occurrences that can be recorded at any time during deployment, regardless of the
logging interval. These events can include started or stopped logging, low battery, or an alarm trip.
Refer to the logger manual for a complete list of internal events if applicable.
5. Adjust the time zone offset, if necessary. By default, data is shown in the offset used to launch the
logger with HOBOware (not a shuttle). To select a different offset, enter the hours offset from GMT
(UTC) in decimal form. You may find this useful if you logged in multiple time zones, or if you took the
logger to a different time zone after launching it.
6. If data assistants are available, you can use them to create additional series. Select an assistant from
the list and click Process to create a new series.
7. Click the Plot button to generate a plot. The plot is drawn and includes a title, a time axis (x-axis), one
or more value axes (y-axis), and a legend. The data for each series are listed in a points table above
the plot. Details about each series, such as the type of logger and deployment information are listed in
the Details pane to the left of the plot. You can show or hide these elements using the View menu. To
organize several plots, use the Window menu to switch between Tabbed View, Tile Horizontally, or
Tile Vertically.
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Notes:

• To change the order of series displayed in the Plot Setup window, open the Preferences, select Display
and then Series.

• To change the series and events that are selected by default in the Plot Setup window or to control
whether four possible Light/Occupancy series are derived on supported loggers, open the
Preferences, select Plotting and then Plot Setup.

• To bypass the Plot Setup window when opening a datafile, open the Preferences, select General and
then select Open File Time-Saving Options.

• If a pie chart icon appears in the Plot Setup window, this means the data in the file you are plotting
can also be plotted in a pie chart. See Viewing a Pie Chart for more details.

• On some loggers, the Started and Stopped internal events can only occur once. However, UX100 series
loggers can start and stop logging multiple times in a single deployment (as configured in the Launch
Logger window). Multiple stopped and started events in a single file are not only displayed on the plot
if selected in the Plot Setup window, but the resulting gap that occurs in the data is also represented
in the series. In this example, the logger was stopped at 1:19 and then started again at 2:35; both
events are on the plot. The temperature series shows a break between those two times. That
represents the gap between when logging was stopped and when it resumed, both using the button
on the logger.

Opening Files
HOBOware can open .hobo files from HOBO data loggers, .hproj HOBOware project files, and .dtf files from the
HOBO U30 Station, Weather Station, Micro Station, or Energy Logger. The following files can be opened by
HOBOware Pro:

• .hsec, which are secure files (21 CFR Part 11 Conformance) from U-Series loggers.
• .hproj, which is HOBOware Project file.
• ..dsec, which are secure files (21 CFR Part 11 Conformance) from Station loggers.

1-800-LOGGERS

61

www.onsetcomp.com

HOBOware User’s Guide

• .txt, .csv, and most ASCII files can be imported.
To open a file:

ͳǤ Double-click a compatible file from Windows Explorer or Mac Finder. Or in HOBOware, click the Open
icon

on the toolbar or select Open Datafile from the File menu.

ʹǤ Select one or more files and click Open.
͵Ǥ Select the series and/or events you wish to view in the plot and click the Plot button. If you selected
multiple files to open, you will be prompted with a Plot Setup window for each file (unless you have
set the preference to automatically plot data as described in General Preferences).
To open a project file:

ͳǤ From the File menu, select Open Project.
ʹǤ Select a project (.hproj) file and click Open.
Recently opened files are listed in the File menu. From the File menu, select Recent Files and then choose the file
you wish to open. To empty the recent file list, select Recent Files from the File menu and then select Clear Recent
Files.

Opening Files from Unsupported Loggers
Although the following loggers cannot be launched or read out using HOBOware, datafiles from these loggers can
be opened and plotted. All graphing tools, filters, and Data Assistants can be used with the files and data can be
exported to text and project files.

H08 (8-bit)
•
•
•
•
•
•

H08-001-04
H08-002-04
H08-003-04
H08-004-04
H08-006-04
H08-008-04

TBI/WTA
• TBI32-05+37
• TBI32-20+50
• WTA08-05+37
• WTA08-39+75
• WTA32-05+37
• WTA32-39+75
H08 (12-bit)
• H08-030-08
• H08-031-08
• H08-032-08
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H20
• H20-001
H06
• H06-001-02
• H06-002-02
• H06-003-02
• H06-004-02
H07
• H07-001-02
• H07-001-04
H14
• H14-001
• H14-002
H12
• H12-001
• H12-002
• H12-003

Working with Plots
There are several tools available for working with plots.

Tools
There are five tools available on the toolbar for viewing the plot and isolating data.

• Use the Arrow tool to point to and select items on the graph to edit their properties (through a rightclick menu).

• Use the Crosshair tool to zero in on a specific date and time in the plot and any data points associated
with that date and time. Click the Crosshair icon and then place your cursor anywhere on the plot to
draw a red vertical line at a particular point.

• Use the Hand Drag tool to move different areas of the graph into view (panning) or adjust the position
of one series so it can be viewed more easily. This is particularly useful when you are zoomed into the
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graph and want to see another section of the graph without zooming out and then zooming back in on
the new location.

• Use the Zoom tool to focus on one area of the graph, allowing you to see more detail.
• Use the Subset Statistics tool to view statistics for a particular time span (HOBOware Pro only).
Actions
Use the Actions buttons on the toolbar to perform a number of actions on a plot or a series.

• Use the Zoom In/Zoom Out buttons to keep the plot centered as you zoom.
• Click the Grow Graph at Full Scale button to return to the original, full-scale version of the plot when
the datafile was first opened.

• Click the Open Properties button to open the properties window the plot element that is currently
selected, such as axis, series, legend, or title.

• Use the Gridline buttons to toggle all horizontal or vertical gridlines on and off. You can also toggle
gridlines on and off for each axis individually. Using the arrow tool, double-click an axis to get the Axis
Properties window. Select or deselect the Show Gridlines checkbox to toggle the gridlines for that
axis.

• Click the Point Markers button to toggle the point markers for all series on and off. To show or hide
markers for an individual series, right-click the series to open the Series Properties window. Select or
deselect the Mark Points checkbox to toggle the markers for that series.

• Click the Convert Units button to open the Convert Plot window, which allows you to convert the units
on certain series on the plot to other units (for example, from degrees Fahrenheit to degrees Celsius).

• Click the Filter Series button the Filter Series window, which allows you to add a statistical series to
the plot.

• Click the Pie Charts button if a pie chart is available for the plot (only available on loggers that support
state series)

• Click the Add Graph Label button to open the Graph Label Properties window.
Menus
Use the Edit and View menus to access various controls when working with a plot. You can also right-click an
element in the plot to access many of the same options available from the Edit and View menu and to open
properties windows.

Using the Arrow Tool
Use the Arrow tool to select items on the plot. Click the Arrow icon
tool.
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If you are currently using another tool and do not want to switch tools, press N on your keyboard to select each
graph item (including hidden items, such as value axes for states or events) in sequence.
The selected item (if visible) is shaded or boxed. You can then right-click the selected item, double-click it, or press
the Enter key on your keyboard to open the Properties window for that item.
To deselect, click an area within the axes that does not have series data. Click the View menu and choose Select
None or press D.

Using the Crosshair Tool
Use the crosshair tool to zero in on a specific date and time in the plot and any data points associated with that
date and time. To use the crosshair:
1. Click the Crosshair icon

on the toolbar or press C.

2. Click a point on the graph to mark it.
3. Click another point to move the marker.
When you click on a graph, the nearest data point is selected. When series are very close together and the location
you click is between two points, it is possible that the nearest point is not on the series you clicked.
You can also mark the point on the graph by clicking the corresponding cell in the Points table. If you are zoomed
in and click a point in the Points table that is outside the zoom area, the plot will scroll to that area of the graph. To
prevent scrolling in this situation, go to the Preferences, select Plotting and then Points Table & Details Pane.
Deselect the "When selected value in table is out of plot range, drag series to that value.
The plot changes in several ways when the crosshair is in use. The Points table shifts to the row that contains the
data point. Where the crosshair intersects a data point, a square surrounds the data point. The intersection points
are also marked by small color-coded arrows on the left and right value axes.
If the legend is displayed next to the graph, the point values for each series are updated to reflect the crosshair
location. Values are listed in the legend differently depending on whether the data is a logged sample, state, or
event:

• Values that are not in parentheses are actual data points logged at the time selected by the crosshair.
• Values in parentheses are estimated because there were no exact values for the series at the time
selected by the crosshair. Zoom in or move the crosshair to see actual values.

• A value of "…" indicates that there is no series data during the time selected. This is seen most
frequently for events. If the time selection falls within an event series, but does not contain an event,
parentheses surround the "…" value.

• A value of "logged" indicates an internal logger event happened at the selected time.
The legend must expand in height to list the point values. If your application window is too small to accommodate
the expanded height, the values will not be added to the legend. You can still refer to the Points table to find the
values of the selected points.
To remove the crosshair from the graph, right-click the plot and select Remove Crosshair or choose remove
Crosshair from the View menu.

Zooming, Panning, and Smart Scaling Plots
You can adjust the viewing area of the plot by zooming, panning, and smart scaling.
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Zooming
There are two ways to zoom: either by using the zoom tool

(or pressing Z) or by selecting Zoom In

or Zoom

from the toolbar or the View menu. Use the zoom tool to zoom anywhere on the plot that you select,
Out
clicking the right-mouse button to zoom in or out. Use the Zoom In/Zoom Out icons to keep the plot centered as
you zoom.
When zooming:

• Right-click to toggle between zoom in and zoom out.
• Check the symbol inside the zoom tool to determine the direction you are zooming. A plus sign (+) or
arrows pointing outward will zoom in, while a minus sign (-) or arrows pointing in will zoom out.

• Click an area on the graph inside the axes to zoom one level (a factor of two). Continue clicking to
zoom multiple levels.

• Hold down the left mouse button in one location to zoom continuously. Release the mouse button to
stop zooming.

• Hold down the left mouse button while drawing a rectangle around the area you wish to zoom in on,
then click inside the rectangle. The area inside the rectangle expands to fill the whole graph.

• To constrain the zoom to horizontal or vertical zooming, place the cursor over the axis you want to
zoom and click the mouse button. Hold the mouse button down to continue to zoom. Or, press the X
key while zooming to restrict motion horizontally and press the Y key while zooming to restrict motion
vertically.

• If you are currently working with the crosshair, arrow, or hand tool, you can click the Zoom In/Out
icons on the toolbar to quickly zoom into and out of the middle of the display without changing tools.

• Zooming will not work on an axis that is locked. To unlock an axis, double-click the axis with the arrow
tool and deselect the Lock Axis Scaling and Tick Marks in the Axis Properties window.

Panning
Use the hand drag tool
or press H to pan the graph, which is dragging the plot viewing area along the x- or yaxis. Panning is especially helpful when you are zoomed into a detailed plot and want to focus on a different area
without zooming out. Click within the graph and hold down the left mouse button to pan a different section of the
graph into view. The graph follows the movement of the mouse, and the axes are continuously updated in
response to the movement. To stop dragging, release the left mouse button.
To limit dragging to horizontal or vertical panning, place the cursor over the axis you want to drag, hold down the
mouse button, and drag in the direction you want the plot to move. Or, press the X key will dragging to restrict
motion horizontally and press the Y key while dragging to restrict motion vertically. Similarly, click the axis
associated with a series and hold down the left mouse button. Only the series connected with the axis will follow
the movement of the mouse.
Use the hand tool to move different areas of the graph into view or adjust the position of one series so it can be
viewed more easily. This is particularly useful when you are zoomed into the graph and want to see another
section of the graph without zooming out and then zooming back in on the new location.
Panning will not work on an axis that is locked. To unlock an axis, double-click the axis with the arrow tool and
deselect the Lock Axis Scaling and Tick Marks in the Axis Properties window.

Smart Scaling
When you first display a graph, the numerical bounds of the axes are on tick marks. After you have panned or
zoomed, this may no longer be the case. Use smart scaling to correct that. With the hand drag, arrow, or crosshair
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tool, right-click anywhere on the graph and select SmartScale Graph. This will automatically adjust the axes to end
on tick marks.
Note: You can always return to the original plot view by clicking the View at Full Scale
View menu.

from the toolbar or the

Copying Data Points and the Plot
To copy the data points from the Points Table to paste into other software:
1. Select the data you wish to copy in the Points Table.
2. Press Ctrl+C in Windows or Command-C in Macintosh to copy the data.
Windows: press Ctrl + C
Mac: press Command - C
3. Open any text editor, word processor, or spreadsheet software.
4. Press Ctrl+V in Windows or Command-V in Macintosh to paste the data into the other application.
Fields are delimited by tabs, and records are separated by paragraph returns.
You can also copy the plot as a bitmap for pasting into other programs and documents. To copy the plot:
1. From the Edit menu, select Copy Graph to Clipboard.
2. Go to the other application and paste the plot.

Closing a Plot
To close a single plot, click the
on the tab or toolbar, or choose Close from the File menu. On Macintosh, click
the red button in the upper-left corner of the internal frame containing the plot when in Tabbed View. To close all
open plots, select Close All from the File menu.
Important: Any changes you made to the plot are not saved when you close the datafile. You must save the plot as
a project file to preserve the changes. Either select Save Project from the File menu before closing the plot or close
the file and click Save when prompted. If you only want to save an image of the plot, you can paste a bitmap of the
graph into another program and save it there.
Note: If you do not want HOBOware to prompt you to save the plot as a project file when you close it, open the
Preferences. Select Warnings and then select General. Deselect the "Prompt me if there is any remaining unsaved
data when closing plot or application" checkbox.

Viewing a Pie Chart
Pie charts are available in HOBOware Pro for plotted state series, such as those from the UX90 data loggers. This
provides you with a graphical representation of the data for viewing, saving, and printing in addition to the default
line graph. This is particularly useful for the UX90 Occupancy/Light Data Logger (UX90-005x/-006x) because it
allows you to quickly compare when the:

• Lights were on and the room was unoccupied
• Lights were on and the room was unoccupied
• Lights were off and the room was occupied
• Lights were off and the room was unoccupied
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To view a pie chart:
1. Open a file from a logger with state series and plot the state series and derived series (as applicable)
that you want to view in the pie chart. Note that a pie chart icon appears in the Plot Setup window if
the file you are opening can be plotted in pie chart.
2. Click the Pie Chart button on the toolbar.

3. A pie chart is drawn based on the selected series. In this example, light & occupancy are plotted in the
pie chart. The legend at the bottom of the chart indicates what series each piece of the pie
represents. Percentages for each pie wedge are shown in the yellow boxes.

• To change the series used to generate the pie chart, click the "Select a Series" drop-down
arrow and then click the Update Chart button.

• To change the timeframe used to create the pie chart, change the Start and End Date/Time as
necessary and then click the Update Chart button.

• To reset the pie chart to use the Start and End Date/Time for the current selected series, click
the Reset/Show at Full Scale

button.

• To save the pie chart as an image (.png file), click the Save
• To print the pie chart, click the Print
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4. When you are done viewing pie charts, click the Close

button.

Notes:

• The pie chart button on the toolbar will only be enabled when one or more state series is plotted. If
you have plotted data and the pie chart button is not enabled as expected, close the plot. Reopen the
file and make sure you select the state series from the Plot Setup window. Note that if the sensor
channels were configured as runtime instead of state, then pie charts will not be available.

• If you merge datafiles, pie charts may not function properly if the time overlaps between merged
series. If you are having difficulty viewing a pie chart for a merged file, try returning to the original
separate files to view the individual pie charts from each file.

• If you are working with a plot that has two series, such as Light and Occupancy and you crop one of
those series, the time range for the pie chart data will be constrained to the shorter of the two series.

• If you paste a new state series into the plot, it will also be available from the Select a Series pull-down
list. You will need to select the series to view it in a pie chart; it will not display automatically.

Printing Plot Elements
Printing a Graph
You can simply print the graph, or you can set up the page and preview it before printing.
To set up the paper for printing the graph:
1. From the File menu, choose Page Setup.
2. Change the paper type, orientation, and margins as necessary and click OK.
3. From the File menu, choose Print Preview.
4. Zoom as necessary.
5. Click the Print icon
without printing.

to print directly from Print Preview. Or, click Close to exit the preview window

To print the graph:
1. From the File menu, select Print or click the Print icon

on the toolbar.

2. Select the appropriate printer, if applicable, and click OK.

Printing Points and Details
You can print all the data in the Points or Details panes. From the File menu, select Print Points (available only with
Java 1.5 or higher) or Print Details.
If you highlight a selection of points with your mouse before choosing Print Points, you will also be given the
option to print only the selected points.
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Chapter 4
Modifying a Plot
Once data is plotted, there are many things you can do to further refine the plot. This includes:

• Setting Properties for Plot Elements
• Adding a Graph Label
• Selecting a Subset of the Plot (Subset Statistics Tool)
• Moving a Series from Front to Back on a Plot
• Filtering a Series
• Cropping a Series
• Hiding/Showing or Removing a Series from the Plot
• Copying a Series to Another Plot
• Merging Files
• Converting Units
• Undoing or Redoing Plot Changes
• Saving Project Files

Setting Properties for Plot Elements
You can set the properties for all the plot elements, including the axes, series, title, and legend. You can access the
properties window for a plot element by selecting the Arrow tool and then right-clicking that element. Or, rightclick anywhere on the plot and select Other Graph Items and then choose a particular item.

• Setting Axis Properties
• Setting Series Properties
• Setting Legend Properties
• Setting Title Properties
• Setting View Properties
There are also plotting preferences that control the global properties for all plots. To modify these settings, open
the Preferences and select Plotting. With Plotting preferences, you can:

• Show or hide the Points table by default
• Show or hide the Details pane by default
• Include the sensor label in the Points table and Details pane by default
• Customize series lines for specific measurement types
• Set default minimum and maximum values for specific series types on the Value Axis
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• Enable auto-scrolling to keep marked points in view while zooming
• Automatically select all data series and/or events
• Automatically label the time axis
• Mark all points in a plot by default
• Include the sensor label in the legend
• Control whether horizontal and/or vertical gridlines are displayed automatically
• Set the font style and point size used in plots
• Enable or disable the undo/redo feature
You can also use the Display preferences to set the default unit types and date/time format.

Setting Axis Properties
You can change the appearance of the time axis (x axis) and the value axis (y axis) on the plot. You can customize
the axis name, change the location, bounds, tick marks, color, and more.
To change the axis properties:
1. Double-click the axis in the plot with the arrow tool, or select the axis and click the Properties icon
to open the Axis Properties window.

2. In the Name field, enter up to a 40-character name for the axis. The default name for a value axis is
the unit type (for example, "°F" is the name for a temperature axis and "%" is the name for an RH
axis). The time axis does not have a default name. To add "Time" as the default name for this axis,
open Preferences. Select Plotting and then select Other Options. Enable the "Label the time axis"
checkbox.
3. Change the location of the axis. The value axis can be located on the left or right while the time axis
can be located at the top or bottom
4. By default, tick marks are auto-calculated. Numbers or values are listed next to major tick marks and
minor tick marks are not numbered. To change the default tick marks, select Custom Tick Marks and
then choose the values for Major and Minor tick marks as desired.
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5. Change the default bounds used on each axis. For the time axis, select the dates and times you want
the axis to display. For the value axis, type the minimum and maximum value you want the axis to
display.
6. You can also modify the appearance of the axis with these options:

• Show Gridlines. This toggles whether gridlines are displayed in the background. Gridlines are
shown by default for the time axis, but not for the value axis.

• Hide Axis. This controls whether the axis is displayed or temporarily hidden.
• Lock Axis Scaling and Tick Marks. This controls whether the axis and associated tick marks
remain in their original position when zooming or navigating with the hand tool. Locking the
axis and tick marks helps to avoid inadvertently zooming or navigating to an area on the graph
without data.

• Color. Black is the default color for the time axis. The color of the value axis matches the series
color by default. You can change the color for either axis as desired.

Ǥ Click Apply to update the plot and keep the Axis Properties window open. Click Done to update the
plot and close the window.

Setting Series Properties
A series is the group of data points you selected to display in the plot. You can change the appearance of a series
on the plot including the line style, point marker, alarm values, associated axes, and color.
To change series properties:
1. Double-click the series you wish to modify or select the series and click the Properties icon
open the Series Properties window.

to

2. Change the default description. Type up to a 40-character name for the series. The series name will be
updated in the legend, series pane, and details pane to the new name you entered.

3. Change the default units. Enter a different unit type as needed. The unit type will be updated in the
legend, series pane, and details pane to the new unit type. Note that if you subsequently convert the
units while viewing the plot, your custom unit type will no longer be displayed. For example, let's say
you change the unit type for a temperature series from °F to "degrees." Then, while viewing the plot,
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you decide to convert the data points to Celsius. The unit type for the temperature series
automatically changes to °C instead of the custom "degrees" unit that you had entered.

4. Adjust the appearance of the lines with the following options:
• Connect Points. This controls whether the plotted data points in the series are connected with
a line.

• Style. This changes the appearance of the line used to connect the points in a series.
• Width. This changes the width of the line used to connect the points in a series.
• Connect as Steps. This controls whether the lines between the points in a series are connected
as a curve or a step. When this option is selected, the line drawn between points keeps the
value of the previous point until the next point in the series. Connecting as steps is useful
when plotting state or event series.
5. Set High Alarm and/or Low Alarm thresholds. Enabling alarms will show lines on the plot for the series
to indicate a visual threshold over or under which data may be falling (for example, if you want to
quickly see how many points fall below 32 degrees). Alarms are available for sensor measurement
series only, not for state or event series. Select the High Alarm checkbox and type a value relative to
the series where you want the maximum (red) alarm line to appear. Select the Low Alarm checkbox
and type a value relative to the series where you want the minimum (blue) alarm line to appear.
6. Select the Mark Points checkbox to add a marker for each data point in the series. To avoid cluttering
the plot, this option is only enabled by default for series with event data or that have only one data
point. If you enable Mark Points, you can change the shape of the marker and the point size.
7. You can also modify the following:

• Time Axis. This allows you to create an additional time axis for this series. This is useful for
comparing data from two different time periods.

• Value Axis. This changes the axis being used for the series. Choose one of the axes already in
view or select New Value Axis from the dropdown list to create your own.

• Color. This changes the color used for the series.
8. Click Apply to update the plot and keep the Series Properties window open. Click Done to update the
plot and close the window.

Setting Legend Properties
You can modify the Legend displayed on the plot. To change the Legend properties:
1. Double-click the Legend or right-click the plot with the arrow tool and select Other Graph Items >
Legend Properties.
2. In the Legend Properties window, type a name for the Legend if desired.
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3. Set the location to either the left or right of the plot.
4. Select the Show Border checkbox to have a box around the legend. Deselect this if you do not want
the box around the legend.
5. Click Apply to update the plot and keep the Legend Properties window open. Click Done to update the
plot and close the window.

Setting Title Properties
You can modify the title displayed on the plot. To change the Title properties:
1. Double-click the plot title or right-click the plot with the arrow tool and select Other Graph Items >
Title Properties.
2. In the Title Properties window, change the default name if desired. The name originated from the Plot
Setup window.

3. Set the location of the title to either the top or bottom of the plot.
4. Adjust the font, point size, and style.
5. Click Apply to update the plot and keep the Title Properties window open. Click Done to update the
plot and close the window.

Setting View Properties
You can show or hide certain plot elements. To change the View properties for the plot:
1. Right-click the plot and select View Properties.
2. In the View Properties window, select the Show Legend checkbox if you want the Legend to be
displayed on the plot. Deselect this checkbox if you do not want to see the Legend on the plot.

3. Select the Show Title checkbox if you want a title to be displayed on the plot. Deselect this checkbox if
you do not want to see a title.
4. Select the Show Border checkbox if you want a border to be drawn around the plot. Deselect this
checkbox if you do not want a border around the plot.
5. Click Apply to update the plot and keep the Title Properties window open. Click Done to update the
plot and close the window.
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Adding a Graph Label
You can add multiple labels to a graph to identify specific points or call attention to a region of the graph. To add a
graph label:
1. Right-click the graph at the desired location and choose Add Graph Label from the pop-up menu to
open the Graph Label Properties window. Or, select Add Graph Label from the Edit menu. Note: To
change an existing label, double-click the label or select the label and click the Properties
the toolbar.

icon on

2. Type up to a 24-character name for the label.
3. Select the Attach to Series checkbox to attach the label to a point on the series. Choose the name of
the series to attach it to from the drop-down list. Select the Include Data Value in Label checkbox to
display the value of the point in the label. Select the compass point to described the preferred
location of the label relative to the labeled point. Important: This indicates the preferred location of
the label (space permitting) with respect to the data point it references. This is only available when
the label is attached to a series.
4. Adjust the appearance of the label with these options:

• Draw Label Over Colored Background. Select this option if you want the label to appear in a
box with a colored background.

• Label Color Background. If you chose to give the label a colored background, click this button
to select a background color.

• Label Color Text. Click this button to select a color for the label text.
• % Transparency. Adjust the label's transparency, which refers to the ability to see the graph
through the label. At 0%, the label is opaque and you cannot see the graph through it. At
100%, the label is invisible and only the graph can be seen.

• Font. Select a font for the label text.
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• Font Size. Select a font size for the label text.
5. Click Apply to update the plot and keep the Graph Label Properties window open. Click Done to
update the plot and close the window.
to drag the label to another location if necessary. If the label is attached to a series, you can
Use the hand tool
drag the label to attach it to any other point on the graph. (The hand tool must be close enough to a point to
attach the label.) Labels that are attached to a point will move with that point during zooming and panning. Freefloating labels do not move during zooming and panning.
To delete a label from the graph, select the label you wish to remove and press the Delete key, or right-click the
label and choose Remove from the menu that appears.

Selecting a Subset of the Plot (Subset Statistics Tool)
The Subset Statistics tool allows you to select a subset, or a range of data, of a graph, and display the maximum,
minimum, average, and standard deviation for the measurements in that range (HOBOware Pro only).
To use the Subset Statistics tool:
1. Select the Subset Statistics tool
Statistics Tool icon

from the toolbar. The mouse cursor will change to the Subset

.

ʹǤ Draw the subset on the plot. With the left mouse button, click within the graph to define the start
time of the subset and drag to the right. Release the mouse button when you reach the end time of
the subset.
The graph subset appears in the graph and the subset statistics pane appears beneath the Details pane as in the
example below. Two black vertical indicators appear on the graph to show the range of the subset with date/time
labels marking the start and end of the range. To move the vertical indicators and date/time labels, press the up or
down arrow keys (make sure the Subset Statistics Tool is selected first).
A subset bar is added to the time axis. Double-click this bar to toggle between showing and hiding the vertical
indicators and date/time labels. If the plot has one than more time axis, this bar is attached to the one that was
created when you first displayed the plot. Click inside the subset bar to drag it to a different time axis.
To quickly adjust the start or end of the subset, click and drag the left or right end of the subset bar on the time
axis (make sure the Subset Statistics Tool is selected first). You can also use the arrow keys to move the left
boundary and Ctrl+arrow key (or Command-arrow key on Mac) to move the right boundary. Place the cursor in the
middle of the subset bar and drag it to move the entire range left or right.
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To further refine the subset range:
1. Click the checkmark icon

in the Subset Statistics pane.

2. The two checkboxes are enabled by default. Deselect "Show subset statistics for time bounds below"
if you want to remove the subset from the current time axis. Note that only one time axis can have a
subset. If you enable subset statistics for one time axis when another time axis already has a subset,
the other time axis's subset will be removed.
Deselect the "Show times, duration, & vertical indicators on graph" checkbox to toggle the display of
subset indicators and labels on the plot. If you disable this option, the Subset Statistics pane and the
shaded subset statistics bar on the time axis will still remain visible.
3. The easiest method to set a range for the subset is to indicate a fixed Start Date/Time or End
Date/Time and then indicate the duration. Alternatively, you can enter both a Start Date/Time or End
Date/Time without specifying a duration.
For example, to set a range beginning at 8:00 a.m. on 3/18/13 with a duration of 2 hours, set the Start
Date to 3/18/13 and the Start Time to 8:00:00.000 AM. Select the Anchor Start Point checkbox and set
the Duration to 2 hours as shown below.
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As another example, to set a range of 1 day ending at 10:00 PM on 3/18/13, set the End Date to
3/18/13 and the End Time to 10:00:00.000 PM. Select the Anchor End Point checkbox and set the
Duration to 1 day.

To remove the subset and related elements:

• Right-click the plot and select Remove Subset Stats,
• From the View menu, select Remove Subset Stats, or
• Click the X icon in the upper-right corner of the Subset Statistics pane.

Moving a Series from Front to Back on the Plot
You can shuffle the order of series by moving a series to the front or back on the plot. This is helpful if one series is
hidden behind another. It also changes the order of series in the Details pane, Points table, and the legend.
To change the order of the series:
1. Select the arrow tool

.

2. Select the series you wish to move.
3. Right-click and select either Bring Series to Front or Send Series to Back.

Filtering a Series
You can filter data from existing series in the plot to create a new statistical series showing calculated data such as
average, minimum, and maximum values over a specified period of time. This filter applies to existing data files
only; there is an additional filter tool available when launching most loggers.
To filter a series in a plot:
1. Select the series with the arrow tool
select Filter Series.
2.

, right-click it and select Filter Series. Or from the Edit menu,

Select the statistic to use for the filter and the interval. If you select an interval of week or month,
select "First data point" for the filter to start on the date and time of the first logged data point or
select the day of the week or month you want the filter to start (the filter will start at midnight on the
day selected). In the following example, "Maximum Temp" in each month is selected starting with the
first data point. Note that the options available vary depending on the series type.
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3. Type a Resultant Series Name or use the default name entered based on the filter type.
4. Click OK. The new series is added to the graph, the Details pane, and the Points table. Note that when
you apply a filter, the graph rescales to accommodate all the displayed data.

Cropping a Series
You can crop one or more series in a plot to focus on a particular date/time range instead of the default range in
HOBOware Pro. To crop a series:
1. With the arrow tool , right-click the series you wish to plot and select Crop Series. To crop multiple
series, right-click anywhere in the plot (without a series selected).
2. In the Crop Series window, make sure the series you want to crop is selected. Deselect any series you
do not want to crop.

3. Enter the new Start Date/Time and End Date/Time for the series. The boundaries are limited to the
minimum and maximum date/time of the Time Axis. If subset statistics have been added to the plot,
the start and end points on the subset will be redefined automatically based on how it is affected by
cropping.
4. Click the Crop button. The plot displays the cropped series. The Details pane and Points table are both
updated to reflect the new cropped series.

Hiding/Showing or Removing a Series from a Plot
You can hide or show a series in the plot and in the Points table. This is helpful if the datafile contains multiple
series and you cannot easily view them all together. You can then show or hide each series as you wish.
You can hide a series by:
• Right-clicking the series in the Details pane and selecting Hide Series.
• Selecting the series and then selecting Hide Series from the Edit menu.
• Selecting the series, right-clicking the plot, and then selecting Hide Series.
Press and hold the Shift key while hiding the series to prevent the plot from rescaling.
Once a series is hidden, it is grayed out in the Details pane. You can show the series again by:
• Right-clicking the series in the Details pane and selecting Show Series.
• Selecting the series in the Details pane and then selecting Show Series from the Edit menu.
• Selecting the series in the Details pane, right-clicking the plot, and then selecting Show Series.
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To show all previously hidden series, right-click a series in the Details pane, right-click the Plot, or select the Edit
menu and then select Show All Hidden Series.
You can also completely remove a series from the Details pane as well as the plot and the Points table. If you
remove a series, it can only be recovered by reopening the original datafile or a saved project file that contains
that series. To remove a series:
from the toolbar.

1.

Select the arrow tool

2.

Click the series you wish to remove and press the Delete key or select Remove from the Edit menu.
You can also right-click the series in the plot and click Remove or right-click the series in the Details
pane and select Remove Series.

Copying a Series to Another Plot
To copy a series from one plot to another:
1. Open the source plot (the plot that includes the series you want to copy) and the destination plot (the
plot where you want to paste the series).
2. In the source plot, choose the arrow tool and select the series you want to copy. From the Edit
menu, select Copy Series or right-click the series and select Copy Series. Or, press Ctrl+C on Windows
or Command-V on Macintosh.
3. Switch to the destination plot. From the Edit menu, select Paste Series or right-click the plot with the
arrow tool and select Paste Series. Or, press Ctrl+V on Windows or Command-V on Macintosh.
The new series is added to the graph, the Details pane, and the Points pane.

Overlaying Series
If the series you want to copy to the plot was logged at a different time, you will need to make some adjustments
to the plot in order to view the series together.
1. Display the source plot(s) and the destination plot.
2. On the destination plot, choose the arrow tool
3. Double-click the time axis to access the Axis Properties window.
4.

In the Axis Properties window, time a unique name in the Name field and click Done.

5. Copy a series from a source plot (right-click the series and select Copy Series).
6. Paste the series into the destination plot (from the Edit menu, select Paste Series).
7. Double-click the new time axis for the pasted series to open the Axis Properties window.
8.

Type a unique name in the Name field, different than the name used in step 4, and click Done.

9. Repeat steps 5 through 8 for each series you want to paste.
10. Identify the periods of interest in each series you want to combine and note the times for each. Also,
determine which period is the longest; this should be the length of time shown on each axis.
11. Double-click a time axis and adjust its Min and Max bounds. The new bounds should include the
period of interest for the series, and be the same length as the longest period identified in the original
time axis in the destination plot. Repeat for each time axis.
12. Use the hand tool
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Merging Files
This feature allows you to combine multiple datafiles one file. Note that only series of the same type and name can
be merged and there cannot be an overlap in the time in the series.
1. Open the first file (oldest).
2. From the File menu, select Merge Datafile(s).
3. Select the datafiles you want to merge and click Open.
4. Select the series to plot. All series available in the selected datafiles are listed in the Select Series to
Plot section. Click the checkbox to add or remove series as necessary, or select the All or None
buttons in that section to select all series or no series accordingly.

5. All matching series available in the selected series will be populated with the corresponding series
listed in the Merge With column. Each new series can only be merged with the series of the same
measurement type and units. If no matching series is available in the plot, the Merge With column will
display No Series for that series. If a matching series is found, you can still append the series without
merging by choosing No Series from the corresponding drop-down list in the Merge With column. The
series will be appended to the plot without being merged with any series.
6. Select any internal logger events to plot, if applicable. Click the checkbox to add or remove each event
as necessary, or select the All or None buttons in that section to select all events or no events
accordingly.
7. Click the Plot button to merge the selected series with their matching series. Save the new plot as a
project file if desired.
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There will be a gap between the last sample in the older series and the first sample in the next series as shown
here in both the Temperature and RH series.

After the series have been merged, the Details Pane will be regenerated and the Series Statistics will be
recalculated. The Points Table will be regenerated and will show samples of both series in one column. The new
logger information is added to the Details Pane, showing the specific information about the different loggers that
collected the data samples.

Converting Units
Plots display data points in either SI or US units as defined within the Preferences (select Display and then Default
Unit System). You can switch between SI and US units on a single series or an entire plot without changing the
overall system preferences.
To change the units for a single series, right-click the series with the arrow tool and select Convert Series Units and
then select the unit you want to use.
To change the units for multiple series within the plot, click the Units icon
from the Edit menu.

on the toolbar or select Convert Units

If a series can be configured with multiple units, there will be drop-down list in the units field as in the example
below. Select the desired units from the drop-down list for all the series you wish to change and then click Convert.
This changes the units displayed on the axis, in the legend, in the Details pane, and in the Points table.
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1. For each series that supports unit options, select the desired units from the drop-down list
2. Click Convert.
This changes the units displayed on the axis, in the legend, in the Details pane, and in the Points table.

Undoing and Redoing Plot Changes
You can undo and redo changes made to the plot display, including zooming, panning, crosshair placement, graph
and axis properties modifications, and more.
To undo the most recent change, click the Undo Action
menu.

icon on the toolbar or select Undo Action from the Edit

To redo the most recent change that had previously been undone, click the Redo Action
select Redo Action from the Edit menu.

icon on the toolbar or

When using the Edit menu for Undo or Redo, the most recent change is listed with the menu choice. In the
following example, the most recent change that can be undone is to "Zoom Out."

HOBOware keeps track of the changes that you make within each plot window and temporarily stores them as
"undoable actions." To see a complete list of all the actions that can be undone or redone, click the down arrow to
the right of either icon on the toolbar.
The number of undoable actions stored is set within the plot preferences. You can configure HOBOware to either
store a specific number of undoable actions or an unlimited number. In addition, you can enable or disable the
feature altogether. Note that storing an unlimited number of actions can impact HOBOware performance on
slower computers.

Saving Project Files
A project file (.hproj) is a plot that you have customized using the various features and tools of HOBOware. When
you open a project file, the plot appears as it did when you saved the project file and contains all of the same data.
on the toolbar, or choose
To save your current data with a customized view of the plot, click the Save icon
Save Project from the File menu. To open an existing project file, choose Open Project from the File menu.

Using Data Assistants
With Data Assistants, you can create new series by combining data recorded by the logger with additional data for
analysis. For example, the kWh Assistant converts logged pulse data from an energy transducer to kWh, average
kW, and energy cost.

1-800-LOGGERS

83

www.onsetcomp.com

HOBOware User’s Guide

When you read out a logger or open a datafile, all available assistants are listed in the Data Assistants section at
the bottom of the Plot Setup window. To use a Data Assistant, click the assistant name to select it, and then click
the Process button.
For some data loggers, you can also run the Linear Scaling, Pulse Scaling, and kWh Data Assistants from the Launch
Logger window to create additional data series that are automatically available each time you read out the logger
and open the resultant data file. To use an assistant from the Launch Logger window, click the Scaling or kWh
button and then double-click the desired assistant, or select the assistant and click the Create button.
The following Data Assistants are available in both HOBOware and HOBOware Pro:

• Linear Scaling Assistant. Use the Linear Scaling Assistant to convert a data series from a compatible
sensor to some other measurement. You enter two raw values and their corresponding measurement
values. The conversion must be based on a linear relationship. Nonlinear scaling is not available.

• Pulse Scaling Assistant. Use the Pulse Scaling Assistant to convert a data series from a compatible
sensor to some other measurement. You enter a raw value and its corresponding measurement value.
The Pulse Scaling Assistant can be run during Plot Setup or at Launch.
These Data Assistants are available in HOBOware Pro only:

• Barometric Compensation Assistant. Use the Barometric Compensation Assistant to compensate
for barometric pressure and create a water level or sensor depth series. The BCA uses water pressure
data from a HOBO U20 or U20L Water Level logger and additional information you provide.

• Conductivity Assistant. Use the Conductivity Assistant to apply compensation to absolute
conductance data from a HOBO U24 Conductivity logger.

• Dissolved Oxygen Assistant. Use the Dissolved Oxygen Assistant to generate a series adjusted for
salinity and a series for percent saturation based on data from a HOBO U26 Dissolved Oxygen logger.
Also use this assistant to enter field calibration readings to compensate for fouling.

• Grains Per Pound Assistant. Use the Grains Per Pound Assistant to calculate the absolute amount
of water in the air, based on temperature, humidity, dew point, and altitude. You can also create an
altitude-corrected dew point series.

• Growing Degree Days Assistant. Use the Growing Degree Days Assistant to calculate growing
degree days based on temperature data spanning at least one full calendar day (midnight to
midnight). Growing degree days are used for agricultural and turf management applications, such as
estimating harvest time or pest growth.

• kWh Assistant. Use the kWh Assistant to convert logged pulse data from a WattNode, Veris, or other
energy transducer to kWh, average kW, and energy cost. The kWh Assistant can be run during Plot
Setup or at Launch.

Default Settings
The parameters last entered into any given Data Assistant will be the default used the next time the Data Assistant
is run, unless it is being used to edit existing series. If you run a Data Assistant at Plot Setup time and then later you
run it from the Launch Logger window, the default values are the value you entered at Plot Setup time.

Hiding Assistants
To prevent unwanted assistants from appearing in the Plot Setup window, or to bring back assistants that you have
previously hidden, click the Manage button. This will open the Preferences window to allow you to change these
settings.
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Software Updates
If you have an Internet connection, HOBOware can periodically check the Onset website for software updates. This
includes updates to your data assistants.
The default is to check once per week, but you can configure HOBOware to check daily or monthly. In Preferences,
go to the General pane and select Startup. In the Check for HOBOware Updates drop-down list, select how
frequently you want the software to check for updates.
You may also check for updates manually at any time. Choose Check for Updates from the Help menu.

Installing a Data Assistant
Data Assistants are installed automatically. There may also be times when a new Data Assistant is available
between HOBOware releases and needs to be installed manually. To do this, click the Load button on the Plot
Setup window and select the assistant's .jar file. Note: On Windows, you must be an administrator to load a new
Data Assistant. To temporarily run HOBOware as an Administrator, right-click the HOBOware icon and select Run
as Administrator. Enter the Administrator name and password as prompted.

License Agreement
This software is furnished in accordance with a separate license agreement included with the software, and
subject to any restrictions set forth therein. For more information about Onset's licensing terms and policies,
contact Onset Customer Service at 1 800 LOGGERS, or visit http://www.onsetcomp.com/corporate/legal.

Linear Scaling Assistant
The Linear Scaling Assistant converts a data series from a compatible sensor to some other measurement when
you enter two raw values and their corresponding measurement values. The conversion must be based on a linear
relationship. Nonlinear scaling is not supported.

Supported Sensors
This assistant is available for the following sensors:

• CABLE-2.5-STEREO Voltage Input Cable
• CABLE-4-20-mA Input Cable
• CABLE-ADAPx
• S-CIA-xxxx 12-bit 4-20mA Input Adapter
• S-VIA-xxxx 12-bit Voltage Input Adapter
• S-FS-CVIA FlexSmart™ Analog Module
• S-FS-TRMSA FlexSmart TRMS Module
• U30 Analog Sensor Port
• S-LWA-xxxx Leaf Wetness
• S-SMx-xxxx Soil Moisture
The Linear Scaling Assistant can be applied only to logged data from these sensors.

Other Types of Scaling
There are also other types of scaling available that may apply to your configuration:
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• FlexSmart™ modules are set up for scaling prior to launch, as part of the module configuration
process. You can later rescale these scaled series using the Linear Scaling Assistant if you need to
create a different measurement. See Configuring an Analog Module/Port.

• The Pulse Scaling Assistant is similar to the Linear Assistant, but only allows scaling of pulse data.

Using the Linear Scaling Assistant
1. At launch time: Using a logger with a sensor that supports scaling at launch time, click the Launch
icon on the toolbar. Click the Scaling button. Double click the assistant name or select the assistant
and click the Create button.
At plot setup: Read out a logger or open a file that supports linear scaling. Select the Linear Scaling
Assistant and click the Process button.
2. In the Linear Scaling Assistant window, choose the data series you want to convert from the Raw
Series drop-down list.

3. In the Scaled column of the Parameters panel, type the units name for the scaled series and enter the
scaled values in the Scaled column to correspond with the numbers in the Raw column. (The default
values in the Raw column are based on the high and low values supported by the sensor, but you may
use different values, as long as those values fall within the sensor's range.) These numbers establish a
linear relationship between raw and scaled values.
4. In the Resultant Series Name field, keep the default name or type a new one.
5. Type any User Notes concerning the series you are creating (optional).
6. Click the Create New Series button.
7. If you ran the assistant from the Launch window, the Scaling button displays the number of newly
created series. If using this assistant while plotting, the new series is listed and selected in the Plot
Setup dialog. Click the Plot button to display the series.
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8. The scaled series will appear in the plot immediately or when you read out the logger if configuring
this at launch time. The settings for the scaled series are listed in the Details pane of the plot:

After the plot is displayed, you may apply minimum, maximum, and average filters to the scaled series as you
would for any sensor data series.

Pulse Scaling Assistant
The Pulse Scaling Assistant converts a data series from a compatible sensor to some other measurement when you
enter a raw value and its corresponding measurement value. The conversion must be based on a linear
relationship. Nonlinear scaling is not supported
The Pulse Scaling Assistant can be run from the Launch window (Pre-set Parameters) or from the Plot Setup
window. If you run the assistant from the Plot Setup window, you must run the assistant each time you readout
the logger or open a datafile.

Supported Sensors
This assistant is available for the following sensors:

• S-UCA-xxxx and S-UCC-xxxx Electronic Switch Pulse Input Adapter
• S-UCB-xxxx and S-UCD-xxxx Contact Closure Pulse Input
• Raw Pulse sensors connected to HOBO UX series loggers that support pulse logging
Other Types of Scaling
There are also other types of scaling available that may apply to your configuration:

• FlexSmart™ modules are set up for scaling prior to launch, as part of the module configuration
process. See Configuring an Analog Module/Port.

• The Linear Scaling Assistant is similar to the Pulse Scaling Assistant, but has slightly different input
options and is compatible with a different group of sensors. See the Linear Scaling Assistant for more
information.

Using the Pulse Scaling Assistant
1. At launch time: Using a logger with a sensor that supports scaling at launch time, click the Launch
icon on the toolbar. Click the Scaling button. Double click the assistant name or select the assistant
and click the Create button.
2. At plot setup: Read out a logger or open a file that supports pulse scaling. Select the Pulse Scaling
Assistant and click the Process button.
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3. In the Pulse Scaling Assistant window, choose the data series you want to convert from the Raw Series
drop-down list.

4. In the Scaled column of the Parameters panel, enter the units name for the scaled series and enter a
scaled value in the Scaled box to correspond with the number in the Raw box. These numbers
establish the relationship between the raw and scaled values.
5. In the Resultant Series Name field, keep the default name or type a new one.
6. Type any User Notes concerning the series you are creating (optional).
7. Click the Create New Series button.
8. If you ran the assistant from the Launch window, the Scaling button displays the number of newly
created series. If using this assistant while plotting, the new series is listed and selected in the Plot
Setup window. Click the Plot button to display the series.
9. The scaled series will appear in the plot immediately or when you read out the logger if configuring
this at launch time. The settings for the scaled series are listed in the Details pane of the plot:

After the plot is displayed, you may apply filters to the scaled series as you would for any other series. In addition
to the minimum, maximum, and average filters that are available for most series, the scaled pulse series allows you
to create a new series showing totals over a period of time.

Barometric Compensation Assistant
The Barometric Compensation Assistant uses water pressure data from a HOBO U20 or U20L Water Level Logger
and additional information from you to compensate for barometric pressure and create a water level or sensor
depth series.
After you use the assistant and display the plot, you may apply filters to the new series.
To create a water level or sensor depth series:
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1.

Read out a logger or open a datafile that contains water pressure data from a U20 or U20L Water
Level Logger.

2. From the Plot Setup window, select Barometric Compensation Assistant and click Process.
3. Provide Fluid Density information by choosing a water type (fresh, salt, or brackish), entering a specific
constant value, or using the temperature series (if logged) to use temperature-compensated density
assuming fresh water.

4. To enter a reference water level, check the Use a Reference Water Level box, enter the water level,
and indicate whether it is in feet or meters.

• Enter the water level as a positive number if it is measured upward from a reference point
below the water's surface, such as the water's height above sea level.

• Enter the water level as a negative number if it is measured downward from a reference point
above the water's surface, such as a well cap.
Then, from the drop-down, select the logged time and value that is closest to the time when you measured
the water level.

• When selecting a logged value and time to link to the reference level, make sure the logger
readings have stabilized. When a logger is first deployed in water, it takes some time for its
temperature to reach equilibrium. You will get the best accuracy if you link your reference
reading to a stabilized logger reading.

• When using a reference water level, the resulting series data will contain water level values
relative to this reference level. If you do not use a reference water level, the resulting series
data will contain values for absolute sensor depth.
5.

You can either use a barometric data file from another source, or enter a fixed barometric pressure. For
the most accurate water level results, use a reference water level and a barometric data file. The
barometric data can come from another HOBO U20 or U20L or U20L Water Level Logger in air; a HOBO
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Weather Station, HOBO Micro Station, HOBO U30, or HOBO Energy Logger; or a text file from another
source.

• To use another file to provide barometric information, click the Use Barometric Datafile button
and enter (or browse to) the name of a .hobo, .hsec, .dtf, .dsec, .csv, or .txt file that contains a
barometric pressure series from an overlapping time period. You will have the option to
display this series on the plot. Important: Text files must follow specific requirements as
described in Import Text Files Requirements.

• To use a constant pressure value, click the Use Constant Barometric Pressure button. Enter the
constant value and indicate whether it is in psi or kPa. (You cannot use a constant pressure
value in combination with a reference water level.)
6. Keep the default Resultant Series Name, or enter a new one. You may also enter User Notes
concerning the series you are creating.
Note: Your settings are retained, so you do not need to re-select your density and barometric file each
time you use the Barometric Compensation Assistant as long as they still apply to the new water level
data set.

Ǥ Click Create New Series. The new series is listed and selected in the Plot Setup window. You can click
Process on the Plot Setup window again to create another series using different barometric
compensation parameters.

ͺǤ Click the Plot button. The scaled series will appear in the plot and the settings for the scaled series are
listed in the Details pane:

After the plot is displayed, you may apply minimum, maximum, and average filters to the new water level or
sensor depth series as you would for any sensor data series in HOBOware Pro.

Conductivity Assistant
The Conductivity Assistant converts raw conductivity data from a U24 logger to Specific Conductance and/or
Salinity. You can also use it to enter field calibration measurements recorded at the beginning and end of a
deployment for calibration and to compensate for drift and sensor fouling effects.
1. Read out a U24 series logger or open a datafile from a U24 logger.
2. From the Plot Setup window, select the Conductivity Assistant and click the Process button.
3. In the Conductivity Assistant window, select the conductivity series that corresponds to the range of
your data. Note: If you only selected one range at launch time, only one series will be listed.
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• For the U24-001 logger, select either Conductivity Low Range when the data is always less than
1,000 μS/cm or select Conductivity Full Range (default) when the data goes above 1,000 μS/cm
as shown below.

• For the U24-002-C logger, select either Conductivity Low Range when the data is always less
than 10,000 μS/cm or select Conductivity High Range (default) when the data goes above
10,000 μS/cm as shown below.

4. Select your desired Temperature Compensation method.

• Use "Non-linear, Natural Water Compensation per EN27888" for freshwater lakes and streams.
• Use "Linear compensation default at 2.1 %/°C" or "Linear compensation at <your own value>"
for NaCl solutions or other linear solutions.

• Use "Non-linear, Sea Water Compensation based on PSS-78" for salt water or salt marshes.
5. Select a Calibration Method. By default, data is calibrated using the factory calibration. To enter your
own calibration values, select "Use measured points for calibration" and then enter temperature and
actual conductivity (not specific conductance) values from your calibration readings taken with a field
meter. These field measurements will be used to provide calibrated conductivity and salinity data
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series by adjusting the data as a percentage of the reading. See Calibration below for more
information.

• Starting and Ending Value: This method calibrates your data and adjusts for sensor drift or
fouling. This assumes there is a linear change in calibration adjustment required.

• Starting value only: All readings are adjusted up or down by a fixed percentage of the reading
based on this calibration point.

• Ending Value Only: The factory calibration value is used as the starting point. This assumes
there is a linear change in calibration adjustment required.
Note: You cannot use a zero-point calibration solution for starting and ending values. The first data
point cannot be used as the ending value; consider using that as the starting value instead.
6. Select the Only Report Data Between the Selected Points checkbox if you want readings from before
or after the calibration points to be removed from the resulting series.
7. In the Series Name field, keep the default name or type a new one.
8. Type any User Notes concerning the series you are creating (optional).
9. Click the Create New Series button.
10. The Plot Setup dialog lists a series called Specific Conductance (or the name you entered for Series
Name). The default units are microSiemens/cm (μS/cm). You can change the units to milliSiemens/cm
(mS/cm) if desired. The default units for salinity are ppt (parts per thousand) and this cannot be
changed.

11. Click the Plot button to plot the data. The Details Pane will show the series selected in the Plot Setup:

After the plot is displayed, you may apply minimum, maximum, and average filters to the scaled series
as you would for any sensor data series in HOBOware Pro.
12.

Save this plot as a Project to preserve this processed data.
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Calibration
It is important to take temperature and conductivity calibration readings with a portable conductivity meter at
both the beginning (launchtime) and end of a deployment (readout) because these readings are necessary for data
calibration and to compensate for any measurement drift during deployment. The temperature and conductivity
calibration readings should be the actual conductivity values (not in specific conductance at 25°C), and should be
recorded in a notebook with the time and location of the reading. See the logger manual for details on different
methods of obtaining water samples to record these values.
1. Once the logger is deployed and logging, record in a notebook the temperature and actual
conductivity meter readings along with the date and time which will be entered into the Conductivity
Assistance to correct the field data.
2. Before you remove the logger and read out its data, take another temperature and conductivity
reading with the meter and record the exact date and time.
3. Enter these values under the "Use measured points for calibration" option in the Conductivity
Assistant.
Notes:

• Whenever a logger is removed for downloading data, clean the sensor window using a cotton swab
with a mild detergent and rinse.

• If the water in the field is not accessible to the conductivity meter sensor, such as in a deep well, a
bailer can be used to fetch a water sample for testing. See the logger manual for more details.

Dissolved Oxygen Assistant
The Dissolved Oxygen Assistant corrects for measurement drift from fouling and provides salinity-adjusted DO
concentration as well as percent saturation data.
1. Read out a U26 series logger or open a datafile from a U26 logger.
2. From the Plot Setup window, select the Dissolved Oxygen Assistant and click the Process button.
3. With the Dissolved Oxygen Data Assistant, you can adjust the data for salinity (step 4), enter
barometric pressure information for percent saturation calculation (step 5), select the resultant series
you wish to generate (step 6), and enter field calibration data (step 7).
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4. Adjust for salinity. If you deployed the logger in saltwater, you must adjust for salinity to get either
a DO concentration or percent saturation. To do this, select the "Adjust for Salinity" checkbox (you will
also need to select the checkboxes under Resultant Series Information for the series you would like).
Select whether the series should be adjusted based on salinity or specific conductance.

• If you chose salinity: Select "Salinity value" if you have a specific value from a conductivity
meter reading or other source; type the value in ppt as shown below. This works well if the
salinity is constant during the deployment. If the salinity changes during the deployment,
select "Salinity datafile" to use a data file from a U24 conductivity logger or a text file. Click the
Choose button and select the file. (See the Important note for more details about using files.)

• If you chose specific conductance: Select "Sp. cond. value" if you have a specific conductance
value from a meter reading or other source; type the value in either μS/cm or mS/cm as shown
below. This works well if the specific conductance is constant during the deployment. If it is
not constant, select "Specific conductance datafile" to use a data file from a U24 conductivity
logger or a text file. Click the Choose button and select the file. (See the Important note for
more details about using files.)

Important: When using a file for salinity or specific conductance data, you can select either a .hobo
file from a HOBO U24 Conductivity Logger or a .txt file from a U24 logger after it has been calibrated
with the Conductivity Assistant. Using a U24 .hobo file is the easiest while a calibrated U24 text file
provides the highest accuracy. Follow these steps to create a text file from a U24 Conductivity Logger
in the proper format:
A.

Click Cancel to close the DO Assistant and Plot Setup windows if they are open.

B.

From the File menu, select Preferences.

C.

In the General Preferences, select Export Settings.

D.

Click the "Use default BoxCar Pro export settings" button and click OK. This will ensure the text
file you create is the proper format for the Dissolved Oxygen Assistant.

E.

From the File menu, select Open Datafile and select the U24 .hobo file.

F.

In the Plot Setup window, select the Conductivity Assistant and click Process.

G.

In the Conductivity Assistant, create a calibrated specific conductance or salinity data series.

H.

Back in the Plot Setup window, select the specific conductance or salinity series only. Click
None under Select Internal Events to Plot so that no events are plotted.

I.
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J.

From the File menu, select Export Table Data. Choose "Export to single file" if prompted.

K.

To use the calibrated conductivity file, open the DO file again. In the Plot Setup window, select
the Dissolved Oxygen Assistant and click Process. Select the text file you just created in the
previous step for the salinity or specific conductance datafile. This file will be used to generate
the series adjusted for salinity.

5. Use barometric pressure (for percent saturation). Check the "Use barometric pressure (for
percent saturation)" box if you want to generate a DO percent saturation series (you will also need to
select the DO Percent Sat. checkbox under Resultant Series Information). For the best accuracy, use a
data file from a HOBO Water Level logger deployed in the air or a nearby weather station. Select
"Barometric Datafile" and click the Choose button to select the .hobo or .txt file. Important: If you
are using a .txt file from a non-HOBO device, it must follow specific requirements as described in
Import Text File Requirements.
If you do not have a barometric pressure file, then select "Barometric data value" and type in the
average barometric pressure during your deployment in one of the five available units.
If the barometric pressure readings are from barometric data that has been adjusted to sea level
readings (such as those taken from a National Weather Service weather station), then you must also
select the "For sea level barometric pressures, enter elevation" checkbox and type the elevation
where the logger was deployed in either meters or feet. Absolute pressure values, such as those
obtained from a HOBO Water Level logger, do not need to be adjusted for elevation.

6. Resultant Series Information. Make sure the series you want to plot are selected in the Resultant
Series Information pane. To generate a series for adjusted DO concentration, check the "DO Adj
Conc." box. To generate a series for percent saturation, check the "DO Percent Sat." box. The default
series names display automatically to the right of the selected series. Edit those series names as
needed. You can also type up to 250 characters of optional user notes.

7. Perform Field Calibration. Use field calibration to compensate for measurement drift due to fouling
or if the logger was not lab calibrated. (Lab calibration typically remains accurate for the full 6-month
life of the sensor cap if there is no fouling.) Check the "Perform field calibration" checkbox and select
the type of field calibration: either "Using Dissolved Oxygen Meter or Dissolved Oxygen Titration" or
"Using 100% Water-Saturated Air."
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• For calibration using a dissolved oxygen meter or titration: Select the "Starting calibration
point" checkbox and select the date/time of the calibration reading. View the logged data
values shown in the drop-down box to be sure that the logger readings have stabilized. It is
more important that you use a good stabilized logger reading than exactly matching the times.
Type in the Meter/Titration DO Measurement in mg/L taken at that date/time. If using an
ending calibration reading, or, if desired, select the "Ending calibration point" checkbox and
select the date/time of that calibration reading. Make sure the logger reading you use for
calibration is one from when the logger was in the water, keeping in mind that the logger time
may be slightly different from the time used for your field readings. You can usually see the
data points that were recorded when the logger was out of the water. Type in the
Meter/Titration DO Measurement in mg/L for this ending calibration point.

Note: If only an “Ending calibration point” is entered (“Starting calibration point” not checked),
then the assistant will use the logger calibration for the starting calibration. This assumes you are
starting with an accurately calibrated logger and saves you from having to do your own starting
point calibration. However, if you select a “Starting calibration point” and no “Ending calibration
point,” the series will be adjusted for the one calibration point. This may be accurate enough for
applications where there is no significant fouling during the deployment time.

• For calibration using 100% water-saturated air: Select the "Starting calibration point"
checkbox and the "Ending calibration point" checkbox and select the date/time for the first
calibration reading. View the values shown in the drop-down list to be sure the readings are
stable at this calibration point (using a calibration point from when the logger is in air or has
not reached temperature equilibrium will result in incorrect calibration). Select the source of
the barometric pressure readings. From the Barometric Pressure drop-down list, select "from
the left" to use the barometric pressure data file already entered in the assistant or select
"entered here" to enter a specific barometric pressure value in one of five available units. If
you are using an ending calibration reading, select the “Ending calibration point” checkbox and
select the date/time of that calibration reading following the same guidelines as you did for
the starting calibration point. For the ending point, enter the barometric pressure information
(select “from the left” or “entered here” as described above).
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Check the "Only report data between selected points" if you want the new series to only include data
between the selected calibration points. Leave this option unchecked to include all data.

8. Click the Create New Series button when finished entering information in the data assistant.
9. Depending on which series you selected to add, the Plot Setup dialog lists two news series: DO Adj
Conc and DO Percent Sat (or the names you entered for Series Names). The default units for the
DO Adj Conc series are mg/L. You can change the units to ppm if desired.

ͳͲǤ Click the Plot button to plot the data. After the plot is displayed, you may apply minimum, maximum,
and average filters to the scaled series as you would for any sensor data series in HOBOware Pro.

ͳͳǤ Save this data and plot setup as a Project to preserve the new series you created for future use.
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Field Values
These are the minimum and maximum values allowable in the fields in this assistant.
Measurement, Units

Minimum

Maximum

pressure, mm Hg
pressure, in Hg
pressure, millibars
pressure, kPa
pressure, Pa
pressure, psi
elevation, m
elevation, ft
salinity, ppt
sp. cond., μs/cm
sp. cond., ms/cm
meter/titration DO conc, mg/L

380.00
14.9700
507.0
51.000
51,000
7.3480
-304.80 2
-1000.00
0.0000
0.0
0.0000
0.00

836.00
32.9100
1,114.0
112.000
112,000
16.1600
2,438.40
8,000.00
42.0000
65,000.0
65.0000
30.00

Grains Per Pound Assistant
The Grains Per Pound Assistant calculates the absolute amount of water in the air, based on temperature,
humidity, dew point, and altitude. You can also create an altitude-corrected dew point series.
To create a grains per pound and altitude-corrected dew point series:
1. Read out a logger or open a datafile that contains temperature, humidity, and dew point series.
2. From the Plot Setup window, select the Grains Per Pound Assistant and click the Process button.
3. In the Grains Per Pound Assistant window, choose the data series you want to convert from the
Temperature, Relative Humidity, and Dew Point Series drop-down lists.

4. To correct for the Altitude above Sea Level (optional), enter the altitude and use the drop-down menu
to indicate whether this number is in feet or meters.
5. Select the Add Altitude-Corrected Dew Point Series to Graph checkbox to plot an altitude-corrected
dew point series.
6. In the Resultant Series Name field, keep the default name or type a new one.
7. Type any User Notes concerning the series you are creating (optional).
8. Click the Create New Series button. The new grains per pound series (and altitude-corrected dew
point series, if applicable) is listed and selected in the Plot Setup window.
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9. Click the Plot button.
The scaled series will appear in the plot and the settings for the scaled series are listed in the Details pane:

After the plot is displayed, you may apply minimum, maximum, and average filters to the grains per pound and
altitude-corrected dew point series as you would for any sensor data series in HOBOware Pro.

Growing Degree Days Assistant
The Growing Degree Days Assistant calculates growing degree days based on temperature data spanning at least
one full calendar day (midnight to midnight). Growing degree days are used for agricultural and turf management
applications, such as estimating harvest time or pest growth.
One growing degree day (GDD) is equivalent to a one degree increase above a minimum threshold temperature for
a period of one day. For example, assuming no horizontal cutoff, if the minimum threshold temperature is 70°F
and the temperature was a constant 85°F for the day, the GDD for that day is 15 GDD.
A single GDD value is calculated for each full calendar day of temperature data, and plotted at noon for that day.
GDD values are cumulative; that is, the GDD for each day adds to the previous days’ GDD value.
Important: Time of day is a factor in the GDD computation. When you launch a logger, be sure that your
computer’s clock is set to the proper time zone for the area where the logger will be deployed. If you try to correct
it later by entering a different offset in the Plot Setup window, you may get confusing or misleading results.
To create a series for growing degree days:
1. Read out a logger or open a datafile that contains data from a temperature sensor.
2. From the Plot Setup window, select Growing Degree Days Assistant and click the Process button.
3. In the Growing Degree Days Assistant window, choose the data series you want to convert from the
Temperature Series drop-down list.
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4. Select the Calculation Method you want to use.

• Average Method: Calculates the average of the high and low temperatures for the day
(adjusted to the lower and upper thresholds, if necessary), then subtracts the low threshold to
compute the GDD.

• Single Triangle (no Cutoff): Uses the low and high daily temperatures to compute a set of two
linear equations to generate a triangle. The area between the curve and the low threshold is
then used to compute the GDD.

• Single Triangle (with Horizontal Cutoff): Uses the low and high daily temperatures to compute
a set of two linear equations to generate a triangle. Then it adjusts any temperatures above
the upper threshold to the upper threshold. The remaining area between the curve and the
low threshold is then used to compute the GDD.

• Single Sine (no Cutoff): Uses the low and high daily temperatures to compute a sine wave that
assumes the low temperature occurred at midnight and the high temperature occurred at
noon. The area between the curve and the low threshold is then used to compute the GDD.

• Single Sine (with Horizontal Cutoff): Uses the low and high daily temperatures to compute a
sine wave that assumes the low temperature occurred at midnight and the high temperature
occurred at noon. Then it adjusts any temperatures above the upper threshold to the upper
threshold. The remaining area between the curve and the low threshold is then used to
compute the GDD.

• Actual Temperature Method (no Cutoff): Uses the logging interval of the temperature data to
perform a numerical integration. The area between the curve and the low threshold is used to
compute the GDD.

• Actual Temperature Method (with Horizontal Cutoff): Adjusts any temperatures above the
upper threshold to the upper threshold. Then it uses the logging interval of the temperature
data to perform a numerical integration. The area between the curve and the low threshold is
then used to compute the GDD.

• Actual Temperature Method (with Vertical Cutoff): Uses the logging interval of the
temperature data to perform a numerical integration. Any interval in which the temperature
exceeds the upper threshold is excluded from the calculation. The remaining area between the
actual curve and the low threshold is then used to compute the GDD.
5. Select lower and upper Development Threshold values. These are the minimum and maximum
thresholds that will be used in the GDD calculation. Use the sliders to set these thresholds, or enter
the values manually. If the calculation method you chose does not use an upper threshold, the upper
threshold option will be disabled. Temperatures are in degrees Fahrenheit if your default unit
preference is US, and in degrees Celsius if your default unit preference is SI.
6. In the Biofix Parameters panel, choose a date that marks the beginning of the development phase for
the Biofix date. The dates in this list are the full days contained in the datafile.
7. In the Degree Days to Event, enter the number of degree days needed to reach an event of interest
(harvest time, pest emergence, etc.). This will create an alarm line on the graph to indicate when the
event took place. Degree days are in Fahrenheit (DDf) if your default unit preference is US, and in
Celsius (DDc) if your default unit preference is SI.
8. In the Event Description field, type any text to identify the event (optional).
9. In the Resultant Series Name field, keep the default name or type a new one.
10. Type any User Notes concerning the series you are creating (optional).
11.

Click the Create New Series button.

1-800-LOGGERS

100

www.onsetcomp.com

HOBOware User’s Guide

12.

The new series is listed and selected in the Plot Setup window. Click the Plot button.

The scaled series will appear in the plot and the settings for the scaled series are listed in the Details pane:

kWh Assistant
The kWh Assistant converts logged pulse data to kWh, average kW, and energy cost with WattNode, Veris, or
other pulse-output energy transducers, and from Raw Pulse sensors attached to a HOBO 4-Channel Pulse
Input Data Logger (UX120-017x) and the UX90-001.
This assistant can also be applied to logged data from an S-UCA-xxxx or S-UCC-xxxx Electronic Switch Pulse Input
Adapter. It is not compatible with the S-UCB-xxxx or S-UCD-xxxx Contact Closure Pulse Input Adapter.
After you use the assistant and display the plot, you may apply filters to the new series.
This data assistant is one of several launch utilities that can also be used at launch time for certain loggers.

Using the kWh Assistant
1. At launch time: Using a logger or sensor that supports scaling at launch time, click the Launch icon
on the toolbar. Click the Scaling button. Double click the assistant name or select the assistant and
click the Create button.
At plot setup: Read out a logger or open a file that supports kWh scaling. Select the kWh Assistant
and click the Process button.

2. In the kWh Assistant window, choose the data series you want to convert from the Pulse Series dropdown list.
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3. In the Setup panel, select the Energy Transducer that was used, and choose the model number from
the drop-down list. (Since the Veris transducers have a switch to define kWh/pulse, you must specify
that here as well.) If your transducer is not listed, select Other and enter the conversion factor.
Choose the type of conversion (Wh/pulse per CT Rated Amp, Wh/pulse, or kWh/pulse) from the dropdown list. Refer to the manual that came with your energy transducer for help with identifying the
conversion factor
4. Enter the current transformer size (in Amps) in the CT Size field. (Veris transducer CT sizes are
predefined.)
5. In the Output Series panel, select one or more series you wish to create. For each series, you may
keep the default Resultant Series Name or type a new one.

• To create a series that shows energy in kWh, check the Energy box.
• To create a series that shows average power, check the Average Power per interval box.
• To create a cost series, check the Usage Cost box and enter the cost per kWh.
6. Type any User Notes concerning the series you are creating (optional).
7. Click Create New Series.
8. If you are running this assistant at launch time, the kWh button displays the number of newly created
series. If using this assistant while plotting, the new series is listed and selected in the Plot Setup
window. Click the Plot button to display the series.
9. The scaled series will appear in the plot immediately or when you read out the logger if configuring
this at launch time. The settings for the scaled series are listed in the Details pane of the plot:

After the plot is displayed, you may apply filters to the new series as you would for any other series in HOBOware
Pro. In addition to the minimum, maximum, and average filters that are available for most series, the energy and
cost series allow you to create new series showing totals over a period of time.

Exporting Data
While HOBOware offers many tools for analyzing data, there may be instances where you need to export data for
use in other software. Refer to the following for exporting data and other related topics:

• Exporting Table Data
• Exporting Data in Classic (BoxCar Pro) Format
• Exporting Details
• Copying Points Data into Another Application
• Formatting the Date/Time Column in Excel
• The Bulk Export Tool
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Exporting Table Data
You can export the data shown in the points table to a Microsoft Excel file or to a text file (.csv or .txt) for
importing into other applications. You can also export the data points gathered in a ZW wireless network via the
Plot/Export Wireless Data window.
To export data:
1. From HOBOware files: Open a data or project file. Make sure the points table includes the series you
want to export. This might include series pasted from other datafiles or series derived through filters
or Data Assistants. Make any changes as necessary.
From the Plot/Export Wireless Data window: Make the changes necessary to select the desired series
and then click the Export button. Skip to step 3.
2. From the File menu, select Export Table Data or click the Export icon

on the toolbar.

. Make any changes to the settings
3. To change the export settings, click the Preferences button
and then click OK in the Preferences window to return to the Export window. Note: Changes to the
"Use export ordering rules" preference are not automatically displayed in the Export window; they
will take effect the next time you open the Export window.
4. Select the series you wish to include in the exported file. Use the All and None buttons or the
checkboxes in the Select column to make your changes. Note: Only the series that are listed in the
points table in a plotted HOBOware file or selected from the Plot/Export Wireless Data window are
available to export from this window. To make additional series appear in this window, click Cancel
and go back to step 1.
5. The data will be exported in the order displayed in the Export window. To change this sort order, click
a column header in the Export window. You can sort the Measurement, Units, sensor S/N, and Label
columns in both ascending and descending order. Or, click a row to drag that series to a different
. Note that
position in the list. To return to the original sort order, click the Restore Order button
if you have the export preferences set to "Use export ordering rules," then the series will be listed in
the order defined in that preference when you click the Restore Order button. If the datafile contains
series with measurement types that are not defined in the export ordering rules preference, then
those series will be listed after the defined series.
6. Click the Export button and then select where you want to save the file.
7.

Click Save. You can now open the exported file in Excel or another software application. Note that if
you have the export preference "Include plot details in exported file" enabled, then any information in
the Details pane of the plot will be included in the exported file along with the sensor data.

1-800-LOGGERS

103

www.onsetcomp.com

HOBOware User’s Guide

Exporting Data in Classic (BoxCar Pro) Format
BoxCar Pro is legacy software from Onset Computer. HOBOware includes a preference setting that allows you to
export and import data in a format compatible with Onset's Box Car Pro software. To change the export
preferences to use settings compatible with BoxCar Pro:
1. From the File menu in Windows or the HOBOware menu on Macintosh, select Preferences.
2. Select the General category and then click Export Settings.
3. Click the "Use classic export settings" button and then click OK.
See Export Settings for details on all export preference settings.

Exporting Details
You can export the information in the Details pane to a text file, which can be opened in any text editor or
imported into numerous applications, such as Microsoft Word or Excel.
To export details:
1. Make sure the Details pane includes the series you want to export. This might include series pasted
from other datafiles or series derived through filters or Data Assistants.
2. From the File menu, select Export Details.
3. Accept the default file name, or type a new name.
4. Click Save.
If you would prefer to have the information in the Details pane and sensor data in the same file, select Preferences
from the File menu in Windows or the HOBOware menu in Macintosh and click the General category. Click Export
Settings and then enable the "Include plot details in exported file" checkbox and click OK. The next time you use
the Export Table Data feature, the plot details will be included in the exported file along with the sensor data.

Formatting the Date/Time Column in Excel
In Excel, dates and times for each data point may initially appear as ####### and times may not have seconds
listed. To display the full date and time with seconds in Excel:
1. Adjust the time column width so you can see the whole date and time.
2. Select the time column from row 3 down.
3. From the Format menu, click Cells.
4. Select the Custom category and then select "m/d/yyyy h:mm" as the type.
5. Add ":ss" (or ":ss.000" if you used a fast logging interval) to the end of the string in the Type field:
m/d/yyyy h:mm:ss (normal logging interval)
m/d/yyyy h:mm:ss.000 (fast logging interval)
6. Click OK. The seconds should be listed automatically.
To export the date and time in separate columns, go to Preferences> General > Export Settings and enable the
"Date and time format: Separate into two columns" option.
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The Bulk Export Tool
The Bulk Export Tool is a plug-in tool for HOBOware Pro that exports HOBOware files to text or Microsoft Excel
format for use in other programs. This tool is particularly helpful when you need to export multiple files at once.
With the Bulk Export Tool, you can export the following file types:

• .hobo
• .dtf
• .hsec
• .dsec
Any naming conflicts are automatically resolved to prevent overwriting any pre-existing files. A log summarizing
the export results is saved in the same directory as the newly exported files.
The Bulk Export Tool uses the general export settings for HOBOware Pro. To configure the Export Settings, go to
the File menu in Windows or the HOBOware menu in Macintosh and select Preferences. In the General category,
select Export Settings.

Using the Bulk Export Tool
To export files with the Bulk Export Tool:
1. From the Tools menu, select Bulk File Export and then Select Files to Export ...
2. In the Select Files to Export dialog, select the files you wish to export and click Continue.

3. In the Choose Exports Folder dialog, navigate to the directory where you want the files to be exported
and click Export.
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4. A progress bar indicates the status of the export (if this happens very quickly, you may not see the
bar). A message appears when the export is complete. Click OK.
The exported files are saved to the specified directory.

The native file extension is removed and appended with the file type selected in the export preferences (.txt, .csv,
or .xls). For example, if the Export File Type preference is set to Excel, then exportfile.hobo is renamed
exportfile.xls. If a file name already exists, new files will be appended with "_0", "_1" etc. For example:
exportfile.xls
exportfile_0.xls
exportfile_1.xls
A log file showing the result of each exported file is also saved to the same directory. The log file lists either the
successful export with the resulting file names or an error message if there was a problem. The log file has the date
and time of the export in its file name like this:
Export_<day>_<month>_<year>_<hour>_<minute>_<second>.log
Important: The Bulk Export Tool will not export files properly if the "Show export dialog" setting is selected in the
export preferences. To disable this setting, select Preferences from the File menu in Windows or the HOBOware
menu in Macintosh. In the General category, select Export Settings. Make sure "Show export dialog" is not
selected. Even if the "Automatically export table data upon readout of logger" option is disabled, the "Show export
dialog" must not be selected for the Bulk Export Tool to export files properly. Your preferences must look like this:

or this:
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but not like this:

for files to export correctly.

YAML
You can choose to have YAML ("YAML Ain't a Markup Language") headers added to the exported files (they are not
inserted by default). If enabled, YAML headers are inserted at the front end of the file. You can remove the YAML
header using any text editor.
YAML™ (rhymes with “camel”) is a human-friendly, cross language; Unicode based data serialization language
designed around the common native data structures of agile programming languages. For more information see
yaml.org.
To enable YAML headers:
1. Go to the File menu in Windows or the HOBOware menu in Macintosh and select Preferences.
2. Scroll down to the Bulk Export category and select YAML.
3. Check the Export with YAML Headers box.

Importing Text Files
You can plot non-HOBOware data by importing data from certain text files including:

• Text files that were created by Onset’s legacy Alarm & Readout Tool version 2.0 or higher. Note: This
tool is no longer supported as of HOBOware 3.5.
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• Text files that were exported from Onset's BoxCar Pro 4.3 software using the default BoxCar export
settings. This allows you to view data from legacy Onset loggers that cannot be read out using
HOBOware Pro.

• HOBOware CSV format exports from the Custom Data and Data Delivery features in HOBOlink. Note:
Sensor labels entered in HOBOlink will be imported into HOBOware. However, if commas were used in
the sensor labels or scaling parameters in HOBOlink, labels may not be imported correctly in
HOBOware.

• With some adjustments, you can open text files that were exported from other software or that you
create. See Importing Text File Requirements for more details.
Note: This feature is only available in HOBOware Pro.
To import data from a properly formatted text file:
1. From the File menu, select Import Text Data.
2. Select a text file or HOBOware CSV file and click Open.
3. If the file was created by the Alarm & Readout Tool or HOBOlink, go to step 8. Otherwise, HOBOware
Pro attempts to parse the text file and displays the Text Import Information window. To conserve
system resources, it displays only the first several records in the file.
4. Check the Delimiter Preview area to be sure the date, time, and data columns are separated correctly.
If they are not, use the Data Separator, Date/Time Separator, and Decimal Separator pull-down
menus to choose other delimiters until the data looks correct. You can resize the columns by clicking
and dragging the dividers between the column headers.
For text files that were not exported in BoxCar's default format, click the Edit Date/Time Format
button and ensure that the import function is interpreting incoming date, time, and year formats and
separators correctly. Use the current date and time displayed in the Sample panel as a guide.
5. When the Delimiter Preview is correct, click OK.
6. Depending on the file's contents, the Plot Setup window may be displayed at this time. If so, go to step
8.
Otherwise, the Text File Information window is displayed. This window allows you to add optional
information and change the units and time zone, if needed.

• Type a description, which will become the plot title and be included in the Details pane.
• Select a model from the list. If you select Other/3rd Party, you can enter a description (up to
20 characters) of the logger or other data source in the next field.

• Type the logger's serial number, if applicable.
• Verify the units are correct for the data in the file.
• Select a time zone offset if necessary.
7. Click OK.
8. The Plot Setup window opens. Select the series you wish to view in the plot and click Plot. The plot is
displayed. You may want to save your work in a project (.hproj) file for quick viewing later.

Import Text Files Requirements
When you import a text file, the file must meet certain requirements. You can view or edit text files in a text editor
or word processor. To delete, rearrange, or reformat columns of data, you may need to use a spreadsheet
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program. Remember to save the corrected file in text (.txt) format. This feature is only available in HOBOware Pro.
Internal events recorded by loggers, such as Host Connected, Started, and Stopped, cannot be imported.

Serial Number
The file can contain an optional header for serial number information located at the beginning of the file, before
the column headings. The header must have the phrase "Serial Number:" followed by a space, then the serial
number, then two dashes:
Serial Number: 733329 -Note: Text files originating from HOBOlink and the Alarms & Readouts Tool may also contain YAML headers at the
top of the file.

Contents
Below the header (if any), there should be the data, starting with column headings. There must be no other text in
the file other than the optional header, column headings, and data. The first column must be date, the next must
be time, and the rest must be data.

Delimiters
Valid delimiters for separating date and time and other data are commas, tabs, and semicolons. The delimiter used
to separate the date from the time may be different from the delimiter used to separate the data. Do not use a
space as a delimiter; there cannot by any spaces in the data.

Date
The date column must have the heading, "Date" and date values should be formatted as mm/dd/yy. If they are in a
different format, remember to indicate the correct format in the Edit Date/Time Format window when you import
the file.
Date
12/31/04
12/31/04
01/01/05
01/01/05

Time
The time column must have the heading, "Time" and time values should be formatted in 24-hour format as
hh:mm:ss.sss (decimals are optional). If they are in a different format, remember to indicate the correct format in
the Edit Date/Time Format window when you import the file. UTC offset is assumed to be the same as your
computer's current time zone.
Time
23:59:59
23:59:59.5
00:00:00
00:00:00.5

• No thousands separator can be used.
• Rows of data must be separated with a paragraph return.
• There must be a last blank row.
Measurements
Data column headings must have the format "Measurement (Units)". Additional information (such as channel
number or serial number) can follow, but is optional. Only spaces can be used between the end of the
measurement name and the opening parenthesis. An example is "RH (%)".
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RH (%)
38.7
38.9
39.0
39.0
If the column header and units of an imported series exactly matches the text in the table below, HOBOware will
recognize the measurement and be able to perform unit conversions, apply data assistants, etc. to that series.
Measurements listed below that either have only one unit type, or can be any unit type, cannot have their units
converted, but may still be used with applicable data assistants.
Measurement Type

Column Header

Units

Acceleration

x accel, y accel, z accel

g, m/s2, ft/s2

Active Energy

watt-hours, kilowatt-hours

Wh, kWh

Active Power

watts

W

Apparent Power

volt-amps

VA

Carbon Dioxide

co2

ppm

Conductivity

low range, full range, high range

μS/cm, mS/cm

Counts

counts

[any units]

Dew Point

dew point or DewPt

F, C

Gust Speed

gust speed

m/s, km/hr, mph, knots

Leaf Wetness

leaf wetness

[any units]

Light Intensity

intensity

lux, lum/ft2

PAR

par

[any units]

Power Factor

power factor

[any units]

Pressure

pres

kPa, Pa, mbar, mm Hg, psi, in Hg

Rain

rain

mm, in

Reactive Power

volt-amps-reactive

VAR

Relative Humidity

rh

%

RMS Current

amps

A

RMS Voltage

volts

V

Salinity

salinity

ppt

Soil Moisture

soil moisture

[any units]

Specific Conductance

conductance

μS/cm, mS/cm

Sum Vector

sum vector

g, m/s2, ft/s2

Temperature

temp

F, C

Tilt

x tilt, y tilt, z tilt

deg, rad

Wind Speed

wind speed

m/s, km/hr, mph, knots

Wind Direction

wind dir

[any units]

Measurements that are not listed in the table (or do not exactly match the text below) can be imported, but
without any units conversions or use of Data Assistants. These include:

• Air Velocity
• Battery
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• Compressed Airflow
• Conductance
• Current
• Gauge Pressure
• Power
• Solar Radiation
• Temperature for Thermocouples
• Water Flow
• Volatile Organic Compound
• Voltage
• Asynchronous Events/Readings
• State
• Runtime
Data
The datafile must have a data value for each logged time stamp for all series. There may be instances where data is
missing from a series for a corresponding entry in the time column (such as certain when filtered data is using
different time values than the logged data). The import will not work with missing data.

Importing Files from HOBOlink
This feature allows you to import the current data file for a remote HOBO U30 Station from HOBOlink directly into
HOBOware for analysis. Note: This feature is only available in HOBOware Pro.
To import a file from HOBOlink into HOBOware:
1. From the File menu, select Import Data File from HOBOlink.

2. Type the serial number for the HOBO U30 Station.
3. Type the Username and Password for the HOBOlink account.
4. Select the "Save this information" checkbox if you want to HOBOware to retain the username and
password for future use.
5.

Click Go to import the file into HOBOware.
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Chapter 5
Hardware Reference
Refer to the following topics for more information on using HOBOware with specific devices:

• Using the RX3000 Manager
• Working with the HOBO U30 Station
• Configuring FlexSmart Modules/Analog Sensor Ports
• Working with a Shuttle
• Configuring Loggers with the E50B2 Power and Energy Meter
• Checking Dates for the HOBO U26 Dissolved Oxygen logger Sensor Cap
• Using the Lab Calibration Tool with the HOBO U26 Dissolved Oxygen Logger
• Updating UX Series Logger Firmware
• Fixing “Read Header Failed” Error

Using the RX3000 Manager
The RX3000 Manager is available within HOBOware for monitoring the latest conditions in a HOBO RX3000 Remote
Monitoring Station or for configuring Wi-Fi and Ethernet settings. Follow the steps below for viewing the latest
conditions or configuring network settings with the RX3000 Manager. For details on operating the RX3000 station,
see the product manual at www.onsetcomp.com/manual/rx3000.

Viewing Latest Conditions
1.

Connect the station to the computer with the USB cable.

2.

From the Device menu, select Manage RX3000. Note for Windows: You may see a warning that
Windows Firewall has blocked some features. Select Domain networks and click Allow Access.

3.

In the RX3000 Manager, the Latest Conditions panel shows the currently configured sensors and
modules for the device. Click
in the Latest Conditions panel to take a measurement for each sensor
and display the value. You can also view general information about the RX3000 station in the Device
Information panel.

4.

Close the RX3000 Manager when done and disconnect the USB cable.

Note: The Latest Conditions and Device Information available in the RX3000 Manager are for reference only. Use
HOBOlink to view complete station details, access logged data, and configure the device.

Configuring Ethernet Settings in an RX3001 Station
The RX3001 station uses DHCP by default. If your network uses DHCP, you do not need to follow these steps.
Consult your Network Administrator if you are unsure whether your network uses DHCP or static IP addresses.
1.

Connect the station to the computer with the USB cable.

2.

From the Device menu, select Manage RX3000. Note for Windows: You may see a warning that
Windows Firewall has blocked some features. Select Domain networks and click Allow Access.
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3.

In the RX3000 Manager, click the Actions button and select Network Access.

4.

Deselect the Use DHCP checkbox.

5.

Enter the IP Address, Subnet Mask, Gateway, and DNS Server. Consult your Network Administrator for
the appropriate addresses to complete these fields.

6.

Click Save in the RX3000 Manager. Click Done and then close the RX3000 Manager.

7.

Disconnect the USB cable and press the Connect button on the station. See the product manual at
www.onsetcomp.com/manual/rx3000 for further details.

Configuring Wi-Fi Settings in an RX3003 Station
1.

Connect the station to the computer with the USB cable.

2.

From the Device menu, select Manage RX3000. Note for Windows: You may see a warning that
Windows Firewall has blocked some features. Select Domain networks and click Allow Access.

3.

In the RX3000 Manager, click the Actions button and select Network Access.

4.

Enter the Security information for your Wi-Fi network. Type the Network Name, select the Security
Type, and type the Security Key. Select the Hide characters checkbox to hide any characters typed into
the Security Key field (optional). Consult your Network Administrator or wireless router
documentation for help with determining your network security type.

5.

If your network uses static IP addresses: Deselect the Use DHCP checkbox. Enter the IP Address,
Subnet Mask, Gateway, and DNS Server. Consult your Network Administrator if you are unsure
whether your network uses static IP addresses or for the appropriate addresses to enter in this fields.

6.

Click Save in the RX3000 Manager. Click Done and then close the RX3000 Manager.

7.

Disconnect the USB cable and press the Connect button on the station. See the product manual at
www.onsetcomp.com/manual/rx3000 for further details.

Working with the HOBO U30 Station
There are four models of the HOBO U30 Station: USB, cellular, ethernet, and wi-fi. The USB model works with
HOBOware only. The cellular, ethernet, and wi-fi models are designed primarily for use with internet-based
HOBOlink software, but can also work with HOBOware for specific tasks. This section describes when to use each
of the four U30 Station models with HOBOware.

HOBO USB U30 Station (U30-NRC)
Use HOBOware for all tasks with the USB model, including launching, reading out, and checking status. You can
also configure alarms, control the relay, configure excitation power, and set the scaling parameters.

HOBO Cellular (U30-GSM), Ethernet (U30-ETH), and Wi-Fi (U30-WIF) U30 Stations
Use HOBOlink to launch, read out, check status, configure alarms, and set up sensor scaling for cellular, ethernet,
and wi-fi models. Although it is possible to perform these tasks with HOBOware, any parameters set in HOBOware
will be overridden by the settings in HOBOlink. If you do attempt to launch, read out, or check the status using
HOBOware, you may see a message indicating there is already a live HOBOlink session underway. You can choose
to override the HOBOlink connection and use HOBOware instead. Alternatively, you may see a message indicating
the HOBO U30 Station is busy and a HOBOware session cannot begin. Try again in a few minutes.
These models connect to HOBOlink on a schedule that you determine. Data is automatically read out from the U30
Station and uploaded to HOBOlink. There may be circumstances in which you want to override this schedule and
contact HOBOlink immediately. For example, if you moved the HOBO U30 Station to a different location and you
want to make sure it can still connect to HOBOlink, but you don’t want to wait until the next connection. To force
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an immediate connection to HOBOlink, connect the U30 Station to a USB port. Click the Contact HOBOlink button
in the Status window.
HOBOlink displays data read out from the HOBO U30 Station in line graphs and shows the readings from the last
connection. The data is also saved in datafiles that can be downloaded and opened in HOBOware for additional
analysis.
While most tasks should be done using HOBOlink, the following tasks can only be completed in HOBOware:

• Configuring the analog sensor port. This can only be done in HOBOware and is accessed through the
Launch window. See Configuring FlexSmart Modules and Analog Sensor Ports for details.

• Changing the default relay setting or testing the relay. The default relay setting for the HOBO U30
Station is normally open and can only be changed in HOBOware. You can also use HOBOware to test
the relay. See Controlling the Relay on the HOBO U30 Station for details.

• Testing the accuracy of individual smart sensors. Unplug all the sensors when the logger is not logging.
Plug one sensor back in and check the current reading for the sensor in the Launch Logger window.
Repeat this for the remaining sensors. Note: Sensors are listed in ascending order by serial number,
regardless of their physical position in the logger.

• Checking cellular signal strength. Open the Status window in HOBOware to check the cellular signal for
the HOBO U30 Station in its current location. This will help you determine if you need to reposition
the station for optimal signal strength.

Controlling the Relay on the HOBO U30 Station
The U30 Station relay contact is a latching relay that can be configured as either Normally Open or Normally
Closed. The factory-default setting is Normally Open.
To change the relay from the Device menu:
1. Connect the HOBO U30 Station to the computer with the USB cable.
2. From the Device menu, select Manage U30.
3. Select Control U30 Relay.
4. Select "Set default (deactivated) state."
5. Select either Open or Closed.
To conduct an immediate test of the relay from the Device menu:
1. Connect the HOBO U30 Station to the computer with the USB cable.
2. From the Device menu, select Manage U30.
3. Select Control U30 Relay.
4. Select "Activate (close) relay." You should hear a click in the HOBO U30 Station.
5. Select "Deactivate (open) relay." You should hear the click again.
To change the relay and test it using the Sensor Alarms window:
1. From the Device menu, select Manage U30.
2. Select Configure U30 Alarms and select Configure Alarms to open the Sensor Alarms window.
3. In the Relay Contacts section, select Normally Open or Normally Closed.
4. If you are setting an Alarm Action of Pulse Relay, you can set the Relay Pulse Width in milliseconds.
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5. To test the relay, click the Close Relay or Open Relay button in the Sensor Alarms window. You should
hear a click in the HOBO U30 Station. Click the button again to return to the default state. Use a digital
multimeter to check for continuity to confirm that the relay is opened and closed as expected.
6. Click Set to send the alarm configuration to the U30 Station.

Setting Alarms on a HOBO U30 Station
You can set alarm to trip for individual sensors on a HOBO USB 30 Station (U30-NRC).
1. From the Device menu, select Manage U30 > Configure U30 Alarms > Configure Alarms.
2. Select a sensor and click Add.

3. In the Alarm Configuration window, select the High Alarm checkbox if you want an alarm to trip when
the sensor reading goes above a value you specify. Type a High Alarm value or drag the top slider to
set a value. and/or the Low Alarm checkboxes. Type a value for the alarm in the box(es) or use the
sliders.
Select the Low Alarm checkbox if you want an alarm to trip when the sensor reading goes below a
value you specify. Type a Low Alarm value or drag the bottom slider to set a value.
Note: If you type a High or Low Alarm value, the software may adjust them slightly to the nearest
values supported by the logger.
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4. Set the number of samples that will be logged before the alarm trips. Note: To avoid unintended
activation of the relay contact, set the number of samples to allow for anticipated breaches of the
alarm threshold. If the measurement is still out of range when the number of samples is reached, the
relay contact will be activated.
5. Select an action to occur when the alarm is triggered: Activate Relay (Open/Close), Deactivate, Pulse,
Toggle, Open, Close.
6. Select the Deactivate on Alarm Clear checkbox if you want the alarm action to stop automatically once
the alarm condition clears.
7. Click OK to save the changes. The alarm will now appear in the Sensor Alarms window. Select the
alarm and click Edit if you need to make changes or click Delete to remove an alarm.
8. Click Set in the Sensor Alarms window when finished configuring alarms.

Configuring FlexSmart Modules/Analog Sensor Ports
You can configure HOBO Energy Logger FlexSmart modules and the HOBO U30 Station analog sensor port to
accommodate a wide range of Onset and third-party sensors. You can set up these modules/ports while selecting
launch settings or you can create and save different configurations to be loaded into the modules/ports whenever
needed.
Notes:

• Modules, ports, and sensors are listed in ascending order by serial number regardless of their physical
position in the logger.

• This procedure is for creating a new configuration and sending it to a port. To send an already saved
configuration to a port, see Loading a Saved Configuration.
To configure an analog module or port, perform the following steps:
1. From the the Device menu, choose Configure Modules/Ports.

ʹǤ In the Select Sensor to Configure window, click the + sign to see the available modules/ports. If you
are using the HOBO Energy Logger, you can attach additional modules while viewing this window.
Click Refresh to update the module list. Note: The default channel names Voltage and Current can
both be configured to measure voltage or current. For example, both channels can be used to monitor
sensors with 4-20 mA output.
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3. Select a sensor and then click the Configure button to open the Configure Sensor window. Note: You
can also access this window from the Launch Logger window. Select the sensor and double-click the
module/port name to expand it. Click the sensor name to select it and then click the Configure button.
4. In the Configure Sensor window, select the Sensor Name. Choose either a default name or select
Custom and enter your own 16-character name, which you can also save to the list for future use.
Note that a saved name is stored as a preference and removed when you restore preference defaults.

5. Set the excitation power, measurement type, and scaling as desired (options may vary depending on
the sensor). For details on excitation power, see Configuring Excitation Power. If the module/port
offers more than one type of input, select the correct the measurement type for the sensor. For
details on scaling, see Setting Voltage Ranges and Scaling Parameters.
6. Although you do not have to save the configuration if you are going to send it to the module/port
right away, you may find it convenient to save it for future use, especially if you have defined custom
sensor settings. Click Save, type a name for the configuration file, and click Save again.
By default, the file is saved to the following location with an extension of .hcfg.
Windows: My Documents\HOBOware\Configs
Mac: Users/<username>/Library/Application Support/HOBOware/Configs
7. Click Configure to send the currently displayed configuration to the module/port. The module/port
will remain in this configuration until you send it a different configuration.
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Configuring Excitation Power
You can configure sensor excitation power and warm up on the Analog Sensor Ports. Sensor excitation is a voltage
output provided by the HOBO U30 Station to power a sensor that is connected to it. This power may be needed
because the sensor is not self-powered or because the sensor’s power capacity cannot support a long deployment.
When sensor excitation is required, the logger can provide 12 V DC sensor excitation voltage up to 200 mA total for
transducers that require external power for proper operation. The excitation voltage has a programmable warm up
time and is controlled by the Analog Sensor Port.
A warm up time can be up to 120 seconds. If the warm up required is longer than 120 seconds, or if you are not
concerned with battery life, you may choose the Continuous option, which will power the sensor for the entire
deployment.
Providing excitation power drastically decreases the logger's battery life (consult the logger manual for more
information). To save battery power, you may specify the minimum time needed to power the sensor before
taking a measurement. For example, if you specify a Warm Up of one second and set the logging interval in the
logger to one minute, the logger will power the external sensor for one second, log data and then turn off the
excitation power for the next 59 seconds.
Always enable the logger's internal battery channel when logging with excitation power. If the battery becomes
too low to provide excitation power, excitation power is turned off, but logging continues as long as the battery
can power the logger. This will cause the further readings on that channel to become inaccurate. If you are logging
the internal battery channel when this happens, an Excitation Off event will be shown in your datafile to mark the
point at which excitation power was disabled.
To configure excitation power:
1. From the Configure Sensor window, click the Set Excitation Power button. For information on
accessing the Configure Sensor window, see Configuring FlexSmart Modules/Analog Sensor Ports.
2. Select the Excitation Power Used checkbox.

3. Select either Warm Up or Continuous mode. If you select Warm up, select the warm up time in
seconds.
In Warm up mode, the logger supplies excitation power for a brief period prior to each measurement.
This mode allows you to select the minimum warm up time needed to allow for sensor stabilization,
while conserving battery power. For example, if you specify a warm up of one second and set the
Logging Interval to one minute, the HOBO U30 Station will power the external sensor for one second,
log a measurement, and then turn off the excitation power for the next 59 seconds. The warm up
time can be up to 120 seconds. If the warm up time selected is greater than the logging interval
selected, the logger will interpret the excitation mode as continuous.
In Continuous mode, the logger supplies constant excitation power to the sensor for the entire
duration of the deployment. This mode will result in reduced battery life. Continuous mode is
required if the sensor needs more than two minutes of warm up time.
4. Click OK.
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5. Select Save to save these settings in a configuration for future use. Click Configure to send this
configuration to the port immediately.

Setting Voltage Ranges and Scaling Parameters
You can set voltage ranges and scaling parameters for the HOBO Energy Logger FlexSmart modules and the
HOBO U30 Station in the Scaling Parameters panel of the Configure Sensor window. For information on accessing
this window, see Configuring FlexSmart Modules/Analog Sensor Ports.

To set the scaling or voltage range:
1. Check the Raw Units. This is the type of output the sensor has; either V or mA, corresponding to the
type of sensor selected. Raw Value 1 and Raw Value 2 should be input in these units. For example, if
the external sensor has an output of 4 – 20 mA, the raw units would be in mA.
2. Set Raw Value 1, which is the low raw value given by the external sensor. In the previous example, this
would be 4 mA.
3. Set Raw Value 2, which is the high raw value given by the external sensor. In the previous example,
this would be 20 mA.
Important: The number entered for Raw Value 2 determines the voltage range the analog port will use. Use this
table to determine what the range will be depending on the number entered in the Value 2 field.
If the raw voltage entered in
the Value 2 field is:

The voltage range for
the analog port will be:

Less than 2.5
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2.5V

Greater than 2.5 and less than or
equal to 5

5V

Greater than 5 and less than or
equal to 10

10V

Greater than 10 and less than or
equal to 20

20V
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4. Select the Scaled Units. Choose one of the predefined units from the pull-down list or select Custom
to define units for other types of sensors. If you select Custom, type up to eight characters of the units
associated with the sensor. For example, if you are using a flow meter, you could specify CFS (Cubic
Feet per Second) as the scaled unit. If you want to see data in particular SI or US units, you need to
enter the appropriate scaling values in the next steps. Select the "Save this value for next time"
checkbox to add this name to the Scale Units drop-down menu for future use. Note that a saved unit
name is stored as a preference and removed when you restore preference defaults. Custom unit
values do not allow for conversion between SI to US units. It is only a reference used to indicate how
the module is configured and how the resulting data should be labeled. Click OK to save the changes
and return to the Configure Sensor window.

5. Set Scaled Value 1, which is the value that will be displayed on the graph when the sensor reports a
raw value equal to Raw Value 1. This value should be entered based on the Scaled Units selected in
the previous step.
6. Set Scaled Value 2, which is the value that will be displayed on the graph when the sensor reports a
raw value equal to Raw Value 2. This value should be entered based on the Scaled Units selected in
Step 4.
7. Click the Save button to save this configuration for future use or click Configure to send these settings
to the module/port immediately.

Loading a Saved Configuration
If you have created and saved a sensor configuration for a HOBO Energy Logger FlexSmart modules and the
HOBO U30 Station analog sensor port, you can load it into any module/port of the same type. For example, a
configuration for a FlexSmart TRMS module can be loaded into any other FlexSmart TRMS module, but not into a
FlexSmart Analog module.
To load a saved configuration:
1. From the Device menu, select Configure Modules/Ports.
2. Click the Load button to see a list of all defined configurations in the currently selected folder that are
compatible with the module/port.
3. Choose a configuration. To use one of the defined configurations, click the button next to Use
Configuration File, then click the button next to the name of the configuration file you want to use. To
get a file from a different location, click Choose Folder and browse to the desired directory. If you are
experiencing problems with the module, you can reset the channel to its default configuration. Select
Use Default Module Configuration.
4. Click Continue.
5. To send the currently displayed configuration to the module/port, click Configure. The module/port
will remain in this configuration until you send it a different one.

Resetting a Module to the Default Configuration
If you are experiencing problems with a module, you can reset it to the default configuration.
1-800-LOGGERS

120

www.onsetcomp.com

HOBOware User’s Guide

1. From the Device menu, select Configure Modules/Port.
2. Select a sensor and click Configure.
3. In the Configure Sensor window, click the Load button to view a list of all defined configurations in the
currently selected folder that are compatible with the module/port.
4. Select Use Default Module Configuration and click Continue.
5. To send the currently displayed configuration to the module/port, click Configure. The module/port
will remain in this configuration until you send it a different one.
The following examples show the default configuration for the analog modules. The configuration is the same for
both channels.

Working with a Shuttle
HOBO shuttles provide a convenient way to read out and relaunch loggers in the field. The HOBO U-Shuttle
features a text display and is compatible with all loggers that can be used with HOBOware Pro. The HOBO
Waterproof Shuttle communicates with optic loggers. Note: To use a U-Series logger (other than the HOBO U30
Station) with a shuttle, the logger must first be launched with HOBOware version 2.2 or higher at least once.
Consult the shuttle user guide for details.
After you read out a logger to the shuttle, you can then connect the shuttle to the computer and offload and save
the files to view in HOBOware Pro. From the Device menu, select Manage Shuttle to open the Shuttle
Management window to check the status and work with the shuttle. See Offloading and Saving Files from a Shuttle
and Deleting shuttle files for more information on using the shuttle.
Note: While the Shuttle Management window is displayed, the U-Shuttle remains on battery power for up to an
hour. After one hour, or any time the U-Shuttle's main battery level becomes low, the window closes and the
shuttle powers down. To further conserve the shuttle's battery life, you should close the window, disconnect the
shuttle, and turn the shuttle off as soon as you finish working with it.

U-Shuttle Firmware Updates
Occasionally, a firmware update may be available for the U-Shuttle. To check whether an update is available or if
you are directed to update the firmware from Onset Technical Support:
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1. Connect the U-Shuttle to the computer.
2. From the Help menu, select Update Device Firmware and then select U-DT-1/U-DT-2 from the
submenu.
3. Follow the instructions on the screen to complete the upgrade process.

Offloading and Saving Shuttle Files
To offload datafiles from a shuttle to a compute:
1. Connect the shuttle to the computer. Note: HOBO Shuttles require HOBOware Pro.
2. From the Device menu, select Manage Shuttle. Or, to quickly offload all the new datafiles on the
shuttle, select Readout from the Device menu.
3. In the Shuttle Management window, choose files to offload.

• On the U-Shuttle, all files are selected by default if the shuttle has not been offloaded before.
To deselect all files, click the Uncheck All button. To deselect individual files, click the checkbox
next to each file.

• On the Waterproof Shuttle, only the files that have not been offloaded AND saved previously
are selected by default. To select or deselect individual files, click the chexbox next to each file.
Use the Check All and Uncheck All buttons next to Previously Offloaded Files and New Files
(Not Offloaded) to control the selection of these groups of files. To automatically delete files
after you offload and save them, select the Delete Contents Upon Offload checkbox.

4. Click the Offload Checked button when you are ready to begin offloading the files from the shuttle.
Once offloading begins, the Offload Checked button will change to Cancel Offload. When offloading is
complete, the Files on Shuttle panel in the Shuttle Management window will change to a Files
Offloaded From Shuttle panel.
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5. The Save Folder indicates where the offloaded files will be saved. To change the location where these
files are saved, click Choose and browse to another folder.
6. To open the folder automatically after they are saved, select the Open Folder in Windows Explorer
after Save checkbox on Windows or the Open Folder in Finder after Save checkbox on Macintosh.
7. Select the files to save. By default, all the offloaded files are selected for saving. To deselect individual
files, click the checkbox next to each file. To deselect all files, click the Uncheck All button. To save all
files if you already deselected a few, click the Check All button.
8. Make any changes to the listed datafile names if desired for the files you are saving.
9. Click the Save Checked buttons to save all selected files in the folder specified in step 5.
10. Click the Launch Shuttle to reset the shuttle clock and delete all files from the shuttle. See Deleting
Files from a Shuttle for more information.

The Shuttle Management Window
Use the Shuttle Management window to work with the HOBO U-Shuttle and Waterproof Shuttle.
Notes:

• HOBO Shuttles require HOBOware Pro.
• While the Shuttle Management window is displayed, the U-Shuttle remains on battery power for up to
an hour. After one hour, or any time the U-Shuttle's main battery level becomes low, the window
closes and the shuttle powers down. To further conserve the shuttle's battery life, you should close
the window, disconnect the shuttle, and turn the shuttle off as soon as you finish working with it.

•

The Waterproof Shuttle is powered by the USB port, and does not need to be turned off.

The Device Details panel displays the following information about the shuttle:

• Device Type. The shuttle model and description.
• Serial Number. Serial number of the shuttle.
• Firmware Version. Version number of the shuttle's firmware.
• Main Batt Level (AA) (U-Shuttle only). The condition of the shuttle's main batteries. Consult the
U-Shuttle manual for specifics on battery capacity.
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• Clock Batt Level (CR1225) (U-Shuttle only). The condition of the battery that provides backup
power to the shuttle's clock. Consult the U-Shuttle manual for details.

• Battery Level (Waterproof Shuttle only). Condition of the shuttle's batteries when you opened
the Waterproof Shuttle Management window. If the batteries are low, remember to change them
before going into the field. Consult the Waterproof Shuttle manual for specifics on battery capacity.

• Last Launched. Date, time, and offset to Greenwich Mean Time (GMT, also known as UTC) when the
shuttle was last launched.

• Computer clock. Time reported by the computer's clock.
• Shuttle clock. Status of the shuttle's clock in relation to the computer's clock. If the difference is
more than five seconds, the shuttle clock label and icon will flash red. The shuttle's clock is
synchronized to the computer when you launch the shuttle. Click the Sync Shuttle Clock button to
synchronize the shuttle's clock to the computer clock without launching the shuttle. (Exit HOBOware
Pro if you need to update the computer's clock first. Important: If the difference between the
shuttle's clock and the computer's clock is more than 59 minutes, the Sync Shuttle Clock button is not
available. You must launch the shuttle to correct the time difference
The Files on Shuttle panel lists the logger datafiles that are available to be offloaded from the shuttle. If the shuttle
is empty, this panel displays "No Files Available on Shuttle." Use the Check All/Uncheck All buttons to select or
deselect all files. The details for each file are:

• Status. The message that describes the state of the datafile on the shuttle. The status message is
replaced by a progress bar while the file is actively being offloaded. For the U-Shuttle, the status
message "Awaiting Offload" appears when HOBOware Pro is offloading files from the shuttle and
"Finished" after each file is offloaded. For the Waterproof Shuttle, files have the status message
"Offloaded" only if the file has been offloaded from the shuttle and saved as a datafile. If the files has
not been offloaded, or it has been offloaded but not saved, its status is listed as "Not Offloaded."

• Logger Type. Model and description of the logger where the datafile originated.
• Serial No. Serial number of the logger where the datafile originated.
• Launch Desc. Description in place when the logger was launched. This description will be the default
datafile name.

• Launch Time. Date, time, and offset to Greenwich Mean Time (GMT, also known as UTC) when the
shuttle was last launched.

• File Size. Actual size of the datafile.
After clicking the Offload Checked button, the Files on Shuttle panel will change to a Files Offloaded from Shuttle
panel. This panel lists the folder where the files will be saved (or click Choose to select a different directory). You
can also select to a checkbox to automatically open the folder in Windows Explorer or Finder (Macintosh) after the
files are saved. The serial number, Launch Description, and default file name is listed for each datafile. Click the
Save Checked button to save all the selected files.
Use the Launch Shuttle button to delete all files (whether saved or not) from the shuttle and to reset the clock.
Launching the shuttle also repairs a corrupted header.

Deleting Files from a Shuttle
You can delete files from a shuttle after they have been offloaded and saved. Note: HOBO Shuttles require
HOBOware Pro.
To delete files from a shuttle:
1. From the Device menu, select Manage Shuttle.
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2. Offload and save any files if necessary. You must at least offload all files before deleting (click Cancel
Save if you do not want to save the files). If you are offloading a Waterproof Shuttle, select the Delete
Contents Upon Offload checkbox to automatically delete all files after you offload and save them.
3. To delete ALL files regardless of whether they have been offloaded and saved, click the Launch Shuttle
button. This will reset the shuttle's clock and its Last Launched time.
To delete individual files from a Waterproof shuttle (you cannot delete individual files from a UShuttle), click the checkbox for each unwanted file. To select all files that have already been offloaded,
click the Check All button next to Previously Offloaded Files. Click Delete Checked after you have
selected all the files you want to delete.
Note: The maximum amount of free memory available on a U-Shuttle is 3.94 MB because the header information
on a HOBO U-Shuttle occupies 64 KB.

Configuring Loggers with the E50B2 Power & Energy Meter
When the E50B2 Power & Energy Meter (T-VER-E50B2) is combined with a supported logger, there is a custom
setting available to quickly configure the applicable channels or sensor types. To access this setting:
1. Connect a logger to the computer that supports the meter, such as the HOBO 4-Channel Pulse Input
Data Logger (UX120-017x), and select Launch from the Device menu.
2. In the Launch Logger window, select "for E50B2 Power & Energy Meter" in the Configure Sensors
drop-down list. The first three sensors, or data channels, listed will automatically be updated to
display the appropriate settings for the E50B2 Power & Energy Meter as shown below.

When these settings are selected, the logger will record the default values from the Onset Power Meter.
This means that when you read out the logger, the first three data channels will record the following by
default:
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• Reactive energy, at a rate of 1 pulse equal to 1 VARh
• Real energy, at a rate of 1 pulse equal to 1 Wh
• Amp hours, at a rate of 1 pulse equal to 0.01 Ah
You can change the scaling for these three channels. Click one of the channel or sensor buttons and select
the measurement type, sensor name, and then scaling factor. The example below shows changing scaling
on channel 2 after clicking the "T-VER-E50B2 Wh (1000 Wh per pulse)" button. Note: The scaling factor
must be the same for VARh and Wh channels. WARNING: If you change the default scaling parameters,
you must also change the settings on the Onset Power Meter. Similarly, if you change the scaling on the
device itself, you must also change the scaling in the software to match. Refer to the Compact Power and
Energy Meter (T-VER-E50B2) Full Install Guide for details on how to change the settings on the device.

3. Select any other Launch settings as desired and then click Start to launch the logger with the Onset
Power Meter settings (note that the Start button name changes depending on when you chose to
begin logging).

Additional Series for Plot Setup
Datafiles from a logger with Onset Power Meter settings not only list logged sensor data, but they also contain
additional derived series automatically calculated in relevant units. HOBOware uses the logged data from each of
the three enabled sensors (reactive energy, real energy, and amp hours) to derive, or calculate, up to six additional
data series that you can plot. These derived series are numbers 9 through 14 in the Plot Setup dialog box example
below. Select the series you wish to view and then click Plot. These series are always available for plotting any time
you open the datafile.
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The following table lists the calculations for all derived series. It also specifies which of the three Onset Power
Meter sensors/channels must be enabled at launch time for these series to be available upon readout.
Derived Series
Name

Calculated By

Requires these Channel(s)
to be Enabled at Launch

VAR

VARh / (logging interval in seconds / 3600)

Reactive Energy (VARh)

VA

VAh / (logging interval in seconds / 3600), where VAh
= SQRT (Wh² + VARh²)

Reactive Energy (VARh) and
Real Energy (Wh)

Volts (V)

VAh / Ah, where VAh = SQRT (Wh² + VARh²)

Reactive Energy (VARh) and
Amp Hours (Ah)

Power Factor (PF)

Wh / VAh, where VAh = SQRT (Wh² + VARh²)

Reactive Energy (VARh) and
Real Energy (Wh)

Power (W)

Wh / (logging interval in seconds / 3600)

Real Energy (Wh)

Power (kW)

Wh / (logging interval in seconds / 3600) / 1000 OR W
/ 1000

Real Energy (Wh)

Amps (A)

Ah / (logging interval in seconds / 3600)

Amp Hours (Ah)

Checking Dates for the HOBO U26 Dissolved Oxygen Logger Sensor
Cap
The HOBO U26 Dissolved Oxygen logger has a replaceable DO sensor cap intended for six months of use plus a
one-month grace period. Once the cap is initialized, an internal clock within the logger will count down to the
seven-month expiration date.
A new sensor cap can be initialized several ways:
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• When the logger is launched, it will automatically be initialized when logging begins.
• You will be prompted to initialize it when checking the Status.
• You will be prompted to initialize it when using the Lab Calibration tool.
• If you replace an existing sensor cap while the logger is logging, it will automatically be initialized.
Once the 7-month countdown begins, you can see information about the sensor cap in the Status window as
shown below.

In the Device Details pane, three key DO sensor cap dates are displayed:

• Expiration date, at which time you'll need to replace it with a new cap. Important: The logger will not
collect any data after the cap has expired.

• Initialization date, which is the date the cap was initialized and the date the 7-month countdown
began.

• Manufactured date; the cap has a shelf life and must be used within two years of this date.
For details on installing or replacing the DO sensor cap, see the logger manual.

Using the Lab Calibration Tool with the HOBO U26 Dissolved Oxygen
Logger
Lab calibration is available for HOBO Dissolved Oxygen (U26-001) loggers. Use this tool when you need to calibrate
the logger before deploying it or after replacing an expired sensor cap. The tool sets the gain and offset adjustment
values for the logger by:

• Restoring logger calibration values to the factory defaults,
• Using your own gain and offset adjustment values, or
• Calculating the values with a three-step calibration procedure.
In the three-step procedure, the logger is first calibrated to 100% saturation by placing it in water-saturated air.
Then, you can calibrate the logger to 0% saturation by placing it in sodium sulfite or another 0% oxygen
environment (recommended if the logger will be deployed in water with DO levels of 4 mg/L or less).
Important: Lab calibration only affects future launches; any data saved in the logger will be based on the previous
calibration values.
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To complete these steps, you will need fresh water, the calibration boot and sponge supplied with the logger, and
a source for current barometric pressure at your current location. You will also need sodium sulfite solution and a
3 inch beaker if you will be calibrating to 0% saturation.
The fresh water, logger, and sodium sulfite (if applicable) should be left out in the lab where the calibration is
being done long enough so that they are at room temperature. If the logger had been deployed previously, make
sure the sensor is clean and dry (see the logger manual for more details).
To use the Lab Calibration tool:
1. Connect a HOBO Dissolved Oxygen logger to the computer. Stop the logger if it is currently logging or
awaiting a coupler or delayed start.
2. From the Device menu, click Lab Calibration. Note: If the sensor cap is installed and it has not yet
been initialized, you will be prompted to do so. Follow the instructions on the screen. The sensor cap
will expire in seven months once initialized.
3. The current gain and offset adjustments are displayed in the top pane of the window, along with the
date and time the last lab calibration was completed (if applicable). Completing Steps 1 through 3 in
this window will result in new gain and offset adjustment values based on the current logger
conditions. Continue to the next section for details on how to complete these steps.
If you already know what the gain and offset values should be (for example, the values from a previous
calibration that you want to use again) or want to return to the default factory values, click the “I know
my values, skip to Finish” button. This will automatically move you to “Step 3: Finish.” Either click the
“Reset to Factory Defaults” button or type in new gain adjustment and new offset adjustment values and
click the “Send Calibration to the Logger” button. Note: If you decide you do not need to change the
calibration, click Close to cancel the calibration and revert back to the last saved logger values.
Step 1: 100% Saturation
1. Enter the barometric pressure for your current location in one of five available units. If the barometric
pressure reading has been adjusted for sea level (such as a reading taken from the National Weather
Service weather station), select the "If using sea level barometric pressure, enter elevation" checkbox
and enter your elevation in either meters or feet.
2. Make sure the logger either has the protective guard or the anti-fouling guard installed (whichever
guard you plan to use in the deployment) so that the sensor is covered.
3. Wet the small sponge that shipped with the logger with fresh water. Squeeze out any excess water.
4. Place the sponge in the end of the calibration boot.
5. Insert the logger in the calibration boot so that there is approximately a 1 cm (0.5 inch) overlap
between the end of the boot and the body of the logger. This will ensure there is enough space
between the end of the logger and the sponge (the logger should not be pressed up tightly against the
sponge).
6. Wait for approximately 15 minutes until the logger reaches temperature equilibrium. Important: The
logger will "go to sleep" if there is no activity for 30 minutes. To avoid this, click the "Get DO value
from the logger" button as described next in step 7 well before 30 minutes have passed. If the logger
does go to sleep, a message will appear indicating that there was a communication failure. You may
need to close and reopen the Lab Calibration window to reactivate the logger. Follow the instructions
on your screen.
7. Click the "Get DO value from the logger" button to display the 100% saturation results. You can click
this button as often as needed. The results are updated each time you click the button. To check for
equilibrium, click the “Get DO value from the logger” button several times in a row to check the
current “DO Conc from logger at 100% Saturation” value. If the value remains the same or varies very
little with each button click, then temperature equilibrium has likely been reached.
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8. When you are satisfied with the results displaying, click the Next button to proceed to "Step 2: 0%
Saturation."

Step 2: 0% Saturation (optional)
If the logger will be deployed in water with DO levels greater than 4 mg/L, click the “Skip this Step” button.
Otherwise, continue with the following procedure.
1. Make sure the logger either has the protective guard or the anti-fouling guard installed (whichever
guard you plan to use in the deployment) so that the sensor is covered.
2. Pour the sodium sulfite into the beaker so that it is about two-thirds full.
3. Place the sensor end of the logger into the solution so that the entire protective cap or anti-fouling
guard and at least 2.5 cm (1 inch) of the logger body are submerged in the beaker. Allow it to rest on
the bottom of the beaker.
4. Wait a few minutes until the logger reaches temperature equilibrium. Important: The logger will "go
to sleep" if there is no activity for 30 minutes. If this happens, you will need to close and reopen the
Lab Calibration window to reactivate the logger and, as a result, repeat the calibration for 100%
saturation. To avoid this, click the "Get DO value from the logger" button as described next in step 5
well before 30 minutes have passed.
5. Click the “Get DO value from the logger” button to display the 0% saturation results. As with the 100%
calibration, you can click this button as often as needed. The results are automatically updated each
time you click the button. If the value remains the same or varies very little with each button click,
then temperature equilibrium has likely been reached.
6. When you are satisfied with the results displaying in the Step 2: 0% Saturation tab, click the Next
button to proceed to "Step 3: Finish."
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Step 3: Finish
The results from the first two steps are displayed as well as the overall calibration results and the new gain and
offset adjustment values. If you are satisfied with the results, click the "Send Calibration to Logger" button. The
logger will then be calibrated based on the new values. Click the Back button to return to a previous step if you
wish to repeat Step 1 or Step 2. These values will not take effect until the logger is launched. If you do not want to
save these values, click Close to cancel the calibration and revert back to the last saved logger values. Or, click
"Reset to Factory Defaults” to return to the original values. If you performed Step 2, then remove the logger from
the solution and thoroughly rinse it with fresh water to remove any excess sodium sulfite. See the logger manual
for additional details on cleaning the logger.
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Updating UX/MX Series Logger Firmware
You can update the firmware in a UX or MX series logger as needed with HOBOware. You may see that an update
is available when opening the Launch Logger or Status window, or Onset Technical Support will notify you when
this is necessary. If you download a firmware file as instructed by Onset Technical Support, then place the
downloaded file into the following directory:
For Windows 7 or Windows 8: C:\Users\Public\Documents\HOBOware Public Files\FWUpdates
For Windows XP: C:\Documents and Settings\All Users\Shared Documents\HOBOware Public Files\FWUpdates
For Macintosh: /Users/&lt;user&gt;/Documents/HOBOware/FWUpdates
To update UX series logger firmware:
1. Connect a UX or MX series logger to the computer.
2. Important: Stop and read out the logger and save the file before updating the firmware.
The update process will delete all existing data in the logger so be sure to stop and read out the logger
before continuing with the next step.
3. From the Help menu, select Update Logger Firmware and then select Update UX/MX Series Logger
Firmware. Note: This is not necessary if a message indicates that a firmware update is available after
opening the Launch Logger or Status window. Continue with the next step instead.
4. If there is a newer firmware version available than the version currently installed in the logger, a
message appears indicating a firmware update is available. Click Yes to continue.
If a newer firmware version is not detected, then a message appears indicating there are no updates
available for this logger. There may be instances where you have downloaded a firmware .hex file
from the Onset website and need to locate this file. If so, click Yes when this message appears to find
the file. Otherwise, click No to close the message and exit the update process.
5. In the Update UX/MX Series Logger Firmware window, the suggested firmware file for use with the
current logger is displayed. The logger model number will be listed within the file name for you to
double-check that it is the correct version for the logger you are updating. If the file listed is the one
you wish to use, then click Continue. If it is not the correct file or you wish to locate a different file
based on instructions from Onset Technical Support, click Select Firmware and locate the appropriate
file. Note: If you click Cancel, you may still be prompted for an additional firmware update in some
instances. Click Cancel again to completely exit the procedure.
6. A message appears warning you not to disconnect the logger until the update process is complete.
The update process should take a couple of minutes. If you have not already read out the logger and
saved the data, then click No to cancel the update and return to step 2. Otherwise, if you are ready to
update the firmware in the logger, click Yes to continue.
7. As the firmware update process takes place, "Boot" will display on the logger LCD screen. Do not
disconnect the logger during this process. Once the update is complete, a message will appear
indicating the update was successful. UX100 series loggers require an additional firmware update. A
message will appear automatically if a second update is necessary.
For HOBO Plug Load (UX120-018) loggers only: Once “HOBO” appears on the LCD screen, disconnect
the USB cable and then reconnect it before continuing to the next step.
Repeat steps 4–7 if another firmware update is available.

Note: If "Boot" remains on the logger LCD screen after this is complete, the device may need to be
reset. Contact Onset Technical Support for help.
8. After the firmware update process is complete, you will need to launch the logger before you can use
it again. If you'd like to launch the logger immediately, click Yes. Otherwise click No to close the
message and click Launch from the Device menu to launch the logger at a later time.
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Fixing "Read Header Failed" Error
Occasionally, when trying to launch, check status, or read out a U-Series logger (other than a HOBO U30 Station),
HOBO Waterproof Shuttle, or HOBO U Shuttle, you may receive the following error: "Read Header Failed." These
messages occur when a device's header cannot be read, usually because of a communication error or corrupted
header. Disconnect the device from the computer, then reconnect it and try to launch, check status, or read out
again.
If you receive the message again, the header has probably become corrupted. The most common cause of header
corruption is a communication problem during launch, such as the USB cable coming loose or an optical logger
slipping out of its base station/coupler while the Launching Logger progress bar is displayed. In that case, there is a
possibility that valid data has been logged, but cannot be read out.
You can restore the header by launching the logger or shuttle. This will reset the device's launch options to factory
defaults. However, it will also cause any logged data or offloaded data from a shuttle to be lost. If you receive a
"Read Header Failed" message and are unable to read out the logger or offload a shuttle, please contact the
vendor that sold you the device. It may be possible to retrieve the logged data.
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Chapter 6
HOBOnode Manager
HOBOnode Manager is the software tool within HOBOware Pro for setting up and managing a ZW wireless data
network, which consists of a receiver, data nodes, and router nodes.
For information about setting up a network, refer to the ZW Series Wireless Network Quick Start Guide available
on www.onsetcomp.com.
For help with deploying a network in your facility, refer to the HOBO Data Node Deployment Guide also available
at www.onsetcomp.com.
To open HOBOnode Manager for the first time, select the Device menu and choose Manage HOBO Data Node
Network.
Notes about operating HOBOnode Manager:

• When HOBOnode Manager is open, two HOBOware icons appear in the Windows taskbar.
• You cannot access HOBOnode Manager if a HOBOware window, such as Logger Launch or Status, is
open.

• You can close HOBOnode Manager and leave HOBOware running, but you cannot close HOBOware
and leave HOBOnode Manager running. If you close both HOBOnode Manager and HOBOware, device
communication can continue to run, which allows incoming data from the network to be uploaded to
the computer. A HOBOware icon appears in your system tray when device communication is running.
Note that the next time you open HOBOnode Manager, it could take several minutes for the real-time
plots to reflect all the stored data.
To stop device communication, right-click (or left-click on a Mac) the system tray HOBOware icon to
access the Device Communication menu, which shows the receiver status and has options for
stopping device communication and starting HOBOnode Manager. Device communication must be
stopped when updating HOBOware software.

• An icon appears in the status bar at the bottom of the main HOBOware window to show whether the
receiver is currently connected. If the receiver is connected, you'll see this
in the bottom right corner of the HOBOware window. If the receiver is disconnected, you'll see this
instead. The "No devices connected" message next to the receiver icon
does not refer to devices within your data node network; it indicates that other devices, such as
loggers and shuttles, are not currently connected. If you were to connect a logger or a shuttle, that
message is updated independently of the receiver icon.
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A Tour of HOBOnode Manager
This topic provides a description of the elements in HOBOnode Manager.

1. Tabs. Click the tabs to toggle between the Plots, Map, and Alarms pages.
2. Device Table. The Device Table displays information about the receiver and each node and configured
sensor in your network. Use the Device Table to:

• Select a device by checking the appropriate box in the Select column.
• Double-click the <Enter label here> field to assign a name, or label, to the node or sensor. Type
in the name and press Enter.

• See a list of all network devices in the Type column, which lists the device by part number,
followed by sensor part number as applicable.

• View the serial number for the device in the S/N column.
• Check the current status of the device, listed in the Status column. Data nodes and router
nodes are listed as either Active (communicating with the receiver) or Missing (not
communicating with the receiver). As with data notes and router nodes, sensor status can be
Active or Missing, but it also be listed as Off if it is an external sensor that has not been
configured. Receiver status is either listed as Connected or Not Connected.

• See what the sensor is configured to measure in the Meas. type column. The measurement
type is automatically filled in for internal sensors. The measurement type listed for external
sensors is determined by the selections in the Configure Sensor dialog.

• Check the latest reading for each sensor in the Reading column, and the time that reading was
taken in the Time column.

• View device readings in a real-time plot. Check the box in the Plot column to generate a realtime plot for that device.

• See what group(s) the sensor has been assigned to in the Group column.
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• Add the device to a map. Check the box in the Map column to add that device to the map. Drag
the icon to the desired location on the map click the mouse button.

• Check whether an alarm has tripped for a specific device in Alarm column. A grey alarm icon
means an alarm has not been set up for the device. A green alarm icon means an alarm has
been set up, but has not tripped as of the latest reading. A red alarm indicates the alarm for
that sensor has tripped.

• Check the signal strength between the device and receiver or the device and the nearest
router in the Signal column. If the signal is low, there may be obstructions or other
interference preventing the device from communicating to the receiver or router.

• Check the battery level for a specific device in the Battery column.
You can change the sort order in a column by clicking the column header. Right-click anywhere in the
Device Table to restore the sort order. You can also show or hide individual columns by clicking the
icon above the vertical scroll bar in the Device Table.
3. Configuration Bar. Use the Configuration Bar to select all or none of the devices, to quickly change the
sensor type for external sensors, to assign sensors to groups, or to open the Configure window for
additional sensor settings.
4. Help button. Click this button to access HOBOnode Manager help. Click the Open topic with
navigation link to open the full Help table of contents.
5. Actions button. From the Actions button, you can print a copy of the device table, edit preferences, or
create a new deployment.
6. Plot/Export Data button. Click this button to open the Plot/Export Wireless Data window, from which
you can select sensor data to plot in HOBOware or export to a .csv or .txt file for use in another
program.
7. Form Network button. Click this button to create a network and add data nodes and router nodes to
it.

Viewing Real-Time Plots
In the plots window, you can view sensor data in real-time plots. You can plot a maximum of 20 sensors at once.
To view the real-time plot for sensors:
1. Select the Plot box in the Device Table for each sensor you want to view.
2. Select Sensor or Measurement view tab.
In Sensor View, there is a separate plot for each sensor.
In Measurement View, there is one plot for each Measurement Type (such as temperature), which
may contain separate entries for multiple sensors.
3. Change the time frame of the plot using the Time Frame tabs.
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• Use the Sort Plots By drop-down list to change the order of the plots.
• Use the Reorder Plots arrow to reverse the order of plots.
• Use the Plot Toolbar to zoom in or out, pause the plot, or print the plot.

Plotting Preferences
To change preferences that apply to real-time plots only, see Setting HOBOnode Manager Preferences.
Use the general HOBOware Plotting Preferences to change the appearance of plots. To apply changes to real-time
plots, re-start HOBOnode Manager or uncheck the sensor Plot box and then re-check. To open the Plotting
Preferences, from the main HOBOware menu select File > Preferences and then click the Plotting tab.

Determining Data Node Type
There are three types of devices displayed within HOBOnode Manager: the data receiver (ZW-RCVR), end-point
data nodes (ZW-0xx), and node/routers. A node/router can be either a data node (ZW-0xx) that was initially
powered by an AC adapter instead of batteries or a router node (ZW-ROUTER) that routes data only and does not
have recording capability. Use the icons in the device table to identify data node types. This is particularly helpful if
you need to verify whether a data node (ZW-0xx) is acting as a data node only or if it also has routing abilities.
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For another way to see whether the device is a data node only or a data node/router, double-click the device to
open the Configure Node dialog. Check the Device Type for the device part number and description. In the
example below, the device is operating as a both a data node and a router so the Device Type is listed as "ZW-006
(Node/Router)." If this device was powered by batteries only, then it would be operating as a data node and not a
router, and listed as "ZW-006 (Node)."

Changing Logging and Connection Intervals
There are two types of intervals associated with data nodes:

• the logging interval, which is how often the node records data and
• the connection interval, which is how often the node transmits data to the receiver.
When a data node joins a network, it uses the default logging and connection intervals that are set within the
general preferences (upon installation of the software, the default logging interval is 1 minute and the default
connection interval is 10 minutes). However, you can also define logging and connection intervals on a per-node
basis, which gives you the flexibility of having data nodes logging and transmitting data at different rates.

Changing Default Values in Preferences
To change the default logging and connection intervals, click the Actions button in HOBOnode Manager and select
Edit HOBO Data Node Preferences. Or, within HOBOware, select File > Preferences on Windows or HOBOware >
Preferences on Macintosh and click Data Nodes. The default logging and connection intervals are under the
General category of the data node preferences.
Select a preset value or set a custom interval. The minimum logging interval is 1 minute, and the minimum
connection interval is 2 minutes.

These default values will only be used for new data nodes that join the network. Changes to these default intervals
will not affect data nodes that are already logging or that have been previously configured with their own
individual logging or connection interval.

Changing Intervals for Individual Data Nodes
To change the logging and connection intervals on an individual data node:
1. Double-click the data node entry in the Device Table to open the Configure Device window.
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2. Change the logging interval and connection interval as required.
3. Click OK.
The changes will take effect the next time the data node connects to the receiver; they will only apply to that
particular data node and its sensors. All other data nodes in the network will continue logging and connecting at
their current intervals.

Setting up External Sensors
Important: Refer to the documentation that came with your sensor for specific connection and wiring information.
Data nodes support various external sensors that plug into one of two kinds of ports:

Most external sensors are not automatically configured. You must assign a sensor type for any external sensors
connected to the data node (except for the External Temp/RH sensor). If you do not assign a sensor type, the
device will not record any data for that sensor.
The ZW-005 and the ZW-007 support the External Temp/RH sensor (Part # CABLE-TEMP/RH), which plugs into the
External Temp/RH Sensor Port (#1 in the photo above). This sensor is preconfigured and you do not have to select
a sensor type. Separate rows appear under the node for the Temperature and RH channels with corresponding
entries in the Type column.

Some data nodes support up to four configurable external sensors, which plug into one of the 2.5mm Stereo Ports
shown (#2 in the photo above).
You must select a Sensor Type in HOBOnode Manager for these sensors. When the data node appears in the
Device Table, configurable external sensors will not have an entry in the Type column.
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To select a Sensor Type for an external sensor:
1. Double-click the row for the sensor in the Device Table.
2. Select the Sensor Type from the drop-down list.
3. Add a label for the sensor (optional).
4. Click OK.
Once you select a sensor type, the Status will change to ACTIVE and the appropriate measurement type will appear
in the Measurement Type column.
Some sensors must be scaling to give you meaningful data. Refer to Configuring Scaling on a Sensor for more
details.

Configuring Scaling on a Sensor
Some sensors need to be scaled to provide meaningful data. Scaling is set through the Configure Scaling window.
To open this window:
1. Double-click the sensor in the Device Table to open the Configure Sensor window.
2. Select the Sensor Type if not already selected.
3. Click the Configure button.
To set scaling for the sensor:

1. Check the scaling type is correct. The scaling type is automatically selected based on the type of
sensor selected. Linear scaling is enabled for analog sensors; pulse scaling is enabled for pulse sensors.
Note: Click the View Scaling Factors button to see scaling factors by sensor.
2. Enter the scaled measurement type. The Raw Measurement is the source measurement type, such as
Current, Voltage, or Counts.
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3. Enter the scaled units. The Raw Units is the type of output the sensor uses, either V or mA,
corresponding to the type of sensor selected. Raw Value 1 and Raw Value 2 should be entered using
these units.
4. Type in the Raw and Scaled numbers for Value 1. For Raw Value 1, enter the low raw value given by
the external sensor. For Scaled Value 1, enter the value in the same units that were specified in the
Scaled Units box. The Scaled Value 1 is the value that will appear on the plot when the sensor reports
a raw value equal to Raw Value 1.
5. Type in the Raw and Scaled numbers for Value 2. For Raw Value 2, enter the high raw value given by
the external sensor. For Scaled Value 2, enter the value in the same units that were specified in
the Scaled Units box. The Scaled Value 2 is the value that will appear on the plot when the sensor
repors a raw value equal to Raw Value 2.
6. Click OK when done.
Once scaling is configured on a sensor, the scaled icon will appear in the Meas. Type column in the Device Table.

Scaling Factors
Click the link below to see the scaling factors for your sensor model.

• Wattnode: T-WNB-3Y-208/ T-WNB-3D-240 / T-WNB-3D-480
• Veris: T-VER-8051-300/ T-VER-8053-800
• Veris: T-VER-H970-200
• Veris: T-VER-971BP-200
• Veris: T-VER-PXU-L/ T-VER-PXU-X
• Ion: T-ION-TVOC

Wattnode Scaling Factors: T-WNB-3Y-208/T-WNB-3D-240/
T-WNB-3D-480
Use the table below to find the Kilowatt-hours per pulse for your CT Size and WattNode model and enter it in the
Scaled Value 1 box.
Cable Required/Sensor Type: CABLE-2.5-STEREO

Example
This example shows the values you would enter in the Configure Scaling window for a Wattnode 3Y-208 with a 5
amp CT. Pulse should be selected automatically. In the Scaled column, type "Energy" for Measurement and "kWh"
for Units. For this example, the Raw Value 1 is "1" and the Scaled Value 1 is "0.000125."
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Kilowatt-hours per pulse
Kilowatt-hours per pulse
CT Size (amps)

Model #: 3Y-208/3D-240

Model #: 3D-480

5

0.000125

0.0002885

15

0.000375

0.0008656

20

0.0005

0.0011541

30

0.00075

0.0017313

50

0.00125

0.0028854

60

0.0015

0.0034625

70

0.00175

0.0040396

100

0.0025

0.0057708

150

0.00375

0.0086563

200

0.005

0.011542

250

0.00625

0.014427

300

0.0075

0.017313

400

0.01

0.023083

600

0.015

0.034625

800

0.02

0.046167

1000

0.025

0.057708

1200

0.03

0.06925

1500

0.0375

0.086563

2000

0.05

0.11542

3000

0.075

0.17313
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Veris Scaling Factors: T-VER-8051-300/T-VER-8053-800
The consumed energy in kilowatt-hours (kWh) per pulse for these sensors is determined by the DIP switch setting
on the transducer. The default is “1.00” kWh / pulse, at which the scaling factor is 1 = 1. If you change the default
DIP switch settings, adjust your scaling factors accordingly, as shown below.
The data recorded by the data node will be the number of counts (pulses) per sampling interval.
Cable Required/Sensor Type: CABLE-2.5-STEREO

1.0 kWh Per Pulse (Default)

0.5 kWh Per Pulse
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0.25 kWh Per Pulse

0.10 kWh per Pulse

Veris Scaling Factors: T-VER-H970-200
The T-VER-H970-200 has a selectable range for Linear Scaling: mA or Volts -> Amps. An AC-DC power adapter with
a minimum of 6W @ 35mA is required for excitation power.
Cable Required/Sensor Type
Use the appropriate cable to connect the sensor to the data node and select the corresponding cable in the Sensor
Type drop-down when configuring the External Sensor in HOBOnode Manager.

• For 4-20mA output, use CABLE-4-20mA.
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• For 0-5vdc output, use CABLE-ADAP5.

0-50 Amps

0-100 Amps

0-200 Amps

Veris Scaling Factors: T-VER-971BP-200
The T-VER-971BP-200 has a selectable range for Linear Scaling of mA to Amps for current flow in both directions.

Cable Type/Sensor Type
Use a CABLE-4-20mA to connect the sensor to the data node and select CABLE-4-20mA in the Sensor Type dropdown when configuring the External Sensor in HOBOnode Manager.
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Notes:

• Requires 12-24VDC @ 35 to 110 mA excitation power depending on DC current load.
• An AC-DC power adapter with a minimum of 6W @ 65mA is required.
• For currents over 120 Amps, supply voltage to CT must be at least 15V to maintain accuracy.
• Minimum Warm-up Time is 8-10 seconds.

Span Setting
The H971 comes preset at the maximum (0-200A) span. To adjust the H971 to a different span, locate the
potentiometer on the top of the device. This potentiometer is a multi-turn device, taking about 23 turns to adjust
the span from ±20A to ±200A. Use the potentiometer to adjust the maximum amperage range used by the sensor.
The smallest amperage range (0 to ±20 A) is set by turning the potentiometer fully counterclockwise; the greatest
amperage range (0 to ±200 A) is set by turning the potentiometer fully clockwise.
To determine the best amperage range for an application, first set the load to the maximum amperage that will be
used. Use the LED as a guide to adjust the potentiometer to its optimum setting. Verify the measured output
current matches the load current using a current clamp meter.
LED Activity

Potentiometer Adjustment

Steady green blink

Turn CCW until LED blinks rapidly, then slowly turn CW just until blink returns to
steady rate.

Rapid green blink

Turn CW until LED blinks at a steady rate.

For an alternate method, see the Veris Installation Manual:
http://www.veris.com/docs/Installs/h971_971SP_i0d2.pdf

Scaling Graph
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0-20mA

0-100mA
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0-200mA

Veris Scaling Factors: T-VER-PXU-L/T-VER-PXU-X
These Veris differential pressure transducers use Linear Scaling, mA or Volts -> "WC".
The analog output for these Veris sensors is determined by which screw terminals are connected either to a
CABLE-4-20mA or to CABLE-ADAP5 or to CABLE-ADAP10. See the documentation that came with the hardware for
details.
Both models have switch-selectable ranges and scales. The examples below show the scaling parameters you enter
in the Configure Scaling window for the supported output ranges and raw values.
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0 - 0.1 in. W.C.

0 - 0.25 in. WC
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0 - 0.5 in. WC

0 - 1.0 in. WC
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0 - 2.5 in. WC

0 - 5.0 in. WC
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0 - 10.0 in. WC

Ion Scaling Factors: ION-TVOC
The ION-TVOC uses Linear Scaling, mA -> ppm.
Cable Required/Sensor Type: CABLE-4-20mA
NOTES

• Requires Loop power of 22 mA. Lamp and electronics require 65 mA.
• An AC-DC power adapter with a minimum of 6W @ 35mA is required for excitation power.
0-10 ppm
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0-100 ppm

0-1000 ppm

Setting HOBOnode Manager Preferences
You can change preferences for several features within HOBOnode Manager. You can access HOBOnode Manager
preferences one of two ways:

• In HOBOware, select File > Preferences on Windows or HOBOware > Preferences on Macintosh and
click Data Nodes.

• At the bottom of the HOBOnode Manager window, click the Actions button and select Edit HOBO Data
Node Preferences.

General Preferences
The following general preferences are available:

• Default Logging Interval. This is how often data nodes will log data. The default is 1 minute.
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• Default Connection Interval. This is how often data nodes will send data to the receiver. The
default is 10 minutes.

• Timeout when forming network. This is the amount of time that you can add a data node to the
network after you click the Form Network button. By default, Form Network mode will remain active
until you click the X on the Form Network progress indicator.

• A node is MISSING when it is late by. This is how long a node must go without sending data to
HOBOnode Manager for it to be marked as missing. When a data node is missing, its status in the
Device Table will be MISSING, and a MISSING NODE alarm will be tripped (if configured). The default is
10 minutes.

• When the HOBOnode Manager is closed, keep device communication running. This controls
whether device communication automatically remains running when you exit HOBOnode Manager.
The default is to keep it running.

• Start the HOBOnode Manager and device communication automatically when HOBOware
starts. This controls whether HOBOnode Manager and the device communication automatically starts
immediately upon opening HOBOware. The default is to not automatically open HOBOnode Manager
and the device communication when HOBOware is opened.

• Highlight row in table when clicking on a sensor or data node in the map. This controls
whether the corresponding row in the device table is automatically highlighted when you select a
device in the HOBOnode Manager map. This is enabled by default.

• Show informational popups in the device table when new nodes are added. This controls
whether a message is displayed every time a new device is added to the device table. This is enabled
by default.

Alarms Preferences
See Setting Alarms Preferences.

Real-Time Plots Preferences
You can customize the plots that appear in HOBOnode Manager by increasing the number of sensors you can plot
at one time, adding the ability to view monthly data, displaying alarm thresholds, and more. These preferences are
specific to real-time plots only. See Plotting Preferences for details on how to change general plot appearance,
such as changing font type and size, adding gridlines, or modifying axis details.

• Maximum number of sensors to plot. Select how many data node sensors you want to be able to plot
at one time within HOBOnode Manager. You can select from 1 sensor to 100, with a default of 20.

• Enable MONTH view in real-time plots. Select this checkbox to add a Month button to the Plots tab in
HOBOnode Manager. You can then plot data by hour (4 hours), day, week, or month. The Month view
is disabled by default.
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• Maximum number of days of observations to plot. Select how many days worth of data you want to
view in the plot, up to 31. The default is 7 days.

• Show alarm thresholds on real-time sensor plots. Select this checkbox to add a visual indicator, or
reference point, when a sensor alarm has tripped.

 Select Show alarm threshold as line to display the alarm threshold on the real time plots
as a horizontal line. An example of this type of reference point is the red line in the
following plot where an alarm was configured to trip at above 95 degrees Fahrenheit.

 Select Show alarm threshold as interval to display the alarm threshold as a shaded
area: red when the alarm is above the specified threshold and blue when it is below.
Using the same example, there is a red shaded area from above 95 degrees on the
following plot instead of a single red line.

Data Storage
This lists the current location of the HOBOnode Manager database. For more information, see Data Storage
Location.

Sharing
This provides options for sharing HOBOnode Manager data via HOBOnode Viewer or automatic data delivery. See
Enabling HOBOnode Viewer and Setting up Data Delivery.
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Working with HOBOnode Manager Data
There are several ways you can analyze data gathered in HOBOnode Manager. In addition to the viewing the realtime plots and information in the Device Table, you can:

• Plot or export data for use in HOBOware or external programs
• Set up groups to organize data
• Set up a HOBOnode Viewer web page for viewing on a local area network
• Automatically send data to others via email or FTP, or save it to a computer on a local area network

Plotting or Exporting Wireless Data
With HOBOnode Manager, you can view data and plots from your HOBO data node wireless network in real time,
but you also have the ability to plot or export previously logged data. Using the Plot/Export Wireless Data
capability, you can plot data directly in HOBOware or you can export it to a text or .csv file to open in another
program for further analysis. You can pinpoint the exact data you wish to plot or export, allowing you to view data
from:

• Current and/or previous network deployments,
• Specific data nodes,
• A subset of certain sensors from selected data nodes,
• Groups of data nodes as configured in HOBOnode Manager, and
• A specific date range or timeframe.
In addition, you can save frequently used settings for quick plotting and exporting in the future and for use with
data delivery, which allows you to share data automatically via email, FTP, or saved to a drive on a regular
schedule.
To open the Plot/Export Wireless Data tool, click the Plot/Export Data button in HOBOnode Manager (or from the
File menu in HOBOware, select Plot/Export Wireless Data).

To use the Plot/Export Wireless Data tool:
1. Select the deployment that contains the data you wish to plot or export.

2. Select the data nodes with the sensors whose data you wish to plot or export.
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3. Each sensor for the data node that you selected in Step 2 will appear in a list as shown below. Click the
down arrow icon for each sensor you wish to plot or export, or click the Include All Sensors button if
you want to plot or export data from all sensors in the list. Note: If you have set up groups in
HOBOnode Manager, you can also sort and select sensors within those groups. See Using Groups in
the Plot/Export window.

The sensors that you selected will move from the top half of the Step 3 pane to the bottom half as
shown below. In this example, all sensors were included and are now shown in the "Sensors to
plot/export" list. If you wish to make changes, you can either click the up arrow icon remove a specific
sensor from the list, or click the Exclude all sensors button to move all the sensors back to the top
(you'll then need to select the sensors you wish to plot or export again).

4. Choose the time range for the data you wish to plot or export. Select Custom and specify your own
start and end time, or select Preset and choose one of several pre-defined ranges from the drop-down
list.
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5. Once you have all the settings selected, click the Export or Plot button. Clicking the Export button will
open the Export window. Clicking the Plot button opens the Plot Setup window, where you can select
the series that will appear in the graph in HOBOware.

Notes:

• If you want the current settings to always appear in the Plot/Export Wireless Data window, then select
the "Use these settings as window default" checkbox.

• You can save different combinations of settings to a configuration file in the Plot/Export Wireless Data
window for future use, or for use by the data delivery feature. Click the Save Settings button, type a
name, and press Enter. Then click the Load Settings button and choose the configuration file you wish
to use for the current plot or export.
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Using Groups to Sort Sensors
You can assign sensors to groups in the Device Table and then use them to sort rows in the table, or to refine a list
of sensors in the Plot/Export Wireless Data window.

Creating Groups and Adding Sensors
1. In the Device Table, select the sensor(s) you want to add to a group.
2. Click Groups.
3. In the <New Group> box, enter a name for the group and press Enter.

The Group Name appears in the table for each sensor selected.

Adding Sensors to a Group
To add a sensor to an existing group:
1. Select the sensor(s).
2. Click Groups.
3. Check desired groups(s).
4. Click Apply Selected Groups.
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See Using Groups in the Plot/Export Data Window.

Sorting by Group
Click the Group(s) column header to sort rows by groups.

Deleting or Renaming a Group
Select Manage Groups from the Groups drop-down.
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The Manage Groups window appears.

• To change the name of the group click the Edit icon and enter the new name.
• To delete a group, click the X.

Using Groups in the Plot/Export Wireless Data Window
Once you have set up groups in the Device Table, you can use them to refine the list of available sensors in the
Plot/Export Wireless Data window.
To set up groups, see Using Groups to Sort Sensors.

1. Check the "Use Groups to filter list" box.
2. Click the Match any Group button.
3. Select Groups. Select the groups you want to include in the list.
4. Select the Match Criteria. Select "Match any selected Group" and any sensors that are a member of
any of the groups selected will appear. Select "Match all selected Groups" and only sensors that are a
member of all of the groups selected will appear.
5. Select OK.
Only the sensors that match the group criteria will appear in the Node Sensors list.
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Viewing Current Sort Criteria

Enabling HOBOnode Viewer
You can view plots and data from your HOBO data node network on your local area network with HOBOnode
Viewer. While HOBOnode Manager requires a direct connection on a dedicated PC to monitor your network,
HOBOnode Viewer gives you the flexibility to see data node plots and network status anywhere. This allows you to:

• Look at real-time data from your local area network with any browser
• Check on the data node network remotely to make sure it is running properly and that no devices are
missing or alarms have tripped

• Share data with others by sending them a link to HOBOnode Viewer
HOBOnode Viewer is a locally hosted website easily configured within HOBOware preferences. Once HOBOnode
Viewer is enabled, HOBOware will create a link for your own web page that displays the real-time plots and data
for your data node network. The HOBOnode Viewer web page will always be available as long as HOBOnode
Manager remains open on the computer with your HOBOnode database.
To access HOBOnode Viewer, you must first enable that feature within HOBOware preferences on the computer
running a data node network. This will create a link to a HOBOnode Viewer web page that you can use and share
with others. If you have not already set up a data node network using HOBOnode Manager, you must do that first
and then you will be able to activate HOBOnode Viewer from the same computer.
Windows note: If Windows Firewall is enabled on your computer, you may need to adjust the security settings to
allow access to HOBOware before enabling HOBOnode Viewer. To check this, open Control Panel, go to Security,
and select Allow a program through Windows Firewall (or click Windows Firewall and click the Exceptions tab on
some versions of Windows). Make sure HOBOware is selected in the allowed access/exceptions list. Note that you
must be administrator to make these changes.
To enable HOBOnode Viewer:
1. Open the preferences for data nodes. From HOBOnode Manager, click the Actions button and select
Edit HOBO Data Node Preferences. Or, to access preferences within HOBOware, select File
> Preferences on Windows or HOBOware > Preferences on Macintosh and click Data Nodes.
2. Click Sharing within the Data Nodes preferences, and then click HOBOnode Viewer.
3. Select the Enable HOBOnode Viewer checkbox.
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4. By default, the port number assigned for HOBOnode Viewer is 8080. You may use this one or change it
to any other available port. In most cases, the default 8080 port number will be available. However, if
this number is already in use by another web service application on the same computer, then you can
change it to any other available port. There are 0 to 65,535 ports. Port numbers 0 to 1023 are
restricted ports reserved for use by system services, such as FTP, Telnet, and HTTP. You may use any
other available port number from 1024 to 65,535 for HOBOnode Viewer.
5. Click OK in preferences and then restart HOBOnode Manager (close HOBOnode Manager and then
from the Device menu in HOBOware, select Manage HOBO Data Node Network to reopen it).
HOBOnode Viewer will not be fully enabled until you restart HOBOnode Manager.
6. After HOBOnode Manager has restarted, return to the HOBOnode Viewer preferences. Click the link,
or URL, to go to your HOBOnode Viewer web page.
The URL has the following structure:
htttp://<IP address>:<port number>/HOBOnodeViewer
where <IP address> is the IP address for the computer where your data node network is running and <port
number> is the port assigned for the HOBOnode Viewer in preferences.
To share the URL with others, click the link and then copy the URL from your browser and paste it an email
message to send to others who would like to view your data node network.
Note: HOBOnode Viewer is only available while HOBOnode Manager is running. If you close HOBOnode Manager
and then attempt to access HOBOnode Viewer, the web page will not open. Also note that the HOBOnode Viewer
will not be available outside your local area network unless you expose that computer outside of the network.
Contact your IT department if you would like to expose the HOBOnode Viewer.
To disable HOBOnode Viewer:
1. Open the preferences for data nodes. From HOBOnode Manager, click the Actions button and select
Edit HOBO Data Node Preferences. Or, to access preferences within HOBOware, select File
> Preferences on Windows or HOBOware > Preferences on Macintosh and click Data Nodes.
2. Click Sharing within the Data Nodes preferences, and then click HOBOnode Viewer.
3. Deselect the Enable HOBOnode Viewer checkbox.
4. Click OK in preferences and restart HOBOnode Manager.

Using HOBOnode Viewer
Many of the elements in HOBOnode Viewer are the same as HOBOnode Manager. Specifically, you can do the
following with HOBOnode Viewer just as you would with HOBOnode Manager:

• Organize plots by sensor or by measurement type
• View plot data hourly, by day, by week, or by month (the month view must be enabled in the
preferences for real-time plots)

• Sort the plots several ways, including by serial number, current reading, and alarm state
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• View a map of your network devices
• Check the device table for details on each device in your network
• Change the device table view by sorting the columns

There are, however, some key differences between HOBOnode Manager and HOBOnode Viewer.

• HOBOnode Viewer, as its name implies, is a viewer only. Any changes you wish to make to your
network, including updates to alarms or modifications to the map, need to be done directly in
HOBOnode Manager.

• With HOBOnode Manager, you can see all available sensor channels on all devices, including those
without a sensor type selected. HOBOnode Viewer displays enabled sensor channels only. If a device
in HOBOnode Manager has a channel listed as “OFF,” then that channel will not appear in HOBOnode
viewer.

• There may be some minor differences in plot appearance if you are comparing the plots in HOBOnode
Viewer to HOBOnode Manager. In general, plots are nearly identical, but there could be slight
differences in scaling.

• If you set up data delivery and chose to have files saved to your computer or a network drive, then a
Data tab will be visible in HOBOnode Viewer with a list of all files delivered through that service as
shown below. Click a file name to open or save the file.
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Note: If you change the file directory location in the data delivery settings, then you must restart HOBOnode
Manager before you can access the files from the Data tab in HOBOnode Viewer.
Any changes you make to your network with HOBOnode Manager will be reflected in the HOBOnode Viewer upon
the next refresh, or update. HOBOnode Viewer refreshes every 30 seconds. You can also use your browser’s
refresh feature if you want to see a change immediately.
Important: HOBOnode Viewer is only available while HOBOnode Manager is running. If you close HOBOnode
Manager and then attempt to access HOBOnode Viewer, the web page will not open. Always keep HOBOnode
Manager running to ensure anyone accessing HOBOnode Viewer can see the real-time plots and data.

Setting up Data Delivery
With data delivery, you can automatically save recorded sensor data from nodes in your network to a single .txt,
.csv, or .xls file on a regular schedule. This allows you to:

• Store data from your current data node network deployment for future reference and analysis,
• Access data remotely when you are away from the network, and
• Share data with others in a file that is distributed automatically via FTP or email, or saved to a
computer or network drive.
Before you can set up data delivery, you must first select which nodes and sensors you wish to include in the file by
saving the configuration settings. To do this:
1. From HOBOnode Manager, click the Plot/Export Data button.
2. Select the deployment name from the list.

1-800-LOGGERS

165

www.onsetcomp.com

HOBOware User’s Guide

3. Select the individual nodes you would like to include in the file or click the All button to select all
nodes.

4. Select the sensors you would like to include in the file or click the Include all sensors button.

5. Make sure all the sensors you wish to share in your datafile appear in the Sensors to plot/export list.

6. Select Preset and choose a preset time range to determine how much data will be exported each time
data delivery runs. In this example, we chose "Past 12 hours," which means only data from the past 12
hours will be exported via data delivery. The most recent 12 hours worth of data is shown for
reference. Note: Do not choose a custom time range. This is for immediate exports only. If you
choose a custom time range for data delivery, then data from that custom time-range only will be
exported every time data delivery runs.
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7. Click the Save Settings button and type a name, which will also be used for the data delivery file name,
and press Enter. Your configuration settings will be saved.

After you have selected the sensors you wish to include in the shared data file, you can then set up data delivery
within Preferences.
To do this:
1.

Open HOBOnode Manager.

2.

Click the Actions button and select Edit HOBO Data Node Preferences.

3.

Select Sharing, and then select Data Delivery.

Note: If you have not yet selected the sensors you wish to export, then you will see a message
indicating you need to create and save a settings file. You must select the sensors in Plot/Export
Wireless Data before continuing.
4.

Select how often you want to save the data from your network, from 1 minute to 7 days. This will
determine what schedule you use to share the data.
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5.

Select the name of the saved settings that you created in Plot/Export Wireless Data, such as
"Warehouse Zone A" in the example above.

6.

Select how you would like to share the file: via email, FTP, or saved to a computer or network location.
You may select more than one method of sharing the file.

Email:
Type the email address where you want to send the file and select the checkbox if you want to compress the file
before emailing it. Note: Data delivery uses the same email settings configured for alarm email notifications. If you
have never configured an alarm email, you must do that first, even if you don’t plan on setting any alarms.

FTP:
Enter the FTP server name, the directory name (remote folder), username, and password for the FTP location
where you want to place the file. Test the FTP Connection to make sure it successfully delivers the file to the
specified location. Select the checkbox if you want to compress the file before delivering it via FTP. Choose
whether you want to overwrite the existing file at that FTP location each time a new file is transferred, or if you
want to create a new time-stamped file each time.

Saving it to a hard drive or network:
Select the directory where you want to save the files. Choose whether you want to overwrite the file each time a
file is saved, or if you want to create a new file each time.
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When you are done configuring your data delivery settings, click OK in the main Preferences window.

The sensor data from your data network will then be saved and shared on the schedule that you selected. The data
will be saved as a .txt, .csv, or .xls file that you can import into HOBOware, Microsoft Excel, and other programs for
analysis. The file type is determined by the export settings in Preferences.
Notes:

• Data delivery will not run unless device communication is also running. This means if you opt to stop
device communication when you close HOBOnode Manager, then data delivery will also stop. Once
you restart the device communication, then data delivery will commence again on the previously
configured schedule.

• The preferences for data delivery may include the names of settings files from old network
deployments. If you enable data delivery and use the saved settings from an old deployment, you will
see a message indicating "No data found for selected sensors." Choose a settings file from the current
deployment, or create a new one with Plot/Export Wireless Data.
Important: Data Delivery will not work properly if the "Show export dialog" setting is selected in the export
preferences. To disable this setting, select Preferences from the File menu in Windows or the HOBOware menu in
Macintosh. In the General category, select Export Settings. Make sure "Show export dialog" is not selected. Even if
the "Automatically export table data upon readout of logger" option is disabled, the "Show export dialog" must not
be selected for Data Delivery to work properly. Your preferences must look like this:

or this:

but not like this:

for Data Delivery to work correctly.
Tip: You can also share data from your HOBO data node network by enabling a HOBOnode Viewer webpage. When
data delivery is configured to save files to your computer or a network drive, the files will also be available on the

1-800-LOGGERS

169

www.onsetcomp.com

HOBOware User’s Guide

Data tab in HOBOnode Viewer. Note that if you change the file directory used for data delivery when HOBOnode
Viewer is enabled, you will need to restart HOBOnode Manager before you can access the files from the Data tab.

Data Storage Location
The HOBOnode Manager database is stored in the directory shown in the Data Storage Location field. This
database includes all data recorded by the data nodes, settings for all deployments, alarm information, and other
details related to your data node network.
Onset recommends that you periodically back up the database to secure your data in case of a database or
computer failure. You can back up the database to an external hard drive or network server using third-party
backup software. You will also be asked to back up your database before running the HOBOnode Manager
Database Upgrade Utility in HOBOware 3.2.2 or later.
Important: The database must be closed during a backup or restore. Before copying or restoring a database, close
HOBOware, HOBOnode Manager, and Device Communication. Right-click (Windows) or left-click (Macintosh) the
HOBOware system tray icon and select Stop Device Communication.
The database is stored at the following location, as shown in the Data Storage Location field:

• Windows 7 and Windows 8
C:\Users\<user name>\AppData\Local\OnsetComputerCorporation\cosmos\db

• Windows XP
C:\Documents and Settings\<user name>\Application Data\Local\OnsetComputerCorporation\cosmos\db

• Macintosh OS 10.5 and 10.6
/Users/<user name>/Documents/OnsetComputerCorporation/cosmos/db
Be sure to back up the entire "db" directory.
To restore the database:

ͳǤ Obtain the "db" directory from your backup source.
ʹǤ Replace the "db" directory as shown in the Data Storage Location field with the backup copy.

Alarms
There are two types of alarms in HOBOnode Manager: sensor alarms and system alarms. With sensor alarms, you
can set an alarm to trip when a sensor reading is out of a range you specify. With system alarms, you can set an
alarm to trip when a node is missing from the network or has a low battery. You can also configure a heartbeat
alarm, which periodically notifies you the receiver is active and communicating with the nodes in the network. You
can also set alarm actions, or notifications, to alert you via email, text, and/or audible/visual cue on your computer
when an alarm trips. Note: When an alarm trips, HOBOnode Manager is opened, if it is not already.
Click the Alarms tab to access the following:
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1. Tabs. Click the Sensor tab to set or view sensor alarms. Click the System tab to set Missing Node,
Heartbeat, and Low Battery alarms.
2. Add Sensor Alarm button (Sensor tab only). Click this button to go to the Add Sensor Alarms window.
3. Configured Alarms. Configured sensor alarms appear here. Use the filter to control what alarms shown
in the sensor alarms pane. Note: If an alarm you configured is not appearing in the Alarms window,
make sure the filter is set to show all.
4. Controls (Sensor tab only). Use the controls to apply an action to multiple alarms, including delete,
copy, enable/disable, and apply default actions.
5. Tripped Alarms Log. All tripped alarms appear here. Click the Clear Log button to delete all tripped
alarms.
Alarms that have been configured, but not tripped, display as green alarm clock icons in both the Sensor and
Systems tab as well as the Device Table (sensor alarms only). Once the alarm is tripped, the alarm clock icon
changes to red.
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Adding a Sensor Alarm
A sensor alarm trips when a sensor reading is outside a threshold that you configure. You can set up actions so that
you are notified by email, text message, or by an audio or visual alarm in HOBOnode Manager when a sensor alarm
trips. Once you create an alarm, you can copy it to multiple sensors of the same measurement type or the same
measurement type and group.
Note: Sensor data is sent to the receiver periodically (based on the Connection Interval) and not continuously.
Therefore, there is a delay between the time the alarm condition occurs and is recorded by the sensor and when
you are alerted by any notifications you have configured. The default Connection Interval is 10 minutes. For critical
applications, you may want to decrease the Connection Interval so that you are alerted to alarm conditions more
frequently. See Changing the Logging Interval and Connection Interval.

Opening the Add Sensor Alarm window
The first time you add an alarm for a sensor, you can click the alarm icon for the sensor in the Device Table. This
will open the Add Sensor Alarm window with the sensor already selected.
Otherwise, click the Alarms tab, then the Sensor tab, and then the Add Sensor Alarm button. With this method you
will then need to select the sensor from a drop-down list.

1. Make sure the "Enable sensor alarm" checkbox is selected.
2. Select the sensor (if not already selected). If you accessed the Add Sensor Alarm window by clicking on
the alarm icon in the Device Table, the sensor will automatically be populated. Otherwise, select the
sensor you want to add the alarm to.
3. Configure Alarm Parameters.
a.

Select the threshold: Above, Below, or Outside Range.

b.

Enter the value for the alarm.

c.

Enter the Number of Data points. This is the number of readings that must be outside of the
limits for the alarm to be tripped or cleared.

4. Configure Alarm Actions (Notifications).
5. Click Save.
Note: Any time you edit an existing alarm, the alarm state is reset to untripped and the logged data points are
reset to zero.

Copying an Alarm to Other Sensors
To copy an alarm to other sensors:
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1. Select Alarm(s). Select the alarms you want to copy. You can select alarms for multiple measurement
types and each alarm will only be copied for sensors of that type.
2. Click the Copy to button.
3. Select the copy option. You can copy the alarm to all sensors of the same Measurement Type, or to
Measurement Type and Group(s).
The alarms are copied to the sensors, as shown below.

Enabling a Missing Node Alarm
A Missing Node alarm trips when a data node has not connected to the receiver within the specified timeframe.
The default period to determine that a node is missing is 10 minutes. You can change this in the Preferences.
To enable a missing node alarm:
1. Click the Alarms tab.
2. Click the System tab and select the checkbox in the Enable column for Missing Node. If alarm actions
have already been configured by a previous edit, then the Status icon for Missing Node will change to
an active alarm icon (green) as shown below. This means the alarm is enabled. If an Edit Missing Node
Alarm dialog box appears or you wish to make additional changes to this alarm, then proceed to next
step.

3. An Edit Missing Node Alarm dialog box may open automatically. If it does not and you wish to change
the settings, then click the Edit icon for Missing Node as shown above.

1-800-LOGGERS

173

www.onsetcomp.com

HOBOware User’s Guide

4. Make sure the "Enable missing node alarm" checkbox is selected.
5. By default, the alarm will trip after the node is missing for 10 minutes. Click the Preferences button if
you wish to change the default time period.
6. Add one or more alarm actions, which is how you will be notified when the alarm trips. You can be
notified via email or text, or by a visual cue or audible sound on the computer where HOBOnode
Manager is running.
7. Click Save. The changes you made to the missing node alarm are displayed on the System tab.
Note: Nodes may temporarily go missing after upgrading their firmware as described in Upgrading the Firmware
for a Receiver or Single Data Node or Updating the Firmware for Multiple Data Nodes. In most instances, the node
will not be reported as missing after upgrading its firmware. However, depending on how long the upgrade
process takes and the length of the connection interval, the node may occasionally be reported as missing. If a
node is reported as missing after updating its firmware, wait one or two connection intervals for the node to
reappear. For example, if the connection interval is set to 20 minutes, wait for 40 minutes to make sure the node
reappears. If the node is then still reported as missing, add it back to the network by following these steps:
1. Click the Form Network button in HOBOnode Manager.
2. Press the reset button with a quick 1-second push to reactivate the data node.
3. Verify that the data node appears in the HOBOnode Manager table and is identified as a router or
data node as expected (see Determining Data Node Type). To change the type of data node, see
Converting an End-Point Node to a Router Node or Converting a Router Node to an End-Point Node.

Enabling a Heartbeat Alarm
If you enable a Heartbeat alarm, a heartbeat is generated every 12 hours (configurable) to let you know that the
system is up and running. If you do not receive a heartbeat notification, check the status of your receiver and
restart HOBOware if necessary.
To configure a heartbeat alarm:
1. Click the Alarms tab.
2. Click the System tab and select the checkbox in the Enable column for Heartbeat. If alarm actions have
already been configured by a previous edit, then the Status icon for Heartbeat will change to an active
alarm icon (green) as shown below. This means the alarm is enabled. If an Edit Heartbeat dialog box
appears or you wish to make additional changes to this alarm, then proceed to next step.
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3. An Edit Heartbeat dialog box may open automatically. If it does not and you wish to change the
settings, then click the Edit icon for Heartbeat as shown above.

4. Make sure the "Enable heartbeat alarm" checkbox is enabled.
5. Select how often you want to generate a heartbeat and what time you want to start.
6. Add one or more alarm actions, which is how you will be notified when the alarm trips. You can be
notified via email or text, or by a visual cue or audible sound on the computer where HOBOnode
Manager is running.
7. Click Save. The changes you made to the heartbeat alarm are displayed on the System tab.

Enabling a Low Battery Alarm
You can set an alarm to trip when the battery level in a data node or a router drops below a specific threshold. This
can help you determine when it is time to change the batteries for devices in your network. The low battery alarm
is a system-wide alarm, which means it applies to all devices (either all nodes or all nodes and routers) in the
network. You cannot set a low battery alarm for some nodes and not others.
To configure a low battery alarm:
1. Click the Alarms tab.
2. Click the System tab and select the checkbox in the Enable column for Low Battery. If alarm actions
have already been configured by a previous edit, then the Status icon for Low Battery will change to
an active alarm icon as shown below. This means the alarm is enabled. If an Edit Low Battery dialog
box appears or you wish to make additional changes to this alarm, then proceed to next step.
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3. An Edit Low Battery dialog box may open automatically. If it does not and you wish to change the
settings, then click the Edit icon for Low Battery as shown above.

4. Make sure the "Enable low battery alarm" checkbox is enabled.
5. Select the battery level at which you want the alarm to trip, from 10 to 50%. For example, if you
choose 20%, then the alarm will trip once the device's remaining battery power drops below 20%.
6. Select whether the battery alarm should trip for nodes only or for both nodes and routers. Notes: You
cannot set a low battery alarm for a receiver because it should always be powered by an AC adapter.
In addition,you should not set a low battery alarm for routers that do not have batteries installed. If
your routers are powered by AC adapters only and do not have backup batteries installed, then you
should set the battery alarm for nodes only.
7. Add one or more alarm actions, which is how you will be notified when the alarm trips. You can be
notified via email or text, or by a visual cue or audible sound on the computer where HOBOnode
Manager is running.
8. Click Save. The changes you made to the low battery alarm are displayed on the System tab. Note: If
the low battery alarm was previously configured and had tripped, then clicking Save will clear the
tripped state. If the newly saved settings result in an alarm condition, then the alarm will trip at the
next connection interval.

Adding Alarm Actions (Notifications)
An alarm action is a notification when an alarm trips or and/or clears. You can configure the alarm action to notify
you in four ways:

• Via email
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• Via text message
• With a visible message on your computer
• With a sound on your computer
Before you set up email or text notifications, you must configure your SMTP settings. See Setting Alarm
Preferences.

1. Click the Add New Action button. A new action is added. Tip: To save time, you can configure default
alarm actions. See Setting Alarm Preferences for information.
2. Select the type of notification: Email, Text Message, Visible, or Audible.
3. Enter information or make a selection depending on the type of notification. Note: If you add an
email or text notification and you have not already set up your SMTP settings, you will be prompted to
do so.

• Email: Enter the email address where you want the alarm notification sent.
• Text Message: Enter the email address where you want the alarm notification sent.
• Visible: No further configuration required. A pop-up window will appear in HOBOnode
Manager if the alarm trips.

• Audible: Select the sound that you want to play when an alarm trips. Click the Play icon to hear
the alarm.
Note: If multiple audible alarms are set, only the most recent will play. Any other actions configured
for the alarm will be sent.
4. Check the "Perform on clear" box if you want a notification when the alarm clears. If you only want a
notification when the alarm clears and not when it is tripped, change the drop-down selection to
"only."
5. Add Notes to be included in the alarm notification (optional).
6. Click Save.
To add another action, repeat the procedure.
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Setting Alarm Preferences
Before you add sensor alarms, set up your Alarm Preferences for email notifications and create default actions
(notifications). To open the Preferences window, click Actions at the bottom of the HOBOnode Manager window
and select Edit Data Node Preferences.

1. Enter SMTP settings for email or text notifications. To receive email or text message alarm
notifications, enter the Server IP Address for your mail server, and enable SSL or authentication if
required by your network. See your Network Administrator or your Internet Service Provider for
information; see also Alarm Email/Text Configuration for more information.
2. Send a test email. Enter your email address and click the Send Test Email button to verify that your
settings are correct. Make sure you check your Junk Mail or Spam folder for the email if it is not in
your email inbox.
3. Add default alarm actions (optional). Entering default alarm actions simplifies alarm configuration. For
example, instead of entering the same email address for every alarm, you can select an address from
a list of drop-down entries when you add the alarm action. For more details on alarm actions, see
Adding Alarm Actions.
If you check "For new sensor alarms, automatically add all default actions" when you click the Add Sensor
Alarm button, the alarm actions you configured are automatically added, as shown below. This is helpful if
you want the same actions for every alarm.

Alarm Email/Text Configuration
You must configure the SMTP Settings to allow email from the data node network to get to your email recipients. If
your data node network is within a corporate network environment, you should contact your Network
Administrator (IT/MIS dept.) for this information. Also, they may need to add the receiver to a White List to allow it
to relay email through the corporate email server.
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If you use a private mail account such as Yahoo or Google, or if you do not know your corporate information, you
can get the outgoing mail parameters from your mail provider. Search the Internet for “SMTP Settings for
<provider name>."

Sending an Alarm to a Cell Phone
To send an email to your cell phone when an alarm occurs, enter the email address for your cell phone. These are
the formats for some cell phone providers. For others, contact your provider.

AT&T
[10-digit phone number]@txt.att.net
Example: 2125551212@txt.att.net

Boost Mobile
[10-digit phone number]@myboostmobile.com
Example: 2125551212@myboostmobile.com

Sprint
[10-digit phone number]@messaging.sprintpcs.com
Example: 2125551234@messaging.sprintpcs.com

T-Mobile
[10-digit phone number]@tmomail.net
Example: 4251234567@tmomail.net

Verizon
[10-digit phone number]@vtext.com
Example: 5552223333@vtext.com

Virgin Mobile USA
[10-digit phone number]@vmobl.com
Example: 5551234567@vmobl.com

The Network Map
Place icons on the Network Map to help you keep track of your devices. You can expand Information Balloons on
the device to view status information and sensor readings. You can also import a custom background image, such
as a floor plan.
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1. Map Tab. To view the Network Map, click the Map tab.
2. Information Balloons. Click a device in the Network Map to open a pop-up that shows current readings
and other device information. To have pop-ups appear automatically, click the Configure Map icon
and select "Show Information Balloon when adding new data nodes and on startup." You can also
adjust how much information is included in the balloon. See Configuring the Network Map for more
information.
3. Imported Map Image. To customize your map background image, see Customizing the Network Map
Background.
4. Add Device to Map. To add a device to the map, check the Map box in the Device Table and then click
in the map where you want to place the icon.
5. Connection Path. Lines on the map show the path each device takes to the receiver. You can monitor
the communication between a data node and the data receiver by checking the connection paths
between devices. If a device has missed a scheduled connection, the path will become a dotted line.
To change the path color, see Configuring the Network Map.
6. Tools. Use the Zoom tools to zoom in and out of the map. Click the Configure Map button to access
additional map settings. Use the Refresh Network Paths button to see the latest path that the devices
are taking to get to the receiver. Paths can change if a data node is moved or because the original
path was obstructed.
Note that if an alarm has tripped on a node, the node icon on the network map will have a red ring around it like
this:

Adding a Device to the Network Map
To add a device to Network Map.
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1. In the Device Table, check the Map box for the receiver to add it to the map.
2. Move the icon to the location of the receiver and click the left mouse button.
3. Check the Map box for a node to add it to the map.
4. Move the icon to the location of the device and click the left mouse button.
5. Repeat steps 3 and 4 for each node you want to add to the map.

Configuring the Network Map
You can customize the paths and information balloons on the Network Map, and you can use your own
Click the Configure icon

in the top left of the Network Map to open the Network Map Configuration window.

In the Node Paths pane, select the Show Path to Receiver checkbox Paths to show or hide connection paths
between nodes. To change the path color, click the Choose button. Select a new color from the Swatches tab, or
enter HSB or RGB values and click OK.

1-800-LOGGERS

181

www.onsetcomp.com

HOBOware User’s Guide

In the Information Balloons pane, select the Information Balloon Type, as either:

• Simplified to show only label and readings, or

• Expanded to show all device information.

To change the background color on the balloon, click the Information Balloon Color drop-down arrow and select a
color.

Select the "Show Information Balloon when adding new data nodes and on startup" checkbox to automatically
display the balloons any time you open HOBOnode Manager or add a new icon to the map.
To change the map image, see Customizing the Network Map Background.

Customizing the Network Map Background
You can upload a custom image to the Network Map to represent your floor plan.
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ͳǤ Click the Configure icon in the top left corner of the map .
ʹǤ Click the Choose button in the Network Map Configuration window.
͵Ǥ Select the image file from the Open window.
ͶǤ Click Open.
ͷǤ Click OK to close the Network Map Configuration window and display the new image.
To revert to the default image, click Restore.
If you don't have an image to upload, you can create one using any drawing program following these guidelines:

• There are 3 scale levels available for an image in the Network Map, depending on the size of the
image you upload. The larger the size, the more zoom levels you will have.

 1,000 x 1,000 (minimum size) - 1 zoom level
 2,000 x 2,000 - 2 zoom levels
 3,000 x 3,000 (maximum size) - 3 zoom levels
• All images are converted to squares in the Network Map, so for best results your overall image should
be a square.

• Inside the main square, add a smaller square or rectangle to roughly represent your building.
• Add squares or rectangles to represent rooms in your building where you will place nodes. Add
descriptive labels to each room such as "Office," "Cooler," or "Boiler Room." Some programs will also
have other images you can add to the room such as desks and computers to help you narrow the
location of the node.

• Set the properties of the image to your desired resolution. For best results enter 4,000 x 4,000 pixels.

Maintenance & Troubleshooting
Once your ZW Wireless Data Node Network is running, refer to the following topics for maintenance and
troubleshooting tips:

• Changing External Sensor Type
• Moving or Removing a Data Node
• Converting a Router Node to an End-Point Node (Switching from AC Power to Battery Power)
• Converting an End-Point Node to a Router Node (Switching from Battery Power to AC Power)
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• Database Backup and Restore
• HOBOnode Manager Database Upgrade Utility
• Creating a New Deployment
• Updating Firmware for a Receiver or Single Data Node
• Updating Firmware for Multiple Data Nodes
• Troubleshooting

Changing External Sensor Type
Many types of HOBO data nodes can be configured with external sensors. One of the benefits of using external
sensors is that you can swap them out when necessary for different ones if you want to modify your wireless
network. Or, you can disable the external sensor channel if you don't need it for your current network deployment.
To change the type of external sensor associated with a data node:

ͳǤ Double-click the external sensor you wish to change in the HOBOnode Manager device table.
ʹǤ Select the sensor from the Sensor Type drop-down list.

͵Ǥ Make any other changes as necessary and click OK.
Note: While the HOBOnode Manager device table will display the change to the sensor type immediately, data for
the new sensor will not display until the next connection interval .
To deselect, or turn off, an external sensor:
1. Double-click the external sensor you wish to change in the HOBOnode Manager device table.
2. Scroll to the end of the Sensor Type drop-down list and select <No sensor attached>.
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͵Ǥ Make any other changes as necessary and click OK.
The HOBOnode Manager device table will then change the status for that external sensor to OFF as shown below.
Any plots and alarms associated with that sensor will also be removed from HOBOnode Manager.

Shortcut: In the device table, click the checkbox next to the external sensor, then click the Sensor Type button and
select the sensor from the list. This can be done for many sensors at once by selecting more than one sensor at a
time in the device table.
For details on setting up a HOBO data node with an external sensor for the first time, see Setting Up an External
Sensor. For details on scaling sensor data, see Configuring Scaling on a Sensor.

Moving or Removing a Data Node
If you will not be using a data node for an extended period of time, you may want to deactivate it to stop
measurements and save batteries. To deactivate a data node, use a paper clip to press the Activate button as
shown in the photo below for 5 seconds until the red LED starts flashing.
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To later reactivate the data node, select Form Network from HOBOnode Manager and briefly depress the Activate
button on the node.
If you do not want a data node to appear in HOBOnode Manager, double-click the device row in the Device Table
and then click Remove Node in the Configure Node window.
If you move a data node to a new location, make sure the green LED is still blinking once per 10 seconds to indicate
that the node still has a connection to the receiver. If the red LED is blinking, the connection path is broken. Try
adjusting the orientation of the data node or moving it closer to the receiver to minimize obstructions. You may
need to add a router to re-establish a connection.
If moving a data node changes the primary power source, see the following:

• Switching from AC Power to Battery Power
• Switching from Battery Power to AC Power

Converting a Router Node to an End-Point Node (Switching from AC Power to Battery Power)
If you initially power up a node using an AC adapter, it will operate as a router node. If you need to convert the
router node into an end-point node that operates on battery power only, follow this procedure.
1. Deactivate the data node by pressing the reset button on the data node with a paper clip until the red
LED starts flashing repeatedly (about 5 seconds).
2. Disconnect the data node from AC power.
3. If batteries are installed, remove them.
4. Wait at least 30 seconds to clear the memory.
5. Reinstall the batteries. Do not plug in the AC adapter.
6. Click Form Network in HOBOnode Manager.
7. Press the reset button with a quick 1-second push to reactivate the data node.
8. Verify that the data node appears in the HOBOnode Manager table and is identified as a node (no
routing capabilities). See Determining Data Node Type.

Converting an End-Point Node to a Router Node (Switching from Battery Power to AC Power)
If you initially power up a node using batteries, it will operate as an end-point node with no routing capabilities. If
you need to convert the end-point node into a router node that operates on AC power, follow this procedure so
that HOBOnode Manager recognizes the data node as having routing capabilities.
1. Deactivate the data node by pressing the reset button on the data node with a paper clip until the red
LED starts flashing repeatedly (about 5 seconds).
2. Remove the batteries from the data node.
3. Wait at least 30 seconds to clear the memory.
4. Plug the data node into an AC power outlet.
5. Click Form Network in HOBOnode Manager.
6. Press the reset button with a quick 1-second push to reactivate the data node.
7. Verify that the data node appears in the HOBOnode Manager table and is identified as a router. See
Determining Data Node Type.
8. Reinstall the batteries for backup purposes.
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Database Backup and Restore
It is recommended that you periodically back up your database to secure your data in case of a database failure.
You can back up your database to an external hard drive or network server using third-party backup software.
If you should ever need to restore your database, simply replace the primary database with the backup.
Important: The database must be closed during a backup or restore. Before copying or restoring a database, close
HOBOware, HOBOnode Manager, and Device Communication. Right-click (Windows) or left-click (Macintosh) the
HOBOware system tray icon and select Stop Device Communication.
The database is stored at the following location:

• Windows 7 and Windows 8
c:\Users\<user name>\AppData\Local\OnsetComputerCorporation\cosmos\db

• Windows XP
c:\Documents and Settings\<user name>\Application Data\OnsetComputerCorporation\cosmos\db

• Mac OS 10.5 and 10.6
/Users/<user name>/Documents/OnsetComputerCorporation/cosmos/db
To rename the database, modify the name of the db folder by adding the deployment location or the date
(example: "db-11-10"). Note: HOBOnode Manager will be empty after renaming the database. You will need to
form a new network.

HOBOnode Manager Database Upgrade Utility
HOBOnode Manager databases created in HOBOware 3.2.1 or earlier must be upgraded with the HOBOnode
Manager Database Upgrade Utility to improve performance and response time. This utility is automatically opened
the first time you access the HOBOnode Manager database in HOBOware 3.2.2 or later.
Before you can upgrade the database with the utility, you must first go to the data storage location to back up the
database (and the entire db directory). After the backup is complete, click Start in the utility to begin the upgrade
process. Progress will be displayed while the upgrade takes place.
Important: The larger your database, the longer it will take the upgrade to complete. Please be prepared for the
utility to run for an hour or more. You will not be able to access any features in HOBOnode Manager or HOBOware
while the utility is running. Any data recorded while the upgrade is running will be saved and available in
HOBOnode Manager once the upgrade is complete. In addition, this utility requires free disk space equivalent to
double the size of the current database. For example, if your database is 450 MB, then you will need at least 900
MB free disk space on the computer for the utility to complete its process. Once the upgrade is complete, the
database will be close to its original size.

Creating a New Deployment
The first time you form a HOBO data node wireless network, the initial deployment, or network configuration, is
created automatically for you. This first deployment can continue indefinitely. However, you also have the option
to create a new deployment if you need to move your current network to a new location or if you'd like to
configure a different set of sensors in a new network, for example. This allows you to more easily distinguish
between two separate networks or deployments of nodes when they are plotted or exported from HOBOware.
You have the option of either creating a new deployment that is an exact copy of the previous one (all devices,
alarms, and settings will be copied as currently configured) or consists of a new network (only system alarms and
alarm logs are copied).
Note: Creating a new deployment does not create a new database. All data recorded in the previous deployment is
saved and can be accessed through Plot/Export Data.
To create a new deployment:
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1. Click the Actions button in HOBOnode Manager and select Create New Deployment.

2. Type a name for the new deployment. Select the Copy the current network to the new deployment
checkbox if you want to use the current deployment as the basis for the new deployment (HOBOnode
Manager will automatically be filled in with your current network devices, alarms, and settings). If you
do not copy the current network, then you will need to form a new network (only system alarms and
alarm logs will appear in HOBOnode Manager). Click OK.

3. A message appears indicating that the current network deployment will end and a new deployment
will be started. Click Yes to continue, or click No to return to the Create New Deployment dialog.
4. From the Device menu in HOBOware, select Manage HOBO Data Node Network to restart HOBOnode
Manager.
5. If you chose to copy the current network to the new deployment, then HOBOnode Manager opens
with all devices listed. Plots will begin displaying the new network data at the next scheduled
connection interval. If you did not copy the old network, then you will be prompted to form a new
network.
Both the newly created deployment and the previous deployment are listed in the Plot/Export Wireless Data
window. Click the Plot/Export button in HOBOnode Manager to see the deployment list as shown in the example
below.

Deployments are listed from newest to oldest. The initial deployment is labeled "First Deployment" by default. Any
subsequent deployments are listed with the name you entered in the Create New Deployment dialog.
The start time for the current deployment (the deployment at the top of the list) is the time the new deployment
was created, which is also the end time for the previous deployment on the list.The end time for the current
deployment is the current time.

Updating Firmware for a Receiver or Single Data Node
Occasional firmware updates may be necessary for the devices in your network. Follow these steps if you are
directed by Onset Computer to upgrade the firmware in the receiver or a single data node. To update several data
nodes in the network at once, see Updating Firmware for Multiple Data Nodes.
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Important Notes Before you Begin:

• Updating the firmware generally takes two to three minutes for a receiver and four to six minutes for
a data node. You cannot cancel the update process once it starts.

• If you need to update both the receiver and data nodes, update the receiver first to provide the best
network performance. After the receiver update is complete, wait for HOBOnode Manager to display
the latest data from all the nodes. Once each node has communicated with the newly updated
receiver and the latest data appears in the device table, then you can continue with updating the
firmware in the nodes.

• When updating the receiver firmware, the entire network will automatically shut down and restart.
• A data node should be powered the same way as it was when it was originally configured to ensure it
remains a part of the network once the update is complete. This means a router node must be
plugged into an AC adapter and an end-point data node must have batteries installed and not be
plugged into an AC adapter. See Determining Data Node Type for details on identifying routers and
end-point nodes in HOBOnode Manager.
To update firmware:
1. Place the firmware .hex file(s) in the appropriate directory. Do not rename the files.
For Windows 7 and Windows 8: C:\Users\Public\Documents\HOBOware Public Files\FWUpdates
For Windows XP: C:\Documents and Settings\All Users\Shared Documents\HOBOware Public
Files\FWUpdates
For Macintosh: /Users/<user>/Documents/HOBOware/FWUpdates
2. HOBOware, HOBOnode Manager, and ZW Device Communication must be restarted to correctly
identify the firmware files. Close HOBOware and HOBOnode Manager if open. If prompted to leave
the device communication running in the background, click No. If HOBOware and HOBOnode Manager
were already closed, but device communication was running, right-click (or left-click on a Mac) the
HOBOware icon in the system tray select Stop Device Communication.

3. Open HOBOware and HOBOnode Manager again. Wait for new data to be updated in HOBOnode
Manager.
4. In HOBOnode Manager, double-click the receiver (ZW-RCVR) or node you want to update in the
Device Table (or select the receiver or node and click Configure).
5. Click the "Update device firmware" button in the Configure Receiver or Configure Node window
(Configure Receiver is shown in the following example).
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Notes:

• If the "Update device firmware" button is disabled, HOBOnode Manager is still being updated
after its restart. Keep the Configure window open and wait for a few more minutes for the
button to become enabled.

• If the "Update device firmware" button does not appear, double-check that the firmware .hex
file is in the correct directory as described in Step 1.

• A battery-powered end-point node with a current firmware version of 64 must be temporarily
converted to an AC-powered router node before you can update the firmware. If a message
displays indicating you cannot complete the update, follow the steps in Converting an EndPoint Node to a Router Node first and then repeat Steps 2 and 3 again.
6. A message appears listing details about the device and any notes about the update process. Click
Cancel if you do not want to update the device at this time. Otherwise, click Continue.

7. The firmware is updated in the device; check the progress on the screen during the update as shown
in the following example of a node being updated.

When the firmware is saved to the device, the LED will flash red on the receiver and green on a data node.
A message appears at the end when the update is successfully completed.
Notes:
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• After a data node has been updated, it may to take one or two connection intervals before new data is
displayed in HOBOnode Manager. For example, if the connection interval is set for 10 minutes, it may
take two connection intervals, or about 20 minutes, for new data to appear. If new data still isn't
appearing after two connection intervals have passed, power cycle the data node (unplug the adapter
and/or remove the batteries then plug the adapter back in and/or reinstall the batteries).

• If HOBOnode Manager still is not displaying data after power cycling the data node as described above
or if the data node is listed as missing in HOBOnode Manager after updating the firmware, add it back
to the network by following these steps:

1. Click the Form Network button in HOBOnode Manager.
2. Press the reset button with a quick 1-second push to reactivate the data node.
3. Verify that the data node appears in the HOBOnode Manager table and is identified as a router
or data node as expected (see Determining Data Node Type). To change the type of data node,
see Converting an End-Point Node to a Router Node or Converting a Router Node to an EndPoint Node.

Updating Firmware for Multiple Data Nodes
Occasional firmware updates may be necessary for the data nodes in your network. If new versions of firmware
files are detected in the HOBOware FWUpdates directory (exact location described below), then an Update
Firmware in Data Nodes option appears in the Actions drop-down menu in HOBOnode Manager as shown below.

Follow these steps if you are directed by Onset Computer to upgrade the firmware in multiple data nodes. To
update the firmware in the receiver or in a single data node at a time, see Updating Firmware for a Receiver or
Single Data Node.
Important Notes Before you Begin:

• Firmware .hex files must be present in the appropriate directory. (Do not rename the files.)
For Windows 7 and Windows 8: C:\Users\Public\Documents\HOBOware Public Files\FWUpdates
For Windows XP: C:\Documents and Settings\All Users\Shared Documents\HOBOware Public
Files\FWUpdates
For Macintosh: /Users/<user>/Documents/HOBOware/FWUpdates

• If you need to update the firmware in both the receiver and data nodes, update the receiver first for
best network performance. Follow the steps in Updating Firmware for a Receiver or Single Data Node.
After the receiver update is complete, wait for HOBOnode Manager to display the latest data from all
the nodes. Once each node has communicated with the newly updated receiver and the latest data
appears in the device table, then you can continue with updating the firmware in data nodes.
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• A data node should be powered the same way as it was when it was originally configured to ensure it
remains a part of the network once the update is complete. This means a router node must be
plugged into an AC adapter and an end-point data node must have batteries installed and not be
plugged into an AC adapter.

• A battery-powered end-point node with a current firmware version of 64 must be temporarily
converted to an AC-powered router node before you can update the firmware. These nodes will not
be displayed in the list of data nodes waiting for an update. Follow the steps in Converting an EndPoint Node to a Router Node first, then update the firmware in each of these nodes one at time as
described in Updating Firmware for a Receiver or Single Data Node.

• Although data will continue to be transmitted and stored in the receiver while this upgrade takes
place, it will not be available in HOBOnode Manager until after the upgrade is complete. Therefore,
select a time to perform the upgrade when you do not need real-time access to your data.

• Nodes may be temporarily reported as missing after being upgraded. If you have enabled the Missing
Node alarm for any nodes in your network, consider only upgrading a few nodes at a time to minimize
the potential for nodes to be reported as missing and the Missing Node alarm to trip.
Steps
1. Once the firmware .hex files are in the correct location as described in the Important Notes Before
you Begin, you must restart HOBOware, HOBOnode Manager, and Device Communication. Close
HOBOware and HOBOnode Manager if open. If prompted to leave the device communication running
in the background, click No. If HOBOware and HOBOnode Manager were already closed, but device
communication was running, right-click (or left-click on a Mac) the HOBOware icon in the system tray
select Stop Device Communication.

2. Open HOBOware and HOBOnode Manager again. Wait for new data to be updated in HOBOnode
Manager.
3. From the Actions menu in HOBOnode Manager, click Update Firmware in Data Nodes. If this option
does not appear in the menu, wait for a few more minutes for HOBOnode Manager to finish updating
in Step 2. If it still does not display, double-check that the firmware .hex files are in the correct
directory and repeat Steps 1 through 3 again.
4. A list of all nodes waiting to be updated is displayed. Click the checkbox next to each node you want to
update or click Select All to choose all the nodes in the list.
5. Click the Updated Checked button to start the update process for all the nodes selected in the list.
Each node will be updated one by one, with the progress displayed next to the node and a detailed
progress listed in the bottom pane of the window. Important: Clicking Cancel will not immediately
stop all updating. When you click Cancel, the node update in progress will continue until finished. The
Cancel button will also change to read "Cancel requested." Once the update is complete for that node,
the update for the remaining nodes will be canceled. Click the Update button to restart the update
process for the remaining nodes.
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6. Once the update is complete, click the Save button to save the log detailing the update procedure to a
text file called "FirmwareUpdateLog.txt" (saved in C:\Users\<User Name>\Documents on Windows
and in the <User Name> folder on Mac). Click Close to return to HOBOnode Manager.
Notes:

• After a data node has been updated, it may to take one or two connection intervals before new data is
displayed in HOBOnode Manager. For example, if the connection interval is set for 10 minutes, it may
take two connection intervals, or about 20 minutes, for new data to appear. If new data still isn't
appearing after two connection intervals have passed, power cycle the data node (unplug the adapter
and/or remove the batteries then plug the adapter back in and/or reinstall the batteries).

• If HOBOnode Manager still is not displaying data after power cycling the data node as described above
or if the data node is listed as missing in HOBOnode Manager after updating the firmware, add it back
to the network by following these steps:

ͳǤ Click the Form Network button in HOBOnode Manager.
ʹǤ Press the reset button with a quick 1-second push to reactivate the data node.
͵Ǥ Verify that the data node appears in the HOBOnode Manager device table and is identified as a
router or data node as expected (see Determining Data Node Type). To change the type of
data node, see Converting an End-Point Node to a Router Node or Converting a Router Node
to an End-Point Node.

Troubleshooting
General Network Connection Issues
If you are having problems connecting data nodes to the receiver, or they are losing a connection after they have
been joined to the network, you may be experiencing issues with a conflicting wireless device. To reset the radio
channel, double-click the receiver row in the Device Table and in the Configure Receiver window click the Reset
button. You will then need to form the network again.

Receiver Will Not Connect to HOBOnode Manager
Make sure the USB plug is secure on both ends. Try unplugging and plugging the receiver back in.
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Data Node Cannot Join Network
Positioning: If you are having trouble getting a data node to join the network, try repositioning the node within the
space. Move the data node away from any obstacles (such as metal walls, stairwells, elevator shafts) that may exist
between it and the receiver.
Distance: The data node may be too far from the receiver to obtain a signal. Try moving the data node closer to the
receiver, or add a router or router/node between the data node and the receiver.
Make sure the receiver is in Form Network mode (RED and GREEN LEDs alternating).
Make sure you have pressed the button on the bottom of the node and that the RED and GREEN LEDs are
alternating. Try pressing the button again.

Debugging
There are a number of debugging and logging options in HOBOnode Manager. If you are working with Onset
Technical Support on an issue, you may be asked to enable debugging options and send a log file to Onset.

No readings for a sensor
For external sensors, make sure the connection to the data node is secure and that you have assigned a Sensor
Type (does not apply to the External Temp/RH Sensor).

No Plot Appears for a Sensor
Make sure you have checked the Plot box in the Device Table for the sensor.

Extreme Sensor Readings
If you are seeing extreme sensor readings, make sure the sensor cable is securely plugged into the node.

Alarms
If an alarm you configured is not appearing in the Alarms window, make sure the filter is set to Show all.

Security Connection Messages on Macintosh
If the firewall setting is enabled in the security system preferences on a Macintosh, you may encounter a security
warning message every time you open HOBOnode Manager. To turn off this message, go to System Preferences,
select Security, and turn off the firewall. Note: Keeping the firewall turned on and adjusting the advanced settings
to allow all incoming connections for HOBOware does not resolve the problem.

Firewall Messages on Windows
Windows Firewall must allow access to HOBOware.exe for HOBOnode Viewer to run properly. To allow HOBOware
access, open Control Panel, go to Security, and select Allow a program through Windows Firewall (or click
Windows Firewall and click the Exceptions tab on some versions of Windows). Make sure HOBOware is selected in
the allowed access/exceptions list.

Changing Locale
The language in use at the time the original HOBO data node network database was created is the only language
that can be used for that database. You cannot switch to another language. If you need to change the locale on the
computer that contains your HOBO data node network database, you will need to:

ͳǤ Back up and then move or rename the database.
ʹǤ Change the locale on the computer.
͵Ǥ Form a new network to create a database that operates in the new locale.
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Chapter 7
Reference
• Setting Preferences
• Menus
• The Toolbar
• Tips for Working with Multiple Loggers
• Setting the Language Format on Your Computer
• Alarm & Readout Tool (Note: This tool is no longer supported as of HOBOware 3.5.)

Setting Preferences
You can change the default behavior of HOBOware in the categories listed below. Preference settings are unique
for each user login on your computer. The following categories are available:

• General. Set preferences for Launch Time-Savings Options, Readout Time-Savings Options, Open File
Time-Saving Options, Export Settings, Selecting Devices, File Associations, Startup, Data Verification,
and Data Encoding.

• Communications. Set preferences for Device Types , Serial Ports, Device Speeds, and Other Options.
• Plotting. Set preferences for Fonts, Lines, Value Axis, Layout, Points Table and Details Pane, Gridlines,
Plot Setup, Other Options, Undo & Redo.

• Data Assistants. Set show/hide preferences for HOBOware Data Assistants.
• Display. Set preferences for Default Unit System, Date/Time, and Series.
• Warnings. Set preferences for various warning types.
• Data Nodes. Set preferences for HOBOnode Manager, including General, Alarms, Real-Time Plots,
Data Storage, and Sharing (HOBOware Pro only).

• Alarms. Set preferences for the Alarms & Readout Tool, including Alarm Conditions, Readouts,
Notifications, Messages, and Warnings (HOBOware Pro only). Important: The Alarm & Readout Tool is
no longer supported as of HOBOware 3.5.

• Bulk Export. Set YAML preference for Bulk Export Tool (HOBOware Pro only).
Some preferences have one of the following icons next to them, indicating a difference in behavior between
HOBOware and HOBOnode Manager (HOBOware Pro only).

You can save preference settings and reload them as needed (HOBOware Pro only). Click the Save Preferences
button at the top of the Preferences window and type a name in the pop-up field to save all currently selected
preferences. You can then click the Load Preferences button and select the name you typed in to load those
preference settings back into the Preferences window.
See also:
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• Restoring Default Preferences

General Preferences
Use the General category within Preferences to control a variety of HOBOware behavior, including launching,
reading out, opening files, exporting, selecting devices, and more.
To change these settings:

ͳǤ From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
ʹǤ Select the General category on the left and then click the subcategory you wish to change.
͵Ǥ Adjust any of the settings described below and then click OK.

Launch Time-Saving Options (HOBOware Pro only)
• When launching. Select "Show launch screen" to display the Launch Logger window when you select
on the toolbar, or select "Automatically
Launch from the Device menu or click the Launch icon
launch" to bypass this window and launch the logger with the default settings. Selecting
"Automatically launch" is particularly useful if you want to launch several loggers quickly without
changing any settings. The default settings are determined by the "Fill launch window with contents
of" preference.
For HOBOware Pro only: If you select "Automatically launch" and also set the Default Action from the
Device menu to Launch, this feature allows you to launch several U-Series loggers in a row simply by
connecting and disconnecting each logger to the computer.

• Fill launch window with contents of. Select "Current logger" to show the logger's most recent launch
settings (as stored in the logger memory) in the Launch Logger window. Select "Previous launch" to
show the same settings used in the most recent launch. This is helpful if you want to launch several
loggers of the same type with similar settings or if you want to set up several loggers to start at the
same time with the same logging interval. An indicator on the Launch Logger window will remind you
when this preference is use. Note that "Previous launch" does not apply if you are launching different
types of loggers; instead the settings in the logger's memory will be used. When "Previous launch" is
selected, you also can select the "Use previous sensor labels" checkbox to automatically fill any sensor
label fields with the labels from the previous launch.

• Default launch type. This preference controls what displays by default in the "Start logging" field in
the Launch Logger window"Previous launch type" is selected, then the "Start logging" field will display
the same setting used for the logger's last launch. For example, if the logger was last configured to
start logging "Now" selected, then the "Start logging" field will default to "Now" for the next launch.
Note that if the previous launch was set to start "At interval," the "Start logging" field will default to
start "On Date/Time." If "Launch now," "Launch at interval," "On specified date/time," or "Button or
coupler start" is selected, then that launch type will automatically be selected in the "Start logging"
field in the Launch Logger window regardless of how the logger was previously launched. Note that if
you choose "Button or coupler start" and the logger does not support that feature, then the "Start
logging" field will default to "Now." Important: If you set the "Fill launch window with contents of"
preference to "Previous launch," then the "Default launch type" preference will be ignored in favor of
the "Start logging" setting used in the last launch.

• Logger launch description. This preference controls what displays by default in the Description field in
the Launch Logger window. If you select "Default launch description," then the Description field will
display the description used the last time the logger was launched. If you select "Logger S/N," then the
logger serial number will automatically be listed in the Description field. Selecting "Logger S/N" can
help to easily differentiate files when launching and reading out several loggers of the same type.
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Note that whatever is listed in the Description field is also used as the default file name when reading
out and saving the logger data.

Readout Time-Saving Options (HOBOware Pro only)
• When saving datafile. This preference controls whether the Save window displays automatically when
reading out a file. Select "Show save dialog" if you want the Save window to display every time you
read out a logger and specify a location and name for the file, or accept the default file name. Select
"Automatically save" if you do not want to display the Save window during the readout process. The
file will automatically be saved with the default name (the description in the Launch Logger window)
and in the default location (as described in Reading Out the Logger).

• When plotting. This preference controls the default plot behavior when reading out a logger. Select
"Show plot setup" to display the Plot Setup window after reading out and saving the file. Select
"Automatically plot" if you want to bypass the Plot Setup window and instead automatically plot the
data after reading out and saving the file. This option is not recommended if you will be using Data
Assistants, which are accessed through the Plot Setup window. Select "Do not plot" if you do not want
to plot the data at all. This is useful if you are reading out several loggers and prefer to look at the
plots later. You can always open the saved datafile and plot it at that time.
For HOBOware Pro only: You can adjust the Readout Time-Saving Options and set the Default Action
from the Device menu to Readout to quickly read out several U-Series loggers in a row by connecting
and disconnecting each logger to the computer. To do this choose "Automatically save" for "When
saving datafile," choose "Do not plot" for "When plotting," and deselect the "Ask to stop logging
before reading out a running logger" checkbox.

• Ask to stop logging before reading out a running logger. When this checkbox is selected, a message
appears every time you read out a logger that is still recording data. The message asks whether you
want to stop the logger or let it continue logging data during the readout process. If you deselect this
checkbox, a logger that is still recording data will automatically continue logging during readout.

Open File Time-Saving Options (HOBOware Pro only)
This preference controls whether the Plot Setup window is automatically displayed when opening a file. Select
"Show plot setup" if you want the Plot Setup window to display every time you open a file. Select "Automatically
plot" if you want to bypass the Plot Setup window and automatically generate the plot each time you open the file.
This is not recommended if you will be using Data Assistants, which are accessed through the Plot Setup window.
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Export Settings
See Export Settings for details on the preferences in this subcategory.

Selecting Devices
This preference controls when the Select Device window is displayed. If you select "Show Select Device window if
two or more devices are found, even if one is already selected," then the Select Device window will display any
time more than one device is connected to the computer. This allows you to choose the device you want to work
with any time you select Launch, Readout, Status, or Stop from the Device menu. If you select "Only show Select
Device window if a device has not been selected," then the Select Device window will only display the first time
you select Launch, Readout, Status, or Stop. That device will then remain selected until you change it with the
Select Device icon

on the toolbar.

File Associations

Use this preference to control the association of HOBOware file types on Windows. Note: You must have
administrator privileges on the computer to change file type associations. To temporarily run HOBOware as an
Administrator, right-click the HOBOware icon and select Run as Administrator. Enter the Administrator name and
password as prompted.
By default, files with the extensions of .hobo, .hsec, and .hproj (HOBO files) and .dtf and .dsec (DTF files) are
automatically associated with HOBOware. This means that these files are identified by a HOBOware icon and can
be opened by double-clicking them. Click the Map or UnMap buttons to change the file type associations.

Startup
• Show splash screen on startup. This preference controls whether the HOBOware graphic, or splash
screen, appears every time you open the software.

• Check for HOBOware updates. This setting controls how frequently, if it all, HOBOware automatically
checks the Onset website for any software updates. The default setting is once per week.

• When checking for HOBOware updates. These settings control whether you are notified about all
new software updates or only those that affect the currently installed components. The default is to
check for any new updates.
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Data Verification (HOBOware Pro Only)
Select this option to enable Secure Mode and have HOBOware Pro add a digital signature to new datafiles when
you read out loggers (for environments where 21 CFR Part 11 is being employed). The digital signature is indicated
by a filename extension of .hsec for hobo files and .dsec for dtf files. The signature will be verified each time you
open the datafile to ensure its integrity. This option is disabled off by default.

Data Encoding
Data encoding controls how special characters are displayed in files that are imported into and exported from
HOBOware. The default is to use UTF-8, a common character encoding protocol for software. Select "Windows
default" if characters are not displaying correctly in imported and exported files in Windows.

Send Metrics
When Send Metrics to Onset is enabled, information about HOBOware usage is sent to Onset for future software
enhancements.

Export Settings
Use the Export Settings preferences to customize how data is formatted when you export the table data from a
plotted HOBOware file, to set up automatic export upon readout, to include plot details in an exported file, and to
set export ordering rules. To access these settings:

ͳǤ From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
ʹǤ Select the General category and then click Export Settings.
͵Ǥ Adjust any of the settings described below and then click OK.
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• Use classic export settings. Click this button to change the export settings to the default settings used
with BoxCar Pro software, which is Onset legacy software released before HOBOware.

• Export file type. Select how you want exported data to be saved: either to a text file (.csv or .txt) or a
Microsoft Excel file (.xls).

• Export table data column separator. This setting controls the column separator for exported text files.
(If you selected Excel for the export file type, then this option is disabled.) Select Comma, Tab, or
Semicolon. When Comma is selected as the column separator, the data will be saved to a .csv file that
can be imported into Excel. When Tab or Semicolon is selected, the data will be saved to a .txt file.

• Include line number column. By default, exported files include line numbers. Uncheck this box if you
do not want line numbers in the file (for example, to export in BoxCar Pro software format).

• Include plot title in header. Uncheck this box if you do not want the plot title included in the header
of the exported file. This option is primarily for compatibility with the BoxCar Pro software format.

• Always show fractional seconds. Check this box to show fractional seconds in the time-stamped data
points. This is primarily for compatibility with the BoxCar Pro software format.

• Separate date and time into two columns. By default, the date and time of a logged data point is
exported as a single column to facilitate graphing in spreadsheet programs. Check this box to split the
date and time into two columns.

• No quotes or commas in headings, properties in parenthesis. Check this box if you do not want
quotations marks and commas in the exported file's column headers. Sensor properties, or units,
(such as °F or RH) will be listed in parenthesis instead of quotation marks when this setting is enabled.
This option is primarily for compatibility with the BoxCar Pro software format.

• Include logger serial number. When this setting is enabled, the logger's serial number will be listed in
each column header in the exported file. This is useful if you are exporting data series that were
copied and pasted from plots that originally came from different loggers.
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• Include sensor serial number, or label (if available). When this setting is enabled, each sensor's serial
number or label (if available) will be listed in each column header in the exported file. This is especially
useful when exporting data from multiple sensors recording the same measurement type (for
example, three temperature sensors). Note: If "No quotes or commas in headings, properties in
parenthesis" is selected, the label (if available) will be added to the column header instead of the
sensor serial number.

• Date format. Select the format in which you want the date to be shown (Month, Day, Year; Day,
Month, Year; or Year, Month, Day).

• Date separator. Select either a slash ( / ) or a dash ( - ) to separate the months, day, and year in the
date format.

• Time format. Select whether to show the time in a 12-hour or 24-hour format.
• Positive number format. Select the format in which positive numbers are displayed (for example:
1,234.56; 1 234,56; 1.234,56; or 1.234 56).

• Negative number format. Select the format in which negative numbers are displayed (for example: 123, 123-, or (123).

• Automatically export table data upon reading out a logger. Select this option if you want HOBOware
to automatically create an export file each time you read out a logger (note that you must save and
plot the data before the exported file will be created). When this setting is enabled, the default option
is to export the data to a single file (as controlled by "Bypass export dialog and save as single file").
This will result in an exported file saved in the same directory as the datafile offloaded from the
logger. Both files will also have the same prefix. If you do not want to save it to the default directory
or use the default name, then select "Show export dialog" instead to select your own directory or
name.

• Include plot details in exported file. When this setting is enabled, the information that appears to the
left of the plot in the Details pane (series information, the type of logger, deployment information,
etc.) will be included in the exported file along with the sensor data. This option only applies to text
(.txt or .csv) file type exports, not Excel. It also requires that the file is saved and plotted before
exporting. Therefore, it is not compatible with exports done via the Bulk Export Tool or HOBOnode
Manager's Data Delivery and Plot/Export Wireless Data features. Finally, select a tab or semicolon for
the "export table data column separator" when using this option. If you choose a comma separator,
then details may span multiple cells.

• Use export ordering rules. Select this option to define the order that series are listed in the Export
window by default. Select the measurement type from the drop-down list and then click Add to add it
to the ordering rules list. In this example, we have set the order to temperature, RH, rain, wind speed,
and then wind direction. This means the Export window will always show any temperature, RH, rain,
wind speed, and then wind direction series first in the list, in that order, followed by any series that
were not defined in the rules. (You can override this order as needed in the Export window by clicking
the column header or dragging a row.) To delete an item from the ordering rules, click the
measurement type and then click Remove. To change the order of items, drag them up or down.
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Communications Preferences
Use the Communications category within Preferences to set the default device type, serial port, device speed, and
status window operation.
To change these settings:
1. From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
2. Select the Communications category on the left and then click the subcategory you wish to change.
3. Adjust any of the settings described below and then click OK.

Device Types
This preference controls the type of devices HOBOware recognizes when connected to the computer: USB, serial,
or both. If you only use USB loggers or serial loggers, select the corresponding preference. This will save time as
HOBOware will only check the USB or serial port(s) for a connected device when selecting Launch, Readout, Status,
or Stop from the Device menu. If you use both USB and serial loggers regularly, select "USB and serial devices." You
can also quickly change this preference by using the pull-down menu next to the Select Device icon
toolbar.

on the

Serial Ports
This preference controls which serial ports you want HOBOware to check for a connected device. Click Select All to
check all serial ports displayed in this list or choose specific serial ports. Note that if you want to use only one port,
you can have only one serial logger connected at a time. Alternatively, checking multiple serial ports can cause
slow performance even when no loggers are connected.
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Device Speeds
• Serial port speed. Select "Fast serial enabled" to read out a serial logger at a speed appropriate for
most systems. Disable this option only if you are having communication problems with the logger,
such as when the logger is connected via a slow serial-to-LAN bridge device. Communication between
the computer and the logger is slower when this option is disabled.

• USB logger readout. Select "Fast readout enabled" to read out a USB logger quickly. Disable this
option only if you are having communication problems with the logger. Communication between the
computer and the logger is slower when this option is disabled.

Other Options
Select "Close the status window on logger disconnect or communication error" if you want the Status window to
close automatically (on the next refresh) if it is open when you remove the interface cable, base station, or coupler
from the logger, or if communication is interrupted for another reason. Deselect this option if you want to leave it
open. Note that if the Status window was opened from the Launch Logger window, it will close automatically even
if this option is not selected.

Plotting Preferences
Use the Plotting Preferences to control fonts, series lines, Y-axis, and several other plot elements.
To change these settings:
1. From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
2. Select the Plotting category on the left and then click the subcategory you wish to change.
3. Adjust any of the settings described below and then click OK.
Notes:

• To apply certain preferences to a single series, double-click the series to open the Series Properties
window.

• To apply changes to real-time plots in HOBOnode Manager, restart HOBOnode Manager or remove
the plot for the sensor and then add it back (deselect the Plot checkbox for the sensor to remove it
and then select the Plot checkbox again to add it back.
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Fonts
Use the Fonts Preferences to control the font size, type, style, and color for most text on the graph (type, style, and
color preferences available in HOBOware Pro only). Note that the plot title font will be two points larger than the
selected font size.

Lines (HOBOware Pro only)
Use the lines preferences to define the appearance of lines in the plot for a specific series type. Rules added will
appear in the panel at the bottom. Only one rule can be added per series type. To delete a rule, click the delete
button on the row.

• When plotting multiple rules of the same type. If "Use the same color for each series" is
selected, then multiple series of the same unit type (for example, multiple temperature series) are
plotted with the same color, but with different line styles (solid, dashed, dotted, etc) to differentiate
them. If "Use a different color for each series" is selected, then multiple series of the same unit type
will be plotted in different colors. The series will still be attached to a single, common Y-axis, but only
one series will match the axis color.

• Use Rules. Select this box to set up rules for series lines on the plots. Then select the series type for
the rule you want to set up. Select the size and style of the series line. Click the Choose button to
select a line color. Click the Add Rule button to create the rule. Line size, style, and color will be
applied on series lines, the corresponding Y-axis (value axis), and its corresponding representation in
the legend. This rule will be overridden by any changes you make in the Series or Axis Properties
window. To add another rule, select a different Series Type, choose the settings, and then click Add
Rule. To delete a rule, select it and click the Remove button.

Value Axis (HOBOware Pro only)
Select the Use Rules box to set up rules about the minimum and maximum values used on the Y-axis (value axis)
for a specific measurement type. Select the measurement type and then type in the minimum (Bound Min) and
maximum (Bound Max) you want to use. Select the Unit Type and then click Add Rule to create the rule. This rule
can be overridden by any changes you make in the Axis Properties window. To add another rule, select a different
measurement type, choose the settings, and then click Add Rule. To delete a rule, select it and click the Remove
button.
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Layout
• Show the details pane when plotting data. Select this preference to automatically display the details
pane with the plot.

• Show the points table when plotting data. Select this preference to automatically display the points
table with the plot.

Points Table & Details Pane
• Use sensor Label (if available) in points table and details pane. Select this preference to display the
sensor label (if available) as added in the Launch Logger window with corresponding column header in
the points table and in the details pane. This is especially useful if there are multiple sensors of the
same measurement type in the same file (for example, a HOBO Micro Station datafile with three
temperature sensors).

• When selected value in table is out of plot range, drag series to that value. Normally, if the plot is
zoomed in and you select a point in the Points table that is outside the zoom area, the plot will scroll
so the marked point is in view, while retaining your zoom factor. Clear this box if you do not want to
scroll to points outside of the current view.

Gridlines
• Enable horizontal gridlines when plotting data. By default, horizontal gridlines are not displayed
when you open a plot. Enable this option if you always want a new plot to display gridlines for all
value axes.

• Enable vertical gridlines when plotting data. By default, vertical gridlines are always displayed when
you open a plot. Clear this checkbox if you never want a new plot to display gridlines for the time axis.
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Plot Setup
•

Automatically select all data series for plotting. By default, some series (such as Dew Point) are not
selected for display in the Plot Setup window. Enable this option if you want every series to be
selected automatically in the Plot Setup window.

• Automatically select internal events for plotting (e.g. Button Up/Down, Host Connected, EOF). By
default, all internal events are selected for display in the Plot Setup window. Disable this option if you
do not want these events to be selected automatically in the Plot Setup window.

• Automatically select pre-defined Data Assistants or Filtered series for plotting instead of the source
series. This option controls whether any series from Data Assistants and filters that you configured in
the Launch Logger window are automatically selected in the Plot Setup window. Disable this option if
you do not want these series selected automatically in the Plot Setup window.

• When Light and Occupancy are enabled as State on the same logger, derive four possible
Light/Occupancy state channels. For UX90-005x and -006x series loggers, this option controls
whether four additional data series are automatically calculated and available for plotting. These
series are:

• Lights on & occupied (Light On & Occ)
• Lights on & unoccupied (Light On & Unocc)
• Lights off & occupied (Light Off & Occ)
• Lights off & unoccupied (Light Off & Unocc)
Disable this option if you do not want these series to be generated when plotting data.

Other Options
• Mark all points when plotting data. This preference controls whether each data point is marked on
the series. Point markers are not displayed by default (except for events and for a series with only one
data point) to avoid cluttering the plot. Enable this option if you want all points to be marked on every
series whenever you display a plot. Keep in mind, however, that marking all points on a large plot
takes longer and consumes more system memory.

• Label the time axis. Select this option if you want the default label "Time" to be displayed with the
time axis (X-axis).

• Use sensor labels (if available) in legend. Select this option if you want any available sensor labels as
added in the Launch Logger window to appear in the legend with the series name.
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Undo & Redo
This preference controls whether you can undo and redo the changes you make to plots. When the Undo & Redo
preference is enabled, you can specify how many changes to plots will be stored within HOBOware. If you select
"Number of stored undoable actions," then there will be a limit to the number of changes to the plots that you can
undo. For example, if you choose to store 25 undoable actions, then you will be able to undo the last 25 changes
that you made to the plots, but not the 26th. You can configure HOBOware to store from 1 to 50 undoable actions
(changes to the plot) with this setting. If you select "Enable unlimited undoable actions," then there will be no limit
to the number of changes to the plots that you can undo. Note that storing an unlimited number of actions can
impact HOBOware performance on slower computers.

Data Assistant Preferences
Use the Data Assistant category within Preferences to control which Data Assistants are displayed in the Plot Setup
window.
To change these settings:

ͳǤ From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
ʹǤ Select the Data Assistant category on the left and then click the Data Assistants subcategory.
͵Ǥ Adjust any of the settings described below and then click OK.

When you read out a logger or open a datafile, all compatible Data Assistants are listed in the Plot Setup window
by default. Deselect the checkboxes for any assistants that you do not want to display in the Plot Setup window.
Or, click Show All to display all compatible assistants in the Plot Setup window or Hide All to display none of them.

Display Preferences
Use the Display category within Preferences to control the default units, date/time format, and series options
displayed in plots.
To change these settings:

ͳǤ From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
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ʹǤ Select the Display category on the left and then click the subcategory you wish to change.
͵Ǥ Adjust any of the settings described below and then click OK.

Default Units
This preference controls the units used throughout HOBOware: either US or SI (Metric). This will change the units
shown on the axis, legend, points, and details the next time you display a plot. This will also change the current
readings the next time you open the Status window.

Date/Time
These settings control how the date and time appears in HOBOware. Changes you make are shown in the date and
time sample. Any plots that may be open when you make changes to the date and time display will require the
plots to be redrawn, which may take several seconds. As noted in the preferences, date and time formatting
beyond what is specified in these settings are determined by the computer operating system. Note: When you
export a file, the date and time are exported as determined by the Export Settings in Preferences (except for year
format, which is only controlled by these Date/Time settings in the Display category. If you open the file in Excel,
the dates and times may be automatically reformatted to Excel's default date and time format, which you may
customize within Excel.

• Date format. This controls how the date is displayed: Month, Day, Year; Day, Month, Year; or Year,
Month, Day.

• Date separator. This controls what character is displayed between the month, day, and year: a slash
(/) or a dash (-).

• Year format. This controls whether the year is listed as two of four digits.
• Time format. This controls whether the time is shown in 12- or 24-hour format.
• Use locale for all. Click this button to use the default settings for the current locale as configured in
the operating system.
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Series
Use the Series preferences to customize how data series are sorted in the Status and Plot Setup windows and to
set battery series options.

• Select a sort order. Choose one of the following four ways to sort the series displayed in the Status
and Plot Setup windows:

 Logger's default: Series are sorted the same way they were listed in the Launch Logger
window.

 Enabled: All series selected, or enabled, for logging are displayed at the top of the list.
 Label: Series are sorted by their label name, if available. Labels can be sorted in ascending
or descending order (alphabetically or numerically depending on the label entered).

 Measurement: Series are sorted by measurement type alphabetically in ascending or
descending order.

• Display derived series below their source series. A derived series is one that is calculated rather than
recorded by a sensor. Some loggers have the capability to create datafiles that not only have logged
sensor data, but also additional derived series automatically calculated in relevant units. One example
is a logger with a temperature/RH sensor. The logger records a data series for temperature and
another for humidity (two source series), which are used to calculate a dew point data series (the
derived series). In addition, some loggers support filtering at launch time and using data assistants
before or after launch, which also results in derived series. Select this option if you want any derived
series to be displayed immediately following its source series in the Status and Plot Setup windows. By
default, this option is disabled, which means all derived series are displayed at the bottom of the data
series list. Note that status window support is limited for station loggers, such as the U30 Station.

• Show the option to log battery. This setting controls whether you have the option to enable or
disable the battery series in the Launch Logger window when applicable. You can configure some
loggers to record the battery voltage at every logging interval. When this option is selected, you can
choose whether to record the battery voltage at launch time. If this setting is not selected, then you
cannot record the battery voltage and it will not be shown in the Launch Logger window. This setting
is enabled by default.

• Display logger's battery series in the last position. This setting controls whether the optional battery
series is displayed at the bottom of the data series list in the Launch Logger, Status, and Plot Setup
windows regardless of any other series settings. If this setting is not enabled, the position of the
battery series in the data series list will vary based on other preferences. This setting is enabled by
default.

Warnings Preferences
Use the Warnings Preferences to disable warning pop-ups that you do not want to appear. Before you do so,
however, keep in mind that the warnings are intended to help prevent mistakes and inadvertent data loss. Review
each warning carefully before disabling it. To re-enable a warning, re-select the check box.
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To disable all of the warnings in a group, click the Select None button for that group.
To enable all of the warnings in a group, click the Select All button for that group.
You access the Warnings Preferences by going to File > Preferences > Warnings.
To change these settings:

ͳǤ From the File menu on Windows or the HOBOware menu on Macintosh, select Preferences.
ʹǤ Select the Warnings category on the left and then click the subcategory you wish to change.
͵Ǥ Adjust any of the settings described below. To disable all the warnings in a group, click the Select
None button for that group. To enable all the warnings in a group, click the Select All button for that
group. Click OK in the Preferences window to save changes.

General
• There is any remaining unsaved data when closing a plot or application. This warning reminds you
when you made changes to a plot, but haven't saved the changes to a project file.

• The project file being opened was created with a different version of HOBOware. This message
warns you if you are opening a project file that was saved in different version of HOBOware than you
are currently using. In some instances, there may be differences in software versions that could affect
the project file.

• Data Node email server authorization is selected but no username is entered. When setting up
HOBOnode Manager alarm preferences, this message warns you if there is no username entered
when you selected the option "This server requires authentication."

Warnings Before the Launch Screen
These preferences control warnings that appear when the logger is connected to the computer and you select
Launch from the Device menu or the Launch icon from the toolbar. If enabled, these warnings will display before
the Launch Logger window is opened.

• The logger is waiting for a delayed start. This warning indicates that the logger has already been
configured to start logging on a specific date and time; logging has not begun.

• The logger is waiting for a triggered start. This warning indicates that the logger has already been
configured to launch with a push button or triggered start, but logging has not begun.

• The logger is currently logging (Station Loggers only). This warning indicates the a station-type logger
(U30, HOBO Weather Station, HOBO Micro Station) is currently recording data.

• The logger needs to be readout (USB devices only). This warning indicates the data on the USB logger
(U-Series) has not been offloaded, or read out, yet.
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Warning After the Launch Screen
These preferences control warnings that appear after you click the Start button in the Launch Logger window.

• The Temperature channel is disabled but required to log Pressure. For some loggers that record
barometric pressure data, the temperature must also be logged. This message warns you if you
selected the pressure sensor or channel in the Launch Logger window, but not temperature.

• The Temperature channel is disabled but required to log Relative Humidity. For some loggers that
record relative humidity data, the temperature must also be logged. This message warns you if you
selected the relative humidity sensor or channel in the Launch Logger window, but not temperature.

• The specified delay time is in the past. This warning indicates that you have selected a start date or
time for logging that is in the past instead of the future.

• The specified delay time is past the sensor cap expiration. This warning indicates that the date or
time you selected for the launch to begin is past the U26 Dissolved Oxygen logger sensor cap
expiration date.

• The logging duration could extend past the sensor cap expiration. This warning indicates that
projected logging duration (the amount of time it takes for the logger's memory to fill) lasts beyond
the U26 Dissolved Oxygen logger sensor cap expiration date.

• The logging interval specified is too small for the TRMS module. This warning indicates that the
logging interval (how often the logger records data) is not supported by the TRMS module in a U30
station logger.

• The Battery channel is disabled but recommended when using excitation power. This warning
indicates that the battery channel in the Launch Logger window has not been selected on a U30 or
FlexSmart logger configured to use excitation power.

• The logger's battery power is too low to provide excitation to external sensors. This warning
indicates the battery is too low for a U30 or FlexSmart logger that has been configured to power
excitation to external sensors.

• The Battery channel is enabled but will not log data without other sensors attached. This warning
indicates that you have only selected the battery channel in the Logger Launch window and no other
sensors.
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Restoring Default Preferences
To return all preferences to their original settings in both the Preferences and custom-defined Launch Logger
window settings (State Description, % or Time, Logging Interval), open the Preferences window (click the File menu
in Windows or the HOBOware menu on Macintosh and select Preferences). Click the Restore Defaults button.

A message appears asking if you are sure you want to restore all preferences to their default values. Click Yes to
restore the default preferences. In addition to the options configured in the Preferences window, the following
settings are also affected:

• Data File Folder Locations. When you restore the preference defaults, the default folder locations for
datafiles, text files, and project files is reset to:

 C:\Documents and Settings\<user>\My Documents\HOBOware
(for Windows XP)

 C:\Users\<user>\Documents\HOBOware
(for Windows 7, Windows 8, or Windows 10)

 Users/<user>/Library/Application Support/HOBOware
(for Macintosh OS X)

• FlexSmart modules or Analog Sensor Ports channel names and units. Any custom-defined channel
names and units for FlexSmart modules or Analog Sensor Ports are removed from the pull-down
menus in the Configure Channel window. However, this will not affect customized channel names and
units that you saved in configuration files (.hcfg).

• HOBOware software updates. The date and time of the most recent check for HOBOware software
updates will not be retained. A message will appear next time you reopen HOBOware asking if you
want to check for updates.

• Custom-defined Launch Logger window menus. Any custom-defined Launch Logger window settings,
such as State Description, % or Time, Logging Interval, will be cleared.
Menus
The following menus are available in HOBOware:
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• HOBOware (on Macintosh)
• File
• Device
• Edit
• View
• Tools
• Window
• Help

The HOBOware Menu
The HOBOware menu is available on Macintosh only. Some of the menu options available from the File menu in
Windows are displayed here instead on Macintosh.

The HOBOware menu options are:

• About HOBOware. Select this option to open a compatible datafile. See Opening Files for more
information.

• Preferences. Select this option to open the Preferences window where you can change the default
settings in HOBOware. See Setting Preferences for more information.

• Services. This is a Macintosh operating system menu option.
• Hide HOBOware. This option hides HOBOware from view.
• Hide Others. This option hides all currently open programs except for HOBOware from view.
• Show All. This option displays all currently open programs.
• Quit. Select this option to close HOBOware.

1-800-LOGGERS

213

www.onsetcomp.com

HOBOware User’s Guide

The File Menu
From the File Menu, you can open and close datafiles and projects, import and export data, and print plot
elements.

The File menu options are:

• Open Datafile(s). Select this option to open a compatible datafile. See Opening Files for more
information.

• Merge Datafile(s). Select this option to add a datafile to the end of another datafile. See Merging
Datafiles for more information.

• Open Project. Select this option to open a HOBOware project. See Opening Files for more information.
• Plot/Export Wireless Data. This applies to a ZW series wireless network and is only available in
HOBOware Pro. See Plotting or Exporting Wireless Data for more information.

• Recent Files. Select this option to quickly access the last 10 files you opened.
• Close. Select this option to close the active file or project.
• Close All. Select this option to close all open files and projects.
• Save Datafile. Select this option to save the data of the active plot to a datafile (only available as an
option if you selected to not save the datafile when reading out a logger).

• Save Project. Select this option to save the active project.
• Import Text Data. Select this option to import and graph non-HOBOware data in certain text files
(available in HOBOware Pro only). See Importing Text Files for more information.

• Import Text File from HOBOlink. Select this option to open a text file generated by HOBOlink for a
HOBO U30 Station.

• Export Details. Select this option to export the information in the Details Pane into a text file that can
be opened in any text editor or imported into many other types of programs (word processors,
spreadsheets, etc.). See Exporting Details for more information.
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• Export Table Data. Select this option to export the points shown in the Points table to a text file (.csv
or .txt) or Microsoft Excel (.xls) file. See Exporting Table Data for more information.

• Page Setup. Select this option to set up the paper size, margins, and orientation for printing a plot.
• Print Preview. Select this option to preview the page for printing a plot.
• Print. Select this option to print a prot.
• Print Details. Select this option to print the Details Pane.
• Print Points. Select this option to print the Points Table.
• Preferences. Select this option to open the Preferences window where you can change the default
settings in HOBOware. See Setting Preferences for more information. Note that Preferences is
available from the HOBOware menu on Macintosh.

• Quit. Select this option to close HOBOware. Note that this is available from the HOBOware menu on
Macintosh.

The Device Menu
Use the Device menu to launch, read out, and stop loggers as well as access HOBOnode Manager and work with
other features for specific devices.

The Device menu options are:

• Launch. Select this option to open the Launch Logger window where you can set launch settings and
start the logger.

• Readout. Select this option to offload, or read out, data from the logger to your computer, allowing
you to save the data in a datafile and view the plot in HOBOware.

• Status. Select this option to view the current status of the logger, including current readings (for some
sensors), remaining battery, and logger memory.

• Stop. Select this option to stop a device.
• Manage Shuttle. Select this option to manage a HOBO shuttle (available for HOBOware Pro only). See
Working with a Shuttle for more information.

• Manage HOBO Data Node Network. Select this option to open the HOBOnode Manager where you
can manage a ZW series wireless network (available for HOBOware Pro only).

• Configure Modules/Ports. Select this option to configure analog sensor ports on the HOBO U30
station logger or FlexSmart modules.
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• Manage U30. Select this option to access features specific to the HOBO U30 Station. From this menu
option, select Control U30 Relay to configure the default state of a relay or to activate or deactivate
the relay for testing. See Controlling the Relay on the HOBO U30 Station for more information. Or,
select Configure U30 Alarms to set up alarms on the HOBO U30 Station.

• Lab Calibration. Use this option to open the Lab Calibration tool used with the HOBO U26 Dissolved
Oxygen Logger.

• Select Device. Use this option to select a device currently connected to the computer.
• Default Action. Select this option to set up HOBOware to perform the same action (Launch, Readout,
or get Status) every time a logger is connected (available for HOBOware Pro only). See Repeating an
Action on Multiple U-Series Devices for more information.

• Utilities. Use the Utilities submenus to select one of the three Force Offload options only if you are
having problems reading out your device or as directed from Onset Technical Support.

The Edit Menu
Use the Edit menu to modify the plot, including filtering series, removing series, setting properties, and converting
units.

The Edit menu options are:

• Filter Series. Select this option to create a new series based on statistical analysis of an existing series
over specified periods of time. See Filtering a Series for more information.

• Copy Series. Select this option to copy a series and then paste it into another plot. See Copying a
Series to another Plot for more information.

• Paste Series. Select this option to paste a series into another plot. See Copying a Series to another Plot
for more information.

• Add Graph Label. Select this option to access the Graph Label Properties window to add labels to a
plot that identify specific points or call attention to a region of the graph. See Adding Labels to a
Graph for more information.

• Hide/Show Series and Show All Hidden Series. Select Hide to hide a series from the plot and the
Points table (it will be grayed out in the Details pane). To show an individual series that was previously
hidden, select a grayed out series in the Details pane and then select Show Series from this menu. To
show all series that were previously hidden, select Show All Hidden Series.

• Remove Series. Select this option to remove series from a plot after you have selected it in the graph
or the Details pane. If you remove a series, it can only be recovered by reopening the original datafile
or a saved project file that contains the series.
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• Graph Properties. Select this option to access the Series Properties window. See Setting Series
Properties for more information.

• Convert Units. Select this option to access the Convert Plot window, which allows you to convert
some or all of the series on the currently focused plot to other units (for example, from degrees
Fahrenheit to degrees Celsius). Note that changing the units will result in the entire plot being
redrawn. See Converting Units for more information.

• Undo Action. Select this option to undo the last change made to the current plot. The most recent
change is listed after the Undo Action menu choice. In this example, the most recent change to the
plot was to "Zoom Out." See Undo and Redoing Plot Changes for more information.

• Redo Action. Select this option to redo the last change that was previously undone. See Undo and
Redoing Plot Changes for more information.

• Copy Graph to Clipboard. Select this option to copy the graph to the clipboard to paste it into another
application.

The View Menu
Use the View menu to change the appearance of the plot, including zooming, showing or hiding components,
marking points, and setting gridlines.

The View menu options are:

• Zoom In. Select this option to zoom in on the plot.
• Zoom Out. Select this option to zoom out on the plot.
• View Full Scale. Select this option to view the plot in full scale.
• Details Pane. Select this option to show or hide the Details Pane.
• Points Table. Select this option to show or hide the Points Table.
• Show Title. Select this option to show or hide the title of the plot.
• Show Legend. Select this option to show or hide the plot legend.
• Mark All Points. Select this option to mark all points on the plot.
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• Vertical Gridlines. Select this option to show or hide vertical gridlines on the plot.
• Horizontal Gridlines. Select this option to show or hide horizontal gridlines on the plot.
• Select None. Select this option to deselect all elements in the plot.
• Remove Crosshair. Select this option to remove crosshairs from the graph.
• Remove Subset Stats. Select this option to remove subset statistics from the plot.
• Bring Series To Front. Select this option to bring a series to the front on the plot on top of all other
series.

• Send Series To Back. Select this option to send a series to the back of the plot behind all other series.

The Tools Menu
Use the Tools menu to access the Bulk File Export tool, which allows you to export numerous datafiles at one time
(HOBOware Pro only). See the Bulk Export Tool for more information.

The Window Menu
Use the Window menu to organize several plots.

The Window menu options are:

• Tabbed View. With this option, plots are layered as tabs so you can see the file name of each open
plot (or "Untitled*" for an unsaved datafile). You can also get to this view by clicking the Tabs icon in
the lower left of the window.

• Tile Horizontally. Select this option to arrange up to five plots horizontally. If six or more plots are
open, they will be tiled as a grid. You can also get to this view by clicking the Horizontal Tile icon in the
lower left of the window.

• Tile Vertically. Select this option to arrange up to five plots vertically. If six or more plots are open,
they will be tiled as a grid. You can also get to this view by clicking the Vertical Tile icon in the lower
left of the window.
Tip: You can open the same datafile multiple times to create different views of the graph, then use the Tile
commands on the Window menu (or resize and move the windows manually) to see all of them at once. This is
helpful if you want to zoom in on several different areas and view them side-by-side, see the detail of a small area
while the full graph is still in view, or view each series in a different window.

The Help Menu
Use the Help menu to get more information about HOBOware, upgrade the software and certain devices, and
request help from Onset Technical Support.
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The Help menu options are:

• HOBOware Help. Select this option to open the help system, displaying the full table of contents.
• Check for Software Updates. Select this option to check if there are any HOBOware updates available
on the Onset website. You can also set the general startup settings in Preferences to automatically
check for software updates on a schedule that you select.

• Update Device Firmware. Select this option to check if there are firmware updates available for
certain devices. This option is only enabled when either a HOBO U-Shuttle or HOBO UX/MX series
logger is connected to the computer. Select the appropriate submenu for your device, either "Update
U-DT-1/U-DT-2 Firmware" for a HOBO U-Shuttle or "Update UX/MX Series Logger Firmware" for a
logger. You likely will only need to do this as directed by Onset Technical Support. Note that firmware
updates for HOBO ZW series receivers and data nodes are completed within HOBOnode Manager.

• Manage License Key. Select this option if you need to enter a new license key. This is only necessary if
you are upgrading from HOBOware to HOBOware Pro.

• Enable/Disable Logging. Select this option to turn on or off logging within HOBOware. When logging is
enabled, a series of text files will be generated and saved every time you use HOBOware. It is
recommended that you only enable logging when requested to do so by Onset Technical Support,
who may need additional files to troubleshoot any technical problems you may be having with the
software.

• Submit Technical Support Request. Select this option if you are having a problem with HOBOware and
would like to request help from Onset Technical Support. Fill in all the requested information in the
form, including your name, email address, logger/device model name and serial number, and a
detailed description of the problem you are encountering.

• About HOBOware. Select this option to see which version of HOBOware you are using in Windows.
This option is available from the HOBOware menu on Macintosh.

The Toolbar
The toolbar, located at the top of the main HOBOware window, allows point-and-click access to the most
frequently used functions. Pause the pointer over each icon on the toolbar for a description of each tool.

Launch -

- Opens the Launch window.
- Opens the Readout window.

Readout Status Stop -

- Opens the Status window, which displays the logger's state and current readings.
-Stops a logging logger.
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Select Device - Opens the select Device window, which displays available devices. The accompanying pulldown menu allows you to specify whether you want HOBOware to look for USB devices, serial devices, or both.
- Change the default unit type between US and SI. Any changes you make will take effect
Set Default Units with the next plotted file.
Undo Action -

- Undoes the most recent change made to the plot.

Redo Action -

- Redoes the most recent change that was undone to the plot.

Open -

- Launches the Open window, from which you can open HOBOware files.

Save -

- Opens the Save window, from which you can save the plot as a project (.hproj) file.

Close -

- Closes the currently focused plot.

- Opens the Export Options window, from which you can configure settings for exporting a text file of
Export the data (in .csv or .txt format) for use in spreadsheet and other applications.
Print -

- Prints the graph as it appears on your screen.

Arrow - - Launches the Arrow Tool, which you can use to point to and select items on the graph to edit their
properties.
Crosshair - - Launches the Crosshair Tool, which you can use to display values for points on the graph and crossreferences them to cells in the Points pane.
Hand Drag Zoom -

- Launches the Hand Drag Tool, which you can use to scroll an axis or the entire graph.

-Launches the Zoom Tool, which you can use to adjust the scaling of an axis or the entire graph.

-(HOBOware Pro Only) Launches the Subset Statistics Tool, which you can use to view
Subset Statistics statistics for a particular time span.
Zoom In Zoom Out -

- Launches the Zoom In Tool, which allows you to zoom in on a smaller area of the graph.
- Launches the Zoom Out Tool, which allows you to zoom out to a larger area of the graph.

Show Graph at Full Scale -

- Resets the scale of a graph to accommodate all of the displayed data.

Graph Properties axis).

- Opens the properties window for the element currently selected (such as series, legend,

Vertical Gridlines -

- Toggles vertical gridlines on or off.

Horizontal Gridlines Mark Points -

-Toggles horizontal gridlines on or off.

-Toggles point markers on or off.

Convert Units - -Opens the Convert Units window, which allows you to convert some or all of the series on the
currently focused plot to other units (for example, from degrees Fahrenheit to degrees Celsius).
-You can create a new series based on statistical analysis of an existing series over specified
Filter Series periods of time.
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Pie Chart series.

-Opens the Pie Chart window in which you can view, print, and save a pie chart for plotted state

-Opens the Graph Labels Properties dialog, which allows you to add a label to the plot or to
Add Graph Label a specific series, and change the appearance of that label.
Help -

- Opens the Help.

Tips for Working with Multiple Loggers
HOBOware Pro has several built-in features that allow you to bypass some of the repetitive work of launching and
reading out multiple loggers. These features not only will save you time, but also will help ensure your loggers are
launched with consistent settings. Follow these tips if you plan to launch or read out many numerous loggers of
the same type with identical settings.

General Settings
• Change the Device Types preference to one device type. Depending on the selections you made
when installing HOBOware, it may be configured to search for both serial and USB devices. If you are
only using USB devices you can bypass the Select Device Type and save time. To bypass the Select
Device Type window, select Preferences from the File menu. Under the Communications preferences,
select Device Types. Choose either "USB devices only" or "Serial devices only."

Launching Multiple Loggers
• Check the Description name. Use a logger serial number or your own unique identifier in the
Description field in the Launch Logger window as shown in the example below. The name of the
launch description is important because it is also used as the default file name when you read out the
logger. Using unique names here will eliminate the need to individually name files during readout.

• If you plan on launching multiple loggers of the same type with the same settings (i.e. start
time, logging interval, etc.), set up and start one logger first. To do this, open the Launch
Logger window for one logger. Enter your settings for the launch. Double-check that they are correct
and then start the launch. Setting and starting this one logger will create a model for all the other
loggers of the same type to follow. The key to success is making sure the settings are exactly as you
want so be sure to double-check or even triple-check them. You want to be certain the first logger is
right!

• Set the Launch Time-Saving preferences to use the previous logger’s launch settings. From
the File menu, select Preferences. Select General and then click Launch Time-Saving Options. Under
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"When launching," select "Show launch screen" and under "Launch with contents of," select "Previous
launch" to use the same launch settings from the last logger that was launched (same logger model
only).

• Change the Default Action option (USB devices only). Under the Device menu in HOBOware,
change the Default Action from "Do Nothing" to "Launch." If you also set the launch time-saving
preferences to "Automatically launch," then this allows you to launch numerous U-Series loggers in a
row simply by plugging and unplugging individual loggers. If you set the launch time-saving
preferences to "Show launch screen," this will still save you the step of manually selecting Launch
from the toolbar or the Device menu for each logger. Change this back to "Do Nothing" when you’re
done. Note: If this is the first time you have used the logger on the computer, you may have to plug
the logger in, unplug it, and then plug it back in.

• Test that your changes have taken effect. Connect a different logger of the same type to the
computer. The Launch Logger window for that logger should immediately open the settings should
match what you set up in the first logger. Press Enter or click the Start button in the Launch Logger
window and the logger will start (note that the wording on the Start button may vary depending on
when logging is scheduled to begin). You can do this repeatedly for loggers of the same type.

• Optional: Set the preferences to skip the launch window. If you are comfortable with the
previous steps, you can also set up HOBOware to bypass the Launch Logger window entirely. From the
File menu, select Preferences. Select General and then click Time-Saving Options. Under "When
launching," select "Automatically Launch" to skip the launch window. Note: If you need to change the
launch description for each logger, then select "Show launch screen" instead.

Reading Out Multiple Loggers
• Set the Readout Time-Saving preferences. From the File menu, select Preferences. Select General
and then click Readout Time-Saving Options. Under "When Saving datafile," select "Automatically
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save" instead of "Show save dialog." Under "When plotting," select "Do not plot." This bypasses the
save dialog that normally appears during readout and automatically saves the data file to the default
directory without plotting the data. Note: If you also want the logger to continue logging after
readout, uncheck the "Ask to stop logging before reading out a running logger" checkbox. If you need
to stop the logger, keep that option checked. You’ll then see a prompt to stop the logger during each
readout.

• Change the Default Action option. Under the Device menu in HOBOware, change the Default
Action to "Readout." This feature will automatically initialize the Readout sequence every time you
connect a logger to the computer (with HOBOware open). This will still save you the step of manually
selecting Readout from the toolbar or the Device menu for each logger.

Setting the Language/Format on Your Computer
The HOBOware user interface has been translated from English into several languages, which are supported by
specific formats. These languages and formats are: Chinese (China), French (France), German (Germany), Japanese
(Japan), Portuguese (Portugal), and Spanish (Spain). To change the language displayed in the HOBOware user
interface, you must change the language/format settings on your computer as described below.
Notes:

• The supported languages only work with the specific format or country listed above. For example,
Portuguese is supported in the Portugal format only and not with Brazil.

• The HOBOware Help and all related documentation are available in English only.
• If you are using HOBOnode Manager: The language in use at the time the original HOBO data
node network database was created is the only language that can be used for that database. You
cannot switch to another language. If you need to change the locale on the computer that contains
your HOBO data node network database, you must first back up and then move or rename the
database before changing the locale on the computer. Then, form a new network to create a database
that operates in the new locale.
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On Windows 10:
1. Close HOBOware.
2. From the Start menu, select Settings> Time & Language.
3. Select Region & Language.
4. Select your country or region.
5. Reopen HOBOware.

On Windows 7 and Windows 8:
1. Close HOBOware.
2. Open the Control Panel and select "Region and Language."
3. Under the Formats tab, select the desired language/format and click OK to save the changes.
4. Reopen HOBOware.

On Macintosh OS X:
1. Close HOBOware.
2. Open System Preferences and access the "Language & Text" Preferences.
3.

Under the Language tab, drag the desired language to the top of the list. If the desired language does
not appear in the list, click the "Edit List…" button to add it.

4.

Under the Formats tab, ensure the correct Region is selected in the drop-down menu. Example: For
Spanish (Spain), Spanish must be first in the Language list, and Spain must be selected under the
Region drop-down menu.

5. Reopen HOBOware.

Alarm & Readout Tool
IMPORTANT: The Alarm & Readout Tool is not supported with HOBOware 3.5 or later. For questions or assistance,
refer to www.onsetcomp.com/support.
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The Barometric Compensation Assistant uses water pressure data from a HOBO U20 or U20L Water Level Logger and
additional information from you to compensate for barometric pressure and create a water level or sensor depth series.
After you use the assistant and display the plot, you may apply filters to the new series.
To create a water level or sensor depth series:
1.

Read out a logger or open a datafile that contains water pressure data from a U20 or U20L Water Level Logger.

2.

From the Plot Setup window, select Barometric Compensation Assistant and click Process.

3.

Provide Fluid Density information by choosing a water type (fresh, salt, or brackish), entering a specific constant
value, or using the temperature series (if logged) to use temperature-compensated density assuming fresh water.

4.

To enter a reference water level, check the Use a Reference Water Level box, enter the water level, and indicate
whether it is in feet or meters.
•

Enter the water level as a positive number if it is measured upward from a reference point below the water's
surface, such as the water's height above sea level.

•

Enter the water level as a negative number if it is measured downward from a reference point above the
water's surface, such as a well cap.

Then, from the drop-down, select the logged time and value that is closest to the time when you measured the
water level.
•

10572-I

When selecting a logged value and time to link to the reference level, make sure the logger readings have
stabilized. When a logger is first deployed in water, it takes some time for its temperature to reach
equilibrium. You will get the best accuracy if you link your reference reading to a stabilized logger reading.

Barometric Compensation Assistant User’s Guide
•

5.

6.

When using a reference water level, the resulting series data will contain water level values relative to this
reference level. If you do not use a reference water level, the resulting series data will contain values for
absolute sensor depth.

You can either use a barometric data file from another source, or enter a fixed barometric pressure. For the most
accurate water level results, use a reference water level and a barometric data file. The barometric data can come
from another HOBO U20 or U20L Water Level Logger in air; a HOBO Weather Station, HOBO Micro Station, HOBO
U30, or HOBO Energy Logger; or a text file from another source.
•

To use another file to provide barometric information, click the Use Barometric Datafile button and enter (or
browse to) the name of a .hobo, .hsec, .dtf, .dsec, .csv, or .txt file that contains a barometric pressure series
from an overlapping time period. You will have the option to display this series on the plot. Important: To use
a .txt file, refer to the HOBOware Pro User’s Guide for information on how this file must be formatted.

•

To use a constant pressure value, click the Use Constant Barometric Pressure button. Enter the constant value
and indicate whether it is in psi or kPa. (You cannot use a constant pressure value in combination with a
reference water level.)

Keep the default Resultant Series Name, or enter a new one. You may also enter User Notes concerning the series
you are creating.
Note: Your settings are retained, so you do not need to re-select your density and barometric file each time you
use the Barometric Compensation Assistant as long as they still apply to the new water level data set.

7.

Click Create New Series. The new series is listed and selected in the Plot Setup window. You can click Process on
the Plot Setup window again to create another series using different barometric compensation parameters.

8.

Click the Plot button. The scaled series will appear in the plot and the settings for the scaled series are listed in the
Details pane:

After the plot is displayed, you may apply minimum, maximum, and average filters to the new water level or
sensor depth series as you would for any sensor data series in HOBOware Pro.
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The Conductivity Assistant converts raw conductivity data from a U24 logger to Specific Conductance and/or Salinity. You
can also use it to enter field calibration measurements recorded at the beginning and end of a deployment for calibration
and to compensate for drift and sensor fouling effects.
1.

Read out a U24 series logger or open a datafile from a U24 logger.

2.

From the Plot Setup window, select the Conductivity Assistant and click the Process button.

3.

In the Conductivity Assistant window, select the conductivity series that corresponds to the range of your data.
Note: If you only selected one range at launch time, only one series will be listed.

15019-E

•

For the U24-001 logger, select either Conductivity Low Range when the data is always less than 1,000 μS/cm
or select Conductivity Full Range (default) when the data goes above 1,000 μS/cm as shown below.

•

For the U24-002-C logger, select either Conductivity Low Range when the data is always less than 10,000
μS/cm or select Conductivity High Range (default) when the data goes above 10,000 μS/cm as shown below.

Conductivity Assistant User’s Guide
4.

5.

Select your desired Temperature Compensation method.
•

Use “Non-linear, Natural Water Compensation per EN27888” for freshwater lakes and streams.

•

Use “Linear compensation default at 2.1 %/°C” or “Linear compensation at <your own value> for NaCl
solutions or other linear solutions.

•

Use "Non-linear, Sea Water Compensation based on PSS-78" for salt water or salt marshes.

Select a Calibration Method. By default, data is calibrated using the factory calibration. To enter your own
calibration values, select “Use measured points for calibration” and then enter temperature and actual
conductivity (not specific conductance) values from your calibration readings taken with a field meter. These field
measurements will be used to provide calibrated conductivity and salinity data series by adjusting the data as a
percentage of the reading. See Calibration below for more information.
•

Starting and Ending Value: This method calibrates your data and adjusts for sensor drift or fouling. This
assumes there is a linear change in calibration adjustment required.

•

Starting value only: All readings are adjusted up or down by a fixed percentage of the reading based on this
calibration point.

•

Ending Value Only: The factory calibration value is used as the starting point. This assumes there is a linear
change in calibration adjustment required.

Note: You cannot use a zero-point calibration solution for starting and ending values. The first data point cannot
be used as the ending value; consider using that as the starting value instead.
6.

Select the Only Report Data Between the Selected Points checkbox if you want readings from before or after the
calibration points to be removed from the resulting series.

7.

In the Series Name field, keep the default name or type a new one.

8.

Type any User Notes concerning the series you are creating (optional).

9.

Click the Create New Series button.

10. The Plot Setup dialog lists a series called Specific Conductance (or the name you entered for Series Name). The
default units are microSiemens/cm (μS/cm). You can change the units to milliSiemens/cm (mS/cm) if desired. The
default units for salinity are ppt (parts per thousand) and this cannot be changed.
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11. Click Plot to plot the data. The Details Pane will show the series selected in Plot Setup:

After the plot is displayed, you may apply minimum, maximum, and average filters to the scaled series as you
would for any sensor data series in HOBOware Pro.
12. Save this plot as a Project to preserve this processed data.
Calibration
It is important to take temperature and conductivity calibration readings with a portable conductivity meter at both the
beginning (launchtime) and end of a deployment (readout) because these readings are necessary for data calibration and to
compensate for any measurement drift during deployment. The conductivity calibration readings should be the actual
conductivity values (not in specific conductance at 25°C), and should be recorded in a notebook with the time and location
of the reading. See the logger manual for details on different methods to record these values.
1.

Once the logger is deployed and logging, record in a notebook the temperature and actual conductivity meter
readings along with the date and time which will be entered into the Conductivity Assistance to correct the field
data.

2.

Before you remove the logger and read out its data, take another temperature and conductivity reading with the
meter and record the exact date and time.

3.

Enter these values under the "Use measured points for calibration" option in the Conductivity Assistant.

Notes:
•

Whenever a logger is removed for downloading data, clean the sensor window using a cotton swab with a mild
detergent and rinse.

•

If the water in the field is not accessible to the conductivity meter sensor, such as in a deep well, a bailer can be
used to fetch a water sample for testing. See the logger manual for more details.

1-800-LOGGERS (564-4377) • 508-759-9500
www.onsetcomp.com/support/contact

© 2012–2016 Onset Computer Corporation. All rights reserved. Onset, HOBO, and HOBOware are trademarks or
registered trademarks of Onset Computer Corporation.
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Product Cleaning Reference Guide
Onset products are built with a variety of materials, each carefully chosen to best suit the environment where the loggers and
sensors will be deployed. Because of the wide range of materials in use, there are different recommended cleaning methods for
each product. Refer to the following chart to determine the compatible cleaning methods for your product based on its wetted
materials. This guide lists safe cleaning methods for select loggers and sensors only; additional details on cleaning and
maintenance for your device may also be available in the product manual. Note: When instructions call for warm soapy water,
use a few drops of dish soap (such as Dawn®) or biodegradable soap.

Part Number(s)

Product Name

Wetted Materials

Cleaning Guidelines

U12-008

HOBO® U12 4-Channel
External Data Logger

ABS

Briefly submersible for cleaning only. Clean
housing and sensor cables with warm soapy
water.
To protect the logger electronics, do not fully
submerge in water for an extended period of
time.

U12-015, U12-015-02

HOBO U12 Stainless
Temperature Data Logger

316 stainless steel

Completely submersible. Clean with 10% bleach
solution, isopropyl alcohol, or warm soapy water.

U20-001-01, U20-001-01-TI,
U20-001-02, U20-001-02-TI,
U20-001-03, U20-001-03-TI,
U20-001-04, U20-001-04-TI

HOBO U20 Water Level
Data Logger

316 stainless steel,
Viton®, acetyl, ceramic

Completely submersible. Clean with 10% bleach
solution, isopropyl alcohol, or warm soapy water.

U20L-01, U20L-02, U20L-04

HOBO U20L Water Level
Data Logger

Polypropylene, Viton,
Buna-N, ceramic,
acetyl, stainless steel

Completely submersible. Clean with isopropyl
alcohol or warm soapy water.

U22-001, H20-001

HOBO Water Temp Pro v2
Data Logger

Polypropylene, EPDM,
stainless steel

Completely submersible. Clean with isopropyl
alcohol or warm soapy water.

U23-001

HOBO U23 Pro V2
Temperature/RH Data
Logger

Styrene,
polypropylene,
Buna-N, vinyl,
polyethersulfone

Not submersible. Clean logger housing with warm
soapy water, but do not submerge in water.

U23-002

HOBO U23 Pro V2 External
Temperature/
RH Data Logger

Styrene,
polypropylene,
Buna-N, vinyl, PVC,
polyethersulfone

Logger is briefly submersible for cleaning only, but
the sensor probe is not. Clean logger housing with
warm soapy water and clean the probe with a
damp cloth.
To protect the logger electronics, do not fully
submerge in water for an extended period of
time.

U23-003, U23-004

HOBO U23 Pro v2 External
Temperature Data Logger

Styrene,
polypropylene,
Buna-N, vinyl, PVC,
polyethersulfone

Briefly submersible for cleaning only. Clean logger
housing and sensor probe with warm soapy water.
To protect the logger electronics, do not fully
submerge in water for an extended period of
time.

U24-001, U24-002-C

HOBO Conductivity Data
Logger

Acetal, polypropylene,
EPDM, stainless steel,
epoxy, titanium
pentoxide

Completely submersible; clean with a few drops of
dish soap or biodegradable soap in a cup of warm
tap water. Use vinegar and water to dissolve
crusty deposits on the conductivity sensor.

U26-001

HOBO Dissolved Oxygen
Logger

Delrin®, PVC, EPDM,
silicon bronze

Completely submersible. Wipe the sensor cap
with a soft-bristled brush or soft cloth to remove
biofouling. Gently scrub the logger body with a
plastic bristle brush or nylon dish scrubber. Use
Alconox® to remove grease. Soak in vinegar to
remove mineral deposits and then rinse with
deionized (DI) water.
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Part Number(s)

Product Name

Wetted Materials

Cleaning Guidelines

UA-001-08, UA-001-64,
UA-002-08, UA-002-64,
UA-003-64

HOBO Pendant® Data
Logger

Polypropylene, 18-8
stainless steel, Buna-N

Completely submersible. Clean with isopropyl
alcohol or warm soapy water.

UTBI-001, TBI32-05+37,
TBI32-20+50, TBIB-40+75 IS,
TBXT08-20+70

TidbiT v2 Water
Temperature and StowAway
TidbiT Temperature Data
Loggers

Epoxy, Mylar®

Completely submersible. Clean with warm soapy
water.

WTA-08, WTA-32

Optic Stowaway Temp

Polycarbonate

Completely submersible. Clean with isopropyl
alcohol or warm soapy water.

H08-030-08, H08-031-08,
H08-008-04

HOBO H08 Temp Loggers
and Outdoor 4-Channel
External

PVC

Briefly submersible for cleaning only. Clean logger
with isopropyl alcohol or warm soapy water. Clean
sensor probe and cable with warm soapy water.

S-SMC-M005, S-SMD-M005

EC-5 and 10HS Soil Moisture
Smart Sensors

PVC, polycarbonate,
fiberglass, EPDM

Briefly submersible for cleaning only. Clean sensor
probe and cable with warm soapy water.
To protect the sensor electronics, do not fully
submerge in water for an extended period of
time.

S-TMA-M002, S-TMA-M006,
S-TMA-M017, S-TMB-M002,
S-TMB-M006

8-Bit and 12-Bit
Temperature Smart Sensors

TMC1-HD, TMC20-HD,
TMC50-HD, TMC6-HD

Air/Water/Soil Temperature
Sensors

PVD, stainless steel
316 or 304, polyolefin

Briefly submersible for cleaning only. Clean sensor
probe and cable with warm soapy water. The
sensor probe and cable can be submerged in
water, but the connector end is not intended for
prolonged exposure.

TMC6-HC

Stainless Steel Temperature
Probe

PVD, stainless steel
316 or 304, polyolefin

Briefly submersible for cleaning only. Clean sensor
probe and cable with warm soapy water.

TMC6-HE

Temperature Sensor

PVD, stainless steel
316 or 304, polyolefin

Briefly submersible for cleaning only. Clean sensor
probe and cable with warm soapy water.

W-TMB

HOBOnode Temperature
Wireless Sensor

PVC, polycarbonate,
EPDM

Briefly submersible for cleaning only. Clean node
housing, sensor probe, and cable with warm soapy
water.

PVC, polycarbonate,
EPDM

Briefly submersible for cleaning only. Clean sensor
probe and cable with warm soapy water.
To protect the sensor electronics, do not fully
submerge in water for an extended period of
time.

To protect the node electronics, do not fully
submerge in water for an extended period of
time.
W-SMC

HOBOnode Soil Moisture
Wireless Sensor

PVC, polycarbonate,
fiberglass, EPDM

Briefly submersible for cleaning only. Clean node
housing, sensor probe, and cable with warm soapy
water.
To protect the node electronics, do not fully
submerge in water for an extended period of
time.

1-800-LOGGERS (564-4377) • 508-759-9500
www.onsetcomp.com • loggerhelp@onsetcomp.com

© 2012–2014 Onset Computer Corporation. All rights reserved. Onset, HOBO, and
Pendant are trademarks or registered trademarks of Onset Computer Corporation. All
other trademarks are the property of their respective companies.
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1. Purpose
The purpose of this paper is to document and standardize procedures for collecting, processing and
archiving continuous water level data collected in the National Park Service Northeast Coastal and
Barrier Network (NCBN) tidal wetlands and coastal areas. The procedures in this document pertain
to data collection with the Onset HOBO® water level data loggers (Figure 1), and data processing and
archiving with Onset’s HOBOware Pro and Aquatic Informatics’ Aquarius 1 software.

Figure 1. HOBO® U20 Water Level Data Logger. Photo from OnsetComp.com.

1

Aquatic Informatics uses all capital letters to refer to their AQUARIUS software; this document capitalizes only
the first letter (Aquarius).

1

2. Scope and Applicability
This document applies to the management of water level data collected using continuous data
loggers. The NCBN currently uses HOBO® data loggers produced by Onset, so portions of this
document will focus on using the HOBOware Pro software package to format the data from the
loggers, to adjust the pressure readings to compensate for atmospheric pressure, and to calculate
water depth values.
Much of the remaining content focuses on the use of Aquatic Informatics’ Aquarius software
package for performing quality control actions, creating derived data sets, creating reports, and
archiving continuous water level data. To use Aquarius, users will have to establish an account and
request an application shortcut (see Section 4.4.1).
The following data parameters will be archived in Aquarius (Table 1):
Table 1. Data parameters that will be archived in Aquarius
Parameter

Data Source

Date and Time

HOBO® Water Level Logger

Absolute Pressure

HOBO® Water Level Logger

Water Temperature

HOBO® Water Level Logger

Atmospheric Pressure

Atmospheric Logger (HOBO® Water Level Logger deployed in air)

Water Depth (from pressure)

Calculated in HOBOware Pro

Water Level Relative to Marsh Surface

Calculated in Aquarius

NAVD88 Water Levels

Calculated in Aquarius
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3. General Considerations
This section of the document details the procedures and considerations pertaining to pre-deployment
and deployment of the HOBO® data loggers, as well as how raw data collected from loggers will be
handled and managed post-deployment.
3.1 Pre-deployment considerations
3.1.1 HOBO® water level data logger models

The Onset HOBO® water level data logger comes in several models. The HOBO® U20L series has a
polypropylene housing, is significantly less expensive, and has a slightly lower accuracy
specification than the U20 series, which comes with either a stainless steel or titanium housing. The
polypropylene and titanium housings are approved for salt water use, while the stainless steel
housing is recommended for fresh water only.
Both the U20 and U20L series have several models designed to operate in different depth ranges. For
most wetland environments, the sensor with a depth range of 0-4 meters (0-13 ft) is appropriate. For
deployments in areas with deeper water, sensors with depth ranges of 0-9 m (0-30 ft) and 0-31m (0100 ft) are available.
3.1.2 Cleaning

The HOBO® U20 water level data logger can be cleaned with 10% bleach solution, isopropyl
alcohol, or warm soapy water (Onset Product Cleaning Reference Guide). Pipe cleaners and/or
syringe can be used to flush out fouling or debris from the pressure port.
3.1.3 Logger testing

Onset recommends testing their data loggers annually to insure that they are operating within
specifications. Yearly testing by the manufacturer is expensive and may not be necessary, since these
devices have a legacy of stability and reliability. A less expensive and more convenient method to
test the general functionality of a water level logger is referred to as a bucket test (Figure 2). In this
procedure, the water level logger is deployed in a bucket or similar container of water. After an
equilibration period of approximately ten minutes, a manual water level reference measurement is
made (e.g. distance between the water surface and top of bucket). After removing some of the water,
a second reference level measurement is made. Data recorded on the logger are then compared to the
reference measurements.
3.1.4 Duration of deployment and sampling interval

The data memory capacity of HOBO® data loggers is 64Kb, which is equivalent to approximately
21,700 samples. This is equivalent to 7.5 months (225 days) of data storage capacity at a 15-minute
data collection interval, or 3 months (90 days) of data storage at a 6-minute collection interval. Once
the data logger’s memory is full, it stops collecting data. Data must be downloaded and the logger’s
memory cleared in order to resume data collection. The typical data collection interval for a National
Oceanic and Atmospheric Administration (NOAA) tide station is 6 minutes. For NCBN’s salt marsh
monitoring, a typical collection interval is 15 minutes.
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Figure 2. Bucket test procedure for testing water level data logger.
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3.1.5 Atmospheric pressure

HOBO® water level loggers are sealed (non-vented), so they will record changes in pressure due to a
combination of atmospheric and water level changes. To determine water depth, changes due to
atmospheric pressure must be removed from the absolute pressure readings collected by the HOBO®
logger.
Atmospheric pressure data can be collected by a separate air-deployed HOBO® data logger, or by a
nearby meteorological station. A dedicated on-site HOBO® logger is preferred and recommended.
Onset recommends that the barometric readings be collected within a 10-mile radius of the water
level logger (Onset HOBO® U20 Logger Manual).
3.2 Deployment considerations
3.2.1 Site location

Site selection will be primarily driven by project objectives and what type of water body is being
monitored. Water level data loggers can be deployed in wells that are set into a marsh surface, in
tidal creeks, or in larger water bodies. Site selection factors to consider include accessibility,
presence of a stable mounting structure, local water level regime, and probability of vandalism.
3.2.2 Mounting options

HOBO® sensors should be mounted low enough in the water to insure that they remain submerged
during all tidal conditions. In open-water deployments with significant wave action, the water level
loggers should be suspended inside a solid 2” PVC pipe with vented sections on the bottom and top
to allow water and air into the pipe. Vents can be created with sections of slotted PVC or by drilling
¼” holes in top and bottom sections of the pipe. The PVC pipe acts as a stilling well to dampen the
effects of chop and waves on the water level inside the pipe. The stilling well should be securely
mounted to a stable structure, post, or piling, where the logger will remain submerged. If no structure
is available, the logger could be anchored to the bottom inside a protective PVC tube. For year-round
deployments in areas where surface ice formation is expected, the water logger should be mounted
deeply enough to be below the ice, and the stilling well should be designed and secured to withstand
the forces of ice formation and break-up.
Barometric loggers should be mounted on the north side (or otherwise shaded portion) of a post or
structure to minimize heating and cooling fluctuations caused by varying sun exposure. Dramatic
temperature fluctuations can affect pressure readings. Barometric loggers should be enclosed in a
short section of PVC pipe to provide some protection from vandalism and changing environmental
conditions.
See Appendix C. Water Level Logger Installation Guide for detailed data logger installation
instructions in marsh and tidal creek settings.
3.2.3 Reference point(s)

A water level logger should have at least one vertically stable reference point. Reference pints serve
several important functions. First, a vertically stable reference point allows one to monitor the
stability of sensor and housing at a given site. Second, it allows water levels to be related to the
7

elevations of nearby terrestrial features. Finally, it provides an effective way to monitor sensor drift
during a deployment. The reference point could be an existing geodetic benchmark, a newly installed
benchmark, or the top of a vertically stable well casing.
To monitor sensor drift in a well-deployed logger, a water level meter (cable with sensor) or a
dipstick can be used to physically measure the distance from the top of the well casing or connection
point to the water surface (see Figure 3). The water level determined by this measurement is then
compared to the water level collected by the data logger. If the logger is mounted in a tidal creek or
open water, an associated staff gauge or designated leveling point with a known and stable vertical
offset from the sensor should be used for the reference measurements. A minimum of two reference
measurements per deployment is recommended: one at the time of deployment and another at the end
of the data series, just prior to downloading data from the logger. Supplementary reference
measurements during the deployment provide additional quality control. Exact times of reference
measurements must be recorded in order to associate them with the correct data logger readings. If
readings are within logger specifications 2, the logger is considered to be calibrated and functioning
properly. If there is a significant difference between the water level reference measurement(s) and
the data logger reading(s), the logger should be sent to the manufacturer for laboratory testing and recalibration.
There are various methods of determining the vertical relationship between the reference point and
the data logger. Traditional surveying techniques involving the use of a benchmark with known
vertical coordinates, total station, and digital leveling rod will yield the most precise and accurate
results, but require a high level of technical ability and equipment. Several GPS-based methods
including static occupations, real time kinematic (RTK) or post-processed kinematic (PPK)
techniques provide more practical, though less accurate, solutions. GPS-based methods can be
expected to yield an absolute vertical accuracy on the order of 1–2 cm. The methods used should be
chosen based on project objectives, specifications and parameters.

2

See Appendix 1. Reference Resources for a link to the specifications of the HOBO® U20 and U20L water level
loggers

8

Figure 3. Well diagram showing CP to water distance, or reference measurement.
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4. Data Processing
4.1 Electronic file naming standards
File naming should adhere primarily to the guidelines in the following document:
NCBN_20120525_Skidds_FileNamingStandards_SOP_Draft.pdf. Additionally, the file name should
include both a deployment start date and end date, instead of the single date recommended in the
above document.
4.1.1 Raw HOBO® data files

HOBO® data logger file names should start with the park unit code, followed by the deployment start
and end dates, author, location name (or code), and data type code (WL for water level data and
BARO for barometric data). File names should contain no spaces, but use underscores to separate
file name components:
Four-letter PARK CODE + StartDate (yyyymmdd) + End Date (yyyymmdd) +Author + Location
Name (or Code) + Data Type.
Example for raw water level data collected by J. Lynch at in Fire Island National Seashore at
Hospital Point:
FIIS_20130501_20130931_Lynch_HP_WL.hobo
Example for raw air-deployed barometric data collected by J. Lynch:
FIIS_20130501_20130931_Lynch_WH_BARO.hobo
If one barometric (air-deployed) file is used for multiple sites within a park, the location
descriptor may not be necessary, as in the example below:
FIIS_20130501_20130931_Lynch_BARO.hobo
4.1.2 Processed HOBO® data files

Filenames for logger files that are processed in HOBOware Pro to apply atmospheric correction, and
exported as a comma separated value (csv) file (described below) should maintain the same base file
name as the original HOBO® file (as described above in Section 4.1.1):
Example for Hospital Point water level data collected by J. Lynch, after applying atmospheric
correction:
FIIS_20130501_20130931_Lynch_WatchHill_WL.csv
4.2 Downloading and storing logger data
Data should be downloaded from the water level loggers, stored on HOBO® shuttles or field
computers and copied to the NCBN file server upon returning to the office. Data download from the
HOBO® data logger requires a HOBO® shuttle, coupler and USB cable that provides a connection to
a computer (see Appendix B. HOBO® Quickstart Guide). The raw data files for each field site and
retrieval date should be copied to the appropriate project folder on the NCBN file server upon
returning to the office.
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4.3 Initial Logger Configuration and Data Processing with HOBOware
Data created by the HOBO® data loggers are in a proprietary format with a *.hobo file extension. The
ultimate goal is to transfer these data to the Aquarius data management software, but Aquarius does
not recognize the HOBO® proprietary software format. Therefore, data acquired from a data logger
must first be opened in HOBOware, Onset’s proprietary software. After any processing and data
correction, the data should be exported as a csv text file, a format recognized by Aquarius.
HOBOware must be installed for users intending to work with raw data acquired from the HOBO®
data loggers. In order to process the absolute pressure reading to adjust for atmospheric pressure,
Onset’s Barometric Compensation Assistant software add-on must be installed, which requires a
fully licensed version of HOBOware Pro.
4.3.1 Configure the HOBO® data logger (Adapted from HOBOware User’s Guide)

To configure a HOBO® data logger for deployment, perform the following basic steps (see Appendix
B. HOBO® Quickstart Guide for more detailed instructions):
1. Connect the logger to the computer for the initial setup, and open HOBOware Pro. Select
the units in which the data are to be collected (US or SI (international)) from the main menu
bar.
2. Establish export settings. In the main HOBOware Pro window, click File/Preferences to
open the Preferences window. Under the General section, click the gray triangle next to
Export Settings to expand this section.
x

Leave the box next to Separate date and time into two columns unchecked.

x

Select Time format: 24-hr.

The export settings window should look like Figure 4:

Figure 4. HOBOware Pro Export Settings.
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3. Click OK to close the Preferences window.
4. Launch the logger. In the Launch Logger window, select or verify the appropriate
parameters for the logger deployment, including:
x

Battery State

x

Logging Interval

x

Logging Start Time

After the parameters are set, launch (start) the logger by clicking the Delayed Start button.
5. Check the status of the logger. You have the option of checking the current status of the
logger and any current readings while it is still connected to the computer. This can be
helpful to verify that the launch configuration is as expected and to check the battery status
(also available in Launch Logger window).
4.3.2 Open data file with HOBOware Pro

Launch the HOBOware Pro software and open the desired *.hobo data file by clicking File/Open
Datafile(s). Even if you only intend to export data to another format, you must plot the data first.
After opening a data file, HOBOware will prompt the user to setup plot parameters for the logger
data (Figure 5). The view will vary depending on the data parameters that were collected. Make sure
that the units are correct, and that Offset from GMT time zone is correct. You may also click the None
option under Select Internal Logger Events to Plot.

Figure 5. HOBOware Pro plot setup.
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4.3.2.1 Time zone considerations
It is important that the atmospheric logger and water level logger are both set to the same time zone,
so that the corresponding water and atmospheric readings have matching time stamps and can be
processed correctly with the Barometric Compensation Assistant. GMT -5 corresponds to Eastern
Standard Time (EST), and GMT -4 corresponds to Eastern Daylight Time (EDT). HOBOware allows
you to manually manipulate the time zone at this step. If the data were collected in GMT -4, change
the setting in the Plot Setup window to GMT -5 (EST). This will change the time values. It is
important to process all the files with the same time zone because data from different deployments at
the same site will later be appended into a single data set in Aquarius, and the time zone should be
consistent within this Aquarius dataset.
4.3.3 Perform barometric compensation (Taken largely from Onset’s Barometric Compensation

Assistant User’s Guide)
If the Barometric Compensation Assistant does not appear in the Data Assistants section at the
bottom of the Plot Setup Form, click Manage, check the box next to Barometric Compensation
Assistant and click OK (Figure 6).

Figure 6. HOBOware Pro Data Assistants page.

Back in the Data Assistant section at the bottom of the Plot Setup window (Figure 5), click
“Process…” which will open the Barometric Compensation dialogue box (Figure 7).
Choose the appropriate fluid density (Salt Water, Brackish Water, etc.) or enter a specific constant
value. If you are unsure which fluid density to choose, you can use a refractometer to measure water
salinity (or a hydrometer to measure the specific gravity). Online conversion tables and calculators
(e.g. http://www.csgnetwork.com/h2odenscalc.html) can be used to convert salinity readings (or
specific gravity) to density values.
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Figure 7. HOBOware Pro Barometric Compensation dialogue box.

To enter a reference water level, check the Use a Reference Water Level box, enter the water level,
and indicate whether it is in feet or meters. The reference water level is the measured distance
between the current water level and a local reference point such as a well cap, staff gauge, or other
vertically stable reference point (Figure 3).
x

Enter the reference water level as a positive number if it is measured upward from a reference
point below the water surface.

x

Enter the reference water level as a negative number if it is measured downward from a
reference point above the water surface, such as a well cap.

Then, from the Reference Time drop-down menu, select the logged time and value that is closest to
the time when you measured the water level. When selecting a logged value and time to link to the
reference level, make sure the logger readings have stabilized. When a logger is first deployed in
water, it takes about ten minutes for its temperature to reach equilibrium. You will get the best
accuracy if you link your reference reading to a stabilized logger reading.
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When using a reference water level, the resulting data series will contain water level values relative
to this reference level. If you do not use a reference water level, the resulting data series will contain
values for absolute sensor depth.
Click Use Barometric Datafile and navigate to the appropriate atmospheric logger file. The default
Resultant Series Name is Sensor Depth. You have the option of changing this output name and
adding descriptive notes in the User Notes box. Click Create New Series. This will take you back to
the Plot Setup window where you will see the added series, named Sensor Depth. Click Plot when
finished. The resulting screen will display the data in tabular and graphical views (Figure 8).

Figure 8. HOBOware Pro data plot.

Double-check that the units are correct. Various projects will use different units for the same
parameter based on the needs of that project. Make sure that the required units are documented and
that you check the units imported from the logger before exporting them.
4.3.4 Export data

Prior to exporting data, make sure that the HOBOware General Preferences are configured as shown
in Section 4.3.1 (see Figure 4).
There are several options for export settings, and they can affect subsequent processing, especially as
related to Aquarius import configuration files and Hot Folders (see Section 4.4.4). The red boxes in
Figure 4 highlight the key areas on which to focus, and illustrate the recommended format, including:
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x

Header information

x

Export Date and Time as separate columns

x

Format date as Year/Month/Day

x

Format time as 24Hour

Next, format the Display Settings. From the list on the left sidebar select Display, click on the gray
arrow next to Date/Time (Figure 9) to expand that section. Once display preferences are established,
click OK to close the Preferences window.

Figure 9. HOBOware Pro Date/Time Display Preferences.

Then select File/Export Table Data from the main menu bar and the Export window will open
(Figure 10).
Click Export, navigate to the destination folder and name the file, using the naming convention
described in Section 4.1. After these default settings have been established, they should be
maintained by the software. Adjustments may be necessary following software updates.
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Figure 10. HOBOware Pro Export window.

4.4 Using Aquarius software to process and archive water level data
Much of the material in this section on Aquarius is either taken directly, or modified slightly, from a
document created by Dean Tucker called Introduction_Aquarius_3_Springboard.pdf. Dean’s
document was written for Version 3.0, Release 5 of Aquarius Springboard. Note that significant
changes to Aquarius are expected with the next release; NPS implementation of the new release is
anticipated to occur during the first half of 2017.
Aquarius is a software package produced by Aquatic Informatics and designed specifically for
managing and analyzing continuously acquired water monitoring data. Water level data collected
with HOBO® loggers is commonly imported into Aquarius for analysis and archiving. Aquarius is
expensive to purchase, costly to maintain and requires significant computer resources to run.
Therefore, the software is managed by the NPS at the national level in Ft. Collins, CO and access is
provided by the Natural Resource Stewardship and Science program.
4.4.1 Setting up Aquarius

To use Aquarius software, you need to request access by contacting Dean Tucker
(dean_tucker@nps.gov), Natural Resource Specialist with the NPS Water Resources Division in Ft.
Collins, CO. He will establish access for users who request it and forward some basic instructions.
One of the things you will receive is the Aquarius Assistant shortcut that allows access to the
Aquarius software. Dean has also created a number of helpful videos and documents for new
Aquarius users that can be found at the following URL:
http://nrdata.nps.gov/Programs/Water/Aquarius/AquariusVideos.htm. Users are strongly advised to
watch these videos and browse the resource available before using Aquarius.
After receiving the Aquarius Assistant remote desktop connection shortcut file (AQAssistant.rdp)
from Dean and saving it to your local computer, double-click the shortcut (Figure 11).
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Figure 11. Desktop shortcut to access Aquarius.

You will probably get a warning saying that the publisher of the RemoteApp can’t be identified
(Figure 12). Click Connect in this warning window and you will be prompted to enter your NPS
Smart Card PIN to access the Aquarius GETT1 server (Figure 13).

Figure 12. RemoteApp warning window.

Figure 13. Smart card PIN prompt.
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Upon entering the correct password you will gain access to the server running Aquarius (Figure 14).

Figure 2. Initial access screen to Aquarius computer.

Once you click OK, that screen will close and return you to your desktop. A new Aquarius icon
should now be visible in the system tray at the bottom right hand side of your screen (Figure 15).

Figure 3. System tray showing the Aquarius icon.

Right-click on the Aquarius icon in the system tray, and then select Launch Springboard from the
resulting pop-up menu. The screen you see should look like Figure 16. The Server box should indicate
“localhost.”
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Figure 4. Aquarius server selection window.

Click OK. You will then be prompted to log into Aquarius Springboard (Figure 17). Type your NPS
Active Directory user name and password and click Login.

Figure 5. Aquarius login window.
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It takes a few moments, but when the next screen appears and fully refreshes, you will be presented
with the main screen for the Springboard application. A list of organizations will appear along the
left sidebar, consisting of parks and program offices (e.g. I&M Networks) (Figure 18).

Figure 6. Main Aquarius Springboard window.

Selecting an organization’s folder will display the associated locations to the right in the main panel
of the form. NCBN users can establish locations directly in the Northeast Coastal and Barrier
Network organization folder or create subfolders for specific projects. Each of these projects can
have specific locations associated with them. Note that Aquarius only permits one tier of subfolders
within the organization folder. For example, we have created a subfolder in the Northeast and
Coastal Barrier Network organization folder called SET_Water_Level_Data, but Aquarius will not
permit subfolders within the SET_Water_Level_Data folder, as illustrated below:
Northeast and Coastal Barrier Network/SET_Water_Level_Data/No additional subfolders allowed
4.4.2 Creating Aquarius “locations”

Prior to importing any data to Aquarius, users must create a “Location.” An Aquarius Location can
be thought of as a folder, or container, for site-specific data. In our case, a typical Aquarius Location
would be established to ingest data from a particular HOBO® logger site at a particular park. To
create a new location, either right-click the project folder and select New Location, or click on the
Location Manager icon found in the top menu bar (outlined in red in Figure 19). If the project folder
already contains locations, make sure none are selected before you click the Location Manager icon.
If an existing location is selected and you open the Location Manager, the information for the
selected location will be presented, not the blank form to create a new location.

Figure 19. Aquarius Springboard menu bar.
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The Location Manager enables users to control information about the monitoring site as well as
manage data associated with the site (Figure 20). Establishing the site requires users to enter a
Location Identifier and Name. These fields are highlighted in red on the form, indicating that they are
required. The Identifier will later be used by Aquarius to form part of the Data Set ID. The format of
the Location Identifier should begin with the location’s four-character park code, followed by an
underscore, site code, underscore and data type (e.g. “FIIS_WH_WaterLevel”). Users also have to
choose the type of monitoring site from a large selection list (e.g. estuary, ocean, river, perennial
streams, etc.), depending on the specific project. For coastal salt marshes, choose Wetland EstuarineEmergent. Defining the site type determines what additional fields appear on the form.

Figure 7. Incomplete Aquarius Springboard Location Manager window.

Users should complete as many of the remaining fields as possible, including Description Latitude,
Longitude and Time Zone. NPS-specific fields are available under the Additional Attribute section of
the form. To the left of the Additional Attribute section, there is also the option to upload a photo of
the monitoring site. The photo will appear in the box in the upper left area of the form. While not
mandatory, users should enter as much of this information as possible. The completed form should
resemble Figure 21.
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Figure 8. Completed Aquarius Springboard Location Manager window.

4.4.3 Appending data

In Aquarius terminology, the term “append data” can be thought of as “import data” into an Aquarius
Location. In our case, we will be “appending” HOBO® csv data files into Aquarius Locations. To
begin, select a monitoring location from the list of locations, and a number of the icons on the top of
the form will become active. To append data, click on the folder icon, outlined in red below (Figure
22), or right-click a location and select “Append Logger File” from the drop-down menu.

Figure 9. Aquarius Springboard location list.
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This will open the Append Logger File Wizard. If you don’t see the window, check behind other
windows since it doesn’t always open on top. Select the logger file that you want to import (.csv file
that was exported from HOBOware Pro) by clicking on the button on the right side of the Logger
File box (Figure 23, Step 1A) and navigating to the file location.

Figure 10. Aquarius Springboard Append Logger File Wizard.

Once a .csv file is selected you will need to either select an existing configuration file or configure
the data upload settings. If you select an existing configuration file, it will appear in the Config File:
(Optional) box. Click Load File to continue to Step 2.
If you don’t already have a configuration file, you will have to manually configure the data upload
settings. The following steps will walk you through the configuration wizard:
Step 1: Define the configuration settings
If this is the first time you are appending data, then you will need to establish the configuration
settings. Click the Config Settings button (Figure 23), which will open the “Step 1 of 4” window of
the Import From File Wizard (Figure 24). First, you must indicate the data type. The default setting is
Time Series with a data type of Text File. These settings will work for almost all of the data we will
be using, so there is no need to change these. Click the Next button.
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Figure 11. Aquarius Springboard Append Data: select file type.

Step 2: Define the configuration settings for the data table
Determine where the data values begin in the file and how many header rows you want to include by
adjusting the values in the two fields circled in red in Figure 25. If your HOBO® export settings are
the same as those shown in Figure 4, you should start import at row 3 and have 2 headers (Figure
25). Changing these values will adjust how the data are viewed in the window and which data will be
imported.
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Figure 12. Aquarius Springboard Append Data: define first data row.

Step 3: Define the configuration for each data field
For a HOBO® file that has been atmospherically compensated, as described in Section 4.3.3, there
should be five relevant parameter fields to configure and append (import):
1. Date/Time
2. Abs Pres (absolute pressure)
3. Temp (water temperature)
4. Abs Pres Barom (barometric pressure)
5. Sensor Depth (calculated during atmospheric correction)
This assumes the HOBO® file was exported with the same settings shown in Figure 4.
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Highlight the field you want to configure by clicking on the header at the top of a column. Using the
radio buttons, users can choose to define the selected column as a Date/Time field, as Raw Data, or
Skip importing that data field (Figure 26). The first column (#) can be skipped.
For the second column, click the browse icon ( ) next to the Date/Time Format box and select the
yyyy-mm-dd HH:MM:SS format from the resulting drop-down menu (Figure 26). If the date/time
field in your data set is formatted differently, and there is not an exact match between your data
format and the options in the drop-down menu, you can create a custom format to match your data by
typing the desired format in the Date/Time Format box. Finally, verify that your time zone is correct.
For NCBN, use UTC-5:00 (Eastern Standard time zone).

Figure 13. Aquarius Springboard Append Data: select the Date/Time format.

28

Figure 14. Aquarius Springboard Append Data: Date/Time format selection results.

When formatting non-date fields for all data parameters, make sure that the radio button on the left,
next to Data, is selected and that the type of data is Raw. These should be the default settings when
selecting a new field (Figure 28).
The first data field should be Absolute Pressure. Select a parameter for the data field by either
clicking the black triangle ( ) on the right side of the Parameter box and selecting a pre-existing
entry from the resulting drop-down list, or by clicking the button to the right of the black triangle,
and selecting the correct parameter. After the parameter is selected, make sure that the Units and Gap
Tolerance fields are filled in correctly.

Figure 15. Aquarius Springboard Append Data: absolute pressure format.
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The Gap Tolerance should be set one minute larger than the data collection interval. For example,
for a data set with a 15-minute collection interval, enter 16; for a 6-minute interval, enter 7, etc. The
Gap Tolerance defines how much time can elapse between consecutive measurements before
Aquarius will identify a “gap” in the time series. You could define the gap tolerance to the exact data
collection interval, but if your clock is off by even a second, the software will insert a gap marker. It
is better to set the gap tolerance one minute higher so these isolated occurrences will not be
considered a ‘gap’ in the data. For additional information on the complexities of Gap Tolerance,
refer to Dean Tucker’s Aquarius Frequently Asked Questions.
The Label field allows the user to enter an additional descriptor for that data field. Note that the
values for the Parameter and Label fields, plus the Location Name, will be concatenated to form the
Data Set ID. For this reason, it is a good idea to use the Label field for a specific modifier and not
use a term that will be redundant with the Parameter field. Units of measure are suggested for the
Label value. For example, for the Absolute Pressure parameter, insert kPa in the Label field.
The Absolute Pressure column should be formatted as shown in Figure 28. Continue to define
columns 4 through 6 (Temperature, Absolute Barometric Pressure, and Sensor Depth) as shown for
the Absolute Pressure column. Suggested settings for these columns are shown below in Table 2.
Table 2. Parameters for Aquarius configuration file.
Column

Parameter

Units

Gap Tolerance

Label

Int. Type

3

Abs Pressure

kPa

16 [or logging interval + 1]

kPa

1 - Inst. Values

4

Water Temp

°C

16 [or logging interval + 1]

°C

1 - Inst. Values

5

Atmos Pres

kPa

16 [or logging interval + 1]

kPa

1 - Inst. Values

6

Depth

m

16 [or logging interval + 1]

meters

1 - Inst. Values

Once all the columns are defined, click the Next button at the bottom of the “Step 3 of 4” window.
This brings up the “Step 4 of 4” window (Figure 29). During the configuration process, users should
have established a gap tolerance, and should select the Apply Gap Processing Tolerance radio button.
Users are also given the option to save the configuration settings as a configuration file. The
configuration file can be used in the future to avoid having to go through the configuration setup
process again. This will save time when appending (importing) data files that have the exact same
configuration, whether you append the data using Aquarius’s Append to Logger tool or Hot Folders
(Section 4.4.4). The default name for the configuration file is the name of the input csv file with a
.cfg extension. Configuration files are parameter and format specific, so it is a good idea to include
parameters (such as data type and collection interval) in the configuration file name. In the examples
below, WL stands for water level and the logging interval is indicated by 06min or 15min. Click
Finish.
Config_HOBO_WL_06min.cfg
Config_HOBO_WL_15min.cfg
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Figure 29. Aquarius Springboard: complete the Append Data Wizard.

Step 4: Complete the append process
After completing the wizard, the data parameters selected for appending appear on the Append
Logger File form (Figure 30) 3. Users have the option to append (Create New Time Series or Append
to an Existing Time Series) or ignore data sets (Do Not Append), by selecting the appropriate option
from the drop down menu in the Append To column. If this is the first time to append data for this
particular location, choose “Create New Time Series”. Subsequent append operations for this
monitoring location would use “Append Logger File.” Click the Append button to complete the
append process.

3

If you selected an existing configuration file instead of using the Import from File Wizard, you will have to click
the Load File button before the data parameters appear on the Append Logger File form.
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Figure 16. Aquarius Append Logger File window.

Once the append process is complete, a confirmation message will appear (Figure 31) and the
Append History at the bottom of the form will be updated to reflect the append action that just took
place. If users realize a mistake occurred, they can choose to “undo” the append action for a specific
data set. Closing the Append form will return users to the main Springboard form.

Figure 17. Append confirmation message.

For plotting and analytical purposes, appended data sets can be accessed by selecting a location and
then clicking the big blue right-pointing “Go to Data Sets” arrow (Figure 32). General information
about data sets can be accessed via the Location Manager.
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Figure 18. Go to Data Sets button.

4.4.4 Hot Folders

Another means of appending data to existing data sets in Aquarius is to use Hot Folders. Hot Folders
are site-specific but once they are established, users can drag and drop data into the hot folder like a
user would copy data from one folder to another. Once Hot Folders are established, users can append
data to Aquarius data sets without ever starting Aquarius. For detailed written and video instructions
on setting up Hot Folders, see Dean Tucker’s file at
http://nrdata.nps.gov/programs/water/aquarius/Docs/Hot_Folders.pdf.
After the Hot Folder is created, the user will need to map the Hot Folder location as a network drive
using the following address: \\INP2300FCVGETT1\AQUARIUSHotFolders
Once the Hot Folder has been mapped, select and open the site-specific Hot Folder (which includes
an Aquarius icon).
After dragging the .csv file from the network drive to the Hot Folder, Aquarius will process it and the
file will automatically be moved from the root of the Hot Folder to either the “Succeeded” sub-folder
(indicating a successful append) or the “Failed” sub-folder (indicating a problem) (Figure 33). Once
the file has been processed, Aquarius produces a log file that documents what occurred during the
appending process. If the Hot Folder transfer failed, review the log file to try and determine the
reason for the failure.

Figure 19. Hot Folder processing results.

Note that appending data via Hot Folders only appends the data. Details about field visits are not
created. Users will need to log into Aquarius in order to document their field visits.
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4.4.5 Data correction

Examine your data for any obvious errors or anomalies such as data gaps, spikes or flat-lines. In
some cases, the cause of a data anomaly may be readily apparent, but in many cases substantial
professional experience and judgement are necessary to correctly interpret and/or appropriately
correct any perceived data anomalies. Erroneous data can have many causes, including equipment
damage or failure, low battery voltage, biofouling, or exceedance of sensor thresholds. Data can be
examined with a variety of tools in either graphic or tabular format, but the actual data-editing should
be done using the Aquarius Data Correction Toolbox. The toolbox offers a variety of tools for
correcting data, deleting data regions from analysis, setting data approval levels, undoing corrections,
etc. (Figure 34). Aquarius always preserves the original data, while allowing you to make corrections
(e.g., mark and delete data tails from analysis), and it documents all of the corrective actions that
have been applied to the data.

Figure 20. Aquarius Correction Control tools.

4.4.5.1 Trim pre- and post-deployment tails
The most obvious data anomalies that can and should be removed are the beginning and end “tails”
of data that are collected when the logger is out of the water, before and after a deployment period
(Figure 35). It is good practice to begin data logging before the logger is deployed in the field
location. It is also helpful to let the logger continue to log data for a short time after it has been
retrieved, post-deployment. These data tails that indicate periods of non-submersion are to be
expected and it would be unusual to see similar discrete anomalies at the beginning and end of a data
series that were caused by anything other than exposure to the air. These tails should be trimmed
from the data before analysis.
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Figure 21. HOBOware Pro plot showing pre- and post-submersion data tails.

To open the Aquarius Data Correction Toolbox, click on a data set to select it, and then either rightclick it and select Data Correction, or left-click on the Data Correction icon ( ).
The Data Correction tool (Figure 36) is a busy series of window panes that you can customize by
turning on and off, moving, and/or resizing. To summarize, you use the graph pane (#1) and/or Time
Series Grid pane (#2) on the right (default settings) to select the data to work with, or to view the
results of previous corrections. Corrections are applied using the Correction Control pane (#3) on the
left. You can see the changes in summary/list form at the bottom via the Change List pane (#4) and
its various tabs. If the screen does not appear as depicted below, choose View / Go to default layout
from the main menu and then click the first tab (Ch…) in pane #4 so it shows the Change List, rather
than the Overview.
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Figure 22. Components of the Aquarius Data Correction tool.

To trim a data tail, first select the appropriate block of data using the Mark Region tool ( Figure
37). You can select records either from the graph or the Time Series Grid by clicking the first record,
then shift-clicking the last record. The selected data records are highlighted in dark blue in the Time
Series Grid and in cyan in the graph (Figure 37).

Figure 23. Records selected with the Mark Region tool.
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Once you have the desired area selected/highlighted, use the Action combo box in the Correction
Control pane to select ‘Delete Region’ and then click the Apply button to actually apply the action
(Figure 38).

Figure 38. Applying the Delete Region correction.

Aquarius will display an ‘Apply Correction’ form (Figure 39) and allow you to attach a new
comment (or retrieve a saved one) to the correction. Enter ‘Sensor out of water’ in the Comment
area. Click OK to finalize the Delete Region correction.

Figure 39. Aquarius Apply Correction window.
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The Data Correction toolbox ‘deletes’ the data. Notice in the graph in Figure 40, the portion of the
time series that was ‘deleted’ appears as a green line since it is still part of the ‘Raw’ (original) data.
Aquarius doesn’t actually delete or change the original data. The corrected time series is the blue
line. In the Time Series Grid, notice that the raw/original data values are still all there and are in
green-shaded cells. The adjoining corrected column now shows the word ‘Empty’ next to raw data
that has been ‘deleted’. Note the information about the Delete Region operation that appears in the
Change List window at the bottom of the form. You can use the check box to toggle the deleted
region on or off to restore it to the corrected signal if desired. Aquarius only maintains the raw data
stream. It generates the corrected data stream on the fly by applying the user specified corrections.
There is currently not a way to apply corrections to multiple data sets (time series) simultaneously.
You will have to repeat the above tail-trimming correction process for each individual data set (e.g.
absolute pressure, water temperature, atmospheric pressure and water depth). The beginning and end
of data tails are not always obvious and well-defined. To insure that the exact same records are
trimmed from each data set, examine each data set and determine the record numbers (first column in
Time Series Grid) that define the tails. Use the same record numbers to define the regions to be
deleted for each data set. It is possible that a future version of Aquarius will permit simultaneous
corrections to multiple data sets.

Figure 24. Aquarius corrected data.
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4.4.5.2 Other types of anomalies
Similar data anomalies can also occur mid-deployment if the logger is exposed to the air (e.g. during
low tides) (Figure 41). Not all anomalies will require correction. Additional reference water level
measurements made during the deployment can help determine whether data anomalies indicate
actual rapid changes in water temperature or pressure, if they are due to the logger being exposed and
recording air temperature and pressure, or if they indicate a logger malfunction.

Figure 25. HOBOware Pro plot showing data anomalies (see red arrows) due to tidally induced
atmospheric exposure.

Figure 42 shows an example of data from an instrument that malfunctioned. This illustrates the
importance of a bucket test (Figure 2) to insure that the logger is functioning properly before
deployment.

Figure 26. HOBOware Pro plot showing data anomalies due to instrument malfunction.
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4.4.5.3 Sensor drift
All pressure sensors are subject to drift over time. Drift is a gradual change of the signal response to
an identical stress over time, and is quantifiable through manual reference measurements at the
beginning and end of deployments. For example, assume that the water level remains constant at 1.0
feet, and that the data logger records the water level once a day for 10 days, and that the recorded
water level after 10 days is 1.1 feet. The drift is 0.1 feet. Compensation for drift is accomplished by
prorating the differential between the recorded water level and the measured water over the
monitoring period. In this case, the water level would be adjusted by 0.01 feet per day to have a total
correction of 0.1 feet after 10 days.
If the reference level is at the beginning of the time series, then the maximum drift correction occurs
at the end of the data file. The time ratio should start at 0 and increase to 1. The time ratio is
calculated as:
= ݅ݐܽݎ

௨௧ ௧ି௦௧௧ ௧
ௗ ௧ି௦௧௧ ௧

where current time is the only variable. Start time and end time are constant values.

If the reference level is at the end of the time series, then the maximum drift correction occurs at the
beginning of the data file. The time ratio should start at 1 and decrease to 0. The time ratio is
calculated as:
= ݅ݐܽݎ

ௗ ௧ି௨௧ ௧
ௗ ௧ି௦௧௧ ௧

where current time is the only variable. Start time and end time are constant values.

In both cases, the drift correction is the time ratio (a number between 0 and 1) multiplied by the total
observed drift (the difference between the measured and recorded water level).
An example of drift correction is illustrated in Figure 43 and Figure 44. In these figures, the blue line
indicates the recorded water levels and the red dots indicate the manual reference measurements. The
beginning water level measurement on May 20 was used as the reference level for the dataset in
Figure 43, and anchors the data at the start of the file to that measurement. The calculated water level
measurement is off by nearly 0.2 feet by the end of the dataset.
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Figure 27. Graph of water level data before correcting for drift.

Figure 28. Graph of water level data after correcting for drift.
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In Figure 44, the blue line indicates the recorded water levels, the green line indicates the corrected
water levels, and the red dots indicate the manual reference measurements. The initial reference level
measurement acts as a hinge or pivot point. The measurement error and drift are prorated over the
monitoring period, forcing the final recorded data to match the water level measurement on July 20.
The Aquarius Correction Control pane contains two drift correction tools: the simple Drift
Correction tool and the Multi-Point Drift Correction tool (Figure 34). You should have at least two
reference measurements, one at the beginning and one at the end of a deployment period. Ideally,
additional reference measurements will be obtained during the deployment period. If you have two or
more reference measurements, choose the Multi-Point Drift Correction tool. A short video about
using the Multi-Point Drift Correction tool, provided by Evan Baddock, can be seen at
http://bit.ly/1Jejnix.
Select the block of data to which you wish to apply the drift correction, using the Mark Region tool (
Figure 37). The Multi-Point Drift Correction tool includes a Pivot Points table. The pivot point
table is initially populated with the Time/Date values for the first and last records of the selected data
block. If you have additional reference points, add them to this table using the Add Pivot Point button
( Figure 45). After selecting this icon, click in the graph at the approximate date/time that the field
reference measurement was made. A crosshairs icon will appear on the graph and a new record will
be added to the pivot points table. Edit the Date/Time value of the newly added point to match the
exact time the reference measurement was made. The Difference values must be populated manually,
and are determined by comparing the reference measurements to the logger readings with the
corresponding time stamps. Note that after the Difference values are populated, dotted lines appear
on the graph giving a preview of the pending data correction. After all pivot points are added to the
table and populated with difference values, check to see that the Snap to: Target Signal box is
checked and that Adjustment method is set to Linear and the Adjust Step is 0, as indicated in the red
box in the left of Figure 45. Click the Apply button.
The Aquarius Apply Correction form (Figure 39) will appear and allow you to add a new comment
(or retrieve a saved one) to the correction. The Comment box will contain the values from your pivot
point table. Type “Adjusted to reference measurements” in the Comment box. Click OK to finalize
the Multi-Point Drift Correction. The data values in the graph and Time Series Grid will be corrected
for the selected data block. The raw (original) values appear as a green line in the graph and in the
green highlighted Raw column in the Time Series Grid (Figure 46). Corrected values appear as a
black line in the graph, and in the Corrected column in the Time Series Grid.
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Figure 29. Aquarius multi-point drift correction tool.

Figure 30. Aquarius drift correction control results.
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4.4.6 Calculating marsh flooding events and tidal statistics

Two derivative products that we want to calculate from the atmospherically compensated water level
data are 1) marsh flooding events (frequency and depth) and 2) tidal statistics (e.g. mean high water
(MHW) and mean low water (MLW)). For years, this information has been calculated using a
Microsoft Excel spreadsheet. New custom reporting tools, recently developed by Aquatic Informatics
and Dean Tucker, allow us to calculate the tidal averages and flood events within Aquarius.
4.4.6.1 Calculate marsh flood events, depths and durations
If the elevation difference between the sensor and the marsh surface is known, depth and duration of
local marsh flooding events can be determined. To determine the sensor-to-marsh distance, two
measurements are needed:
1. The distance between the sensor connection point (CP) and the sensor
2. The distance between the CP and the marsh surface
Sensor to Marsh Distance = CP to Sensor – CP to Marsh
By subtracting the Sensor to Marsh Distance from the atmospherically compensated water level
measurements, we can derive the water level relative to the marsh surface for every reading collected
by the data logger. Negative values indicate water levels below the marsh surface and positive values
indicate water levels above the marsh surface, or flooding events (see Figure 47).

Figure 31. Well diagram showing sensor to marsh distance and flooding events.
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We can calculate these “water level relative to marsh surface” values in Aquarius by creating a
“calculated derived” time series data set. To do this, select the Location, then right-click it and select
the Location Manager icon ( ). The Location Manager is also available from the icon toolbar at the
top of the Aquarius window (Figure 48).

Figure 48. Two options for opening the Aquarius Location Manager.

In Location Manager, click the Data Sets tab (Figure 49). Next, click the New drop-down menu and
select the Time Series - Calculated Derived option.

Figure 49. Create new “calculated derived” data set.
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The Data Set Details window will open and have several boxes highlighted in red to indicate that
they are required fields (Figure 50). In the Calculation section, click the black triangle at the right of
the Input Time Series box and select the Depth.meters@... data set from the resulting drop-down
menu (Figure 50).

Figure 32. Select the input data set in Data Set Details window.

At the bottom of the Calculation section, in the Formula box, type:
y = x1 – [sensor-to-marsh distance]
The sensor-to-marsh distance is determined as described above. The value for x1 will come from the
Input Time Series (DepthFromWaterPressure…) that you selected in the previous step (this is the
atmospherically compensated water level data set). After entering the formula, you will see a
warning and a button to validate the formula. Click the Validate button (Figure 51).
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Figure 33. Validate the formula.

In the Data section, to the right of the Parameter box, click the navigation button (
) and type
“water level” in the search box. Select Water Level, and click OK (Figure 52). This will take you
back to the Data Set Details window; make sure the Units and Time Zone fields are correct in the
Data section.

Figure 34. Choose Water Level to set the parameter.

Next, in the General section at the top of the Data Set Details window, type “AboveMarsh” in the
Label box. Notice that as you type in the Label field, the Identifier field above reflects the changes.
This will result in an Identifier (Time Series ID) of WaterLevel.AboveMarsh@[LocationName].
Add optional text in the Description and Comment fields.
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Finally, in the Gaps section at the bottom of the Data Set Details window, enter a value one minute
higher than the data collection interval, as explained in Section 4.4.3 (Gap Tolerance).
The completed form should resemble Figure 53. After clicking Save or Save & Exit ( ), the
Statistics section at the bottom of the Data Set Details window will be populated automatically.

Figure 35. Completed form for creating a “calculated derived” data set that will be used to determine
marsh flooding events.

The newly created “calculated derived” data set now appears as an entry in the Time Series list
(Location Manager/Data Sets tab) with a multi-colored mathematical operations icon ( , see Figure
54). Statistics such as number of flood events, longest flood event and flood depth can now be
computed from the positive values (flooding events) in the calculated derived data set. This is
accomplished through the use of custom code (written by Aquatic Informatics and Dean Tucker)
using the Aquarius Reporting Tool (see Section 4.4.7).
48

Figure 36. Newly created “calculated derived” time series data set

It is important to note that the method for calculating marsh flooding events described above uses a
local field measurement for the marsh surface height, relative to the water level sensor. Two
limitations of this method are that 1) it characterizes the entire marsh surface elevation using a single
measurement at only one specific point on the marsh (well location), and 2) the water levels and
flooding events cannot be related to other nearby marshes without additional work.
A variation on this method employs the use of GPS data collection (or geodetic leveling) to obtain
NAVD88 (North American Vertical Datum of 1988) values for the sensor elevation and the marsh
surface elevation. This allows you to address the two limitations described in the previous paragraph.
First, by collecting marsh surface NAVD88 elevations at multiple locations around the sensor, you
gain the ability to average multiple elevation values, or perhaps select a single representative marsh
elevation value from a location slightly removed from the well, in order to better characterize the
marsh surface elevation. Local surface disturbance and compaction from well installation and site
visits can change the marsh surface elevation at the actual well site. Second, collecting NAVD88
values for sensor elevation and for marsh surface elevations allows you to record these values from
multiple sites on the same vertical datum. This allows a comparison of water levels and marsh
elevations from multiple sites on a common vertical datum.
4.4.6.2 Calculate tidal statistics
To calculate tidal statistics, create another “calculated derived” time series data set in Aquarius (like
in the previous section), and run a custom report. The report will calculate the mean high water
(MHW) and mean low water (MLW) for the logger deployment period. The MHW and MLW values
will be reported in NAVD88 values so they can be compared to other monitoring sites. Therefore, we
need to determine the NAVD88 elevation of the sensor.
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The NAVD88 elevation of the sensor is calculated by first using a GPS receiver (or geodetic
leveling) to determine the NAVD88 elevation of the sensor’s connection point (CP). The CP-tosensor distance is then subtracted from the CP’s NAVD88 elevation. This gives us the NAVD88
elevation of the sensor.
NAVD88 Sensor Elevation = NAVD88 CP Elevation – CP to Sensor Distance
Repeat the steps in the previous section to create a new “calculated derived” time series data set for
the sensor’s NAVD88 elevation. As in the previous section, select the Depth.meters@... data set as
the input, represented by x1 in the equation below:
y = x1 + [NAVD88 Sensor Elevation]
After entering the formula in the formula box of the Calculation section, click the Validate button.
In the Data section, to the right of the Parameter box, click the navigation button (
) and type
“water level” in the search box. Select WaterLevelNAVD88, and click OK (Figure 55). This will take
you back to the Data Set Details window; make sure the Units and Time Zone fields are correct.

Figure 37. Choose WaterLevelNAVD88 to set the parameter for calculating tidal statistics.

Note in the General section of the Data Set Details window, that the Identifier is
“WaterLevelNAVD88.” Aquarius requires a label field to further describe the data set. Since
NAVD88 is already included in the Identifier, type the name of the current geoidal model in the
Label box (e.g. “12B”). This will result in an Identifier (Time Series ID) of WaterLevelNAVD88.12B
@[LocationName].
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Finally, complete the Gaps section of the Data Set Details window, as described Section 4.4.3 (Gap
Tolerance). The completed Data Set Details window should look like Figure 56. After you Save or
Save & Exit ( ), the Statistics section at the bottom of the Data Set Details window will be
populated automatically.

Figure 38. Completed form for creating a “calculated derived” data set that will be used to compute tidal
statistics.

The newly created “calculated derived” data set now appears as an entry in the Time Series list
(Location Manager/Data Sets tab) with a multi-colored mathematical operations icon ( ), like the
WaterLevel.Above Marsh calculated derived dataset in Figure 54. Tidal statistics such as MHW and
MLW can now be computed from the NAVD88 water level values in this calculated derived data set.
This is accomplished through the use of custom code (written by Aquatic Informatics and Dean
Tucker) using the Aquarius Reporting Tool (see Section 4.4.7).
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4.4.7 Generating Custom Reports

Now that we have created the “calculated derived” data set for the water level relative to the marsh
surface (Section 4.4.6.1), we can generate a report on marsh flooding events. Similarly, our second
newly created “calculated derived” data set for NAVD88 water level values (Section 4.4.6.2) allows
us to compute the NAVD88 MHW and MLW values for the logger deployment period.
4.4.7.1 Generate Report on Marsh Flooding Statistics
To generate a report with marsh flooding statistics, select the Location, right-click it and select the
Go to Data Sets icon ( ). Select the calculated data set that was created in Section 4.4.6.1
(WaterLevel.AboveMarsh)@[Location]). Right-click this data set and select the Report Tool icon (
) to open the Reporting Toolbox window. The Go to Data Sets and Report Tool icons are also
available from the icon tool bar at the top of the window.
The Reporting Toolbox window should open, but it might be obscured behind existing windows. In
the Reporting Toolbox window, click the drop-down arrow in the Choose Template / Report box and
select NPS_NCBN_Tidal_Flood_Stats (Figure 57).

Figure 39. Select the Flood Sats Report in the Reporting Toolbox.

After the report is chosen, a new Time Series tab will appear in the Reporting Toolbox (Figure 58).
Make sure the Entire Range radio button is selected, and add a Name, Description or Comment if
desired.
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Figure 58. Set report parameters in Reporting Toolbox.

The values you put in the Name and Description fields will show up as the sub-title of the report. If
you don’t want to set the report Name, consider removing the default text of “[Untitled Report]”
since that is the default sub-title that will appear on the report (Figure 60). You can preview or
generate the report by clicking Preview or Run, respectively.
Finally, you can choose from numerous output formats, including PDF, several image formats, Excel
spreadsheet and text file (Figure 59).

Figure 59. Report format options.
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To generate the report click Run. The first page of the report will contain a graph of the water level
data, with Date/Time on the x axis and Water Level on the y axis (Figure 60). The zero value on the
y axis represents the marsh surface and is displayed as a horizontal red line in the graph. Data above
the red line indicate marsh flooding events and data below the red line indicate water levels below
the marsh surface. The report will also contain statistics and tabular data (Figure 61).

Figure 40. Title page and graph from the Aquarius NCBN Tidal Flood Stats Report.

Figure 41. Statistics and tabular data from the NCBN Marsh Flood Stats Report.
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4.4.7.2 Generate Report for Mean High and Mean Low Water
Generating a report for Mean High Water (MHW) and Mean Low Water (MLW) is similar to
generating the report in the previous section. Select the Location, right-click it and select the Go to
Data Sets icon ( ). Select the calculated data set that was created in Section 4.4.6.2
(WaterLevelNAVD88.12B@[Location]).
Right-click this data set and select the Report Tool icon (

) to open the Reporting Toolbox window.

The Reporting Toolbox window should open, but it might open behind existing windows. In the
Reporting Toolbox window, click the drop-down arrow in the Choose Template / Report box and
select NPS_NCBN_MHW_MLW_Tidal_Stats (Figure 62). Make sure the Entire Range radio button
is selected, and add a Name, Description or Comment if desired. These will show up as the sub-title
of the report (see Figure 60). If you don’t want to set the report Name, consider removing the default
text of “[Untitled Report]” since that is the default sub-title that will appear on the report. You can
preview or generate the report by clicking Preview or Run, respectively.

Figure 42. Select the Tidal Stats report in the Reporting Toolbox.

The first page of the report will contain a graph of the water level data, with Date/Time on the x axis
and Water Level on the y axis (Figure 63). The top of the second page will contain several tidal
statistics including MHW and MLW (Figure 64). The rest of the report shows all of the high waters
levels, low water levels and their corresponding times for the data set.
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Figure 43. Title page and graph from the Aquarius NCBN Tidal Stats Report.

Figure 44. Statistics and tabular data from the NCBN Tidal Stats Report.
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Appendix A. Reference Resources
x

x

x

HOBO-related Resources



HOBOware User’s Guide: http://www.onsetcomp.com/support/manuals/12730-MANBHW-UG



HOBOware Pro Barometric Compensation Assistant User’s Guide:
http://www.onsetcomp.com/files/manual_pdfs/Barometric-Compensation-AssistantUsers-Guide-10572.pdf



HOBO® U20 Water Level Logger Manual:
http://www.onsetcomp.com/files/manual_pdfs/12315-F-MAN-U20.pdf



Specifications for HOBO® U20 Water Level Loggers:
http://www.onsetcomp.com/files/datasheet/Onset%20HOBO%20U20%20Water%20Level%20Data%20Loggers.pdf



Specifications for HOBO® U20L Water Level Loggers:
http://www.onsetcomp.com/files/data-sheet/Onset-HOBO-U20L-Water-Level-DataLogger-Series.pdf

Aquarius-related Resources


A variety of informative documents and videos created by Dean Tucker for NPS employees
and affiliates that want to get started with Aquarius:
http://nrdata.nps.gov/Programs/Water/Aquarius/AquariusVideos.htm



Aquarius FAQs: http://nrdata.nps.gov/programs/water/Aquarius/Docs/Aquarius_FAQS.pdf

Miscellaneous



Northeast Coastal and Barrier Network Information Management Plan.
https://irma.nps.gov/App/Reference/Profile/2195239/
Includes:
Standard Operating Procedure (SOP) – Electronic File Naming Guidelines and
Standards
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Appendix B. HOBO® Quickstart Guide
(Modified from Gwen Gerber’s “Cheatsheet”)

I. Launching a HOBO® water level logger:
1. Attach black plastic coupler to the waterproof shuttle (Figure B 1).
2. Remove the black plastic endcap from HOBO® water logger. Insert the logger into the
coupler and attach the shuttle to a computer with the USB cable. Squeeze the black lever on
the coupler to activate the shuttle. The green “OK” light on the shuttle should come on,
indicating a proper connection.

Figure B 1. HOBO data logger and auxiliary components.

3. Make sure appropriate units are selected (US or SI (=metric)) on the main menu bar (Figure
B 2).

Figure B 2. Select appropriate units.
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4. Under the “Device” menu, select “Launch” (Figure B 3).

Figure B 3. Select Device/Launch.

5. Select device and hit “OK” (Figure B 4).

Figure B 4. Select and launch device.

6. The “Launch Logger” window will pop up (Figure B 5). Do the following:
a. Note the logger being launched on your field form.
b. Check battery state.
c. Set Logging Interval to appropriate interval (6 minutes is NOAA standard for tide
gauges; 15 minutes has been used with marsh monitoring) and notice under the “Logs
until” column how long the logger will record with the specified interval. Note that
with a 6-minute collection interval, the logger will be full in 90 days, and will stop
collecting data until the data are downloaded from the logger. To set a logging
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interval of 6 minutes, you will have to select the Custom option from the bottom of
the Logging Interval drop-down menu.
d. Start logging “At Interval” or “On Date/Time”, and write logging start time down on
field form. It is a common practice to start the loggers at a specified “future date” in
the office prior to heading to the field.
e. Hit enter, or click “Delayed Start.”

Figure B 5. Examine and fill out fields in Launch Logger window.

7. The Launching Logger status window will appear (Figure B 6).

Figure B 6. Launching Logger status window.

Make sure “Launch successful” shows up in the lower left hand corner of the screen.
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8. To confirm that the logger has been launched, you can go to the “Device” menu and select
“Status.” The status window will pop up and display information about the logger (Figure B
7).

Figure B 7. Device status window.

9. Remove the logger from the coupler and replace the logger’s end cap. The logger is ready to
be deployed.
10. Repeat Steps 1 - 6 for both the Air and Water HOBO® Loggers prior to transporting to the
site.
II. Downloading data from a HOBO® water level logger:
1. Attach black plastic coupler to the waterproof shuttle (Figure B 1).
2. Remove the black plastic endcap from HOBO® water logger. Insert the logger into the
coupler and attach the logger/coupler/shuttle assembly to a computer with the USB cable.
Squeeze the black lever on the coupler to activate the shuttle. The green “OK” light on the
shuttle should come on, indicating a proper connection.
3. Open HOBOware Pro software
4. Under the “Device” menu, select “Readout” (Figure B 8).
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Figure B 8. Select Device/Readout.

5. Select device and hit “OK” (Figure B 4).
6. Stop the logger (Figure B 9).

Figure B 9. Stop logger.

7. The Readout Logger status window will appear (Figure B 10).

Figure B 10. Readout Logger status window.

8. Save the file with the deployment start date and today’s date in the filename format shown
below, and write down file names on the appropriate field from. Once you enter “Save,” the
raw files will be saved.
FIIS_20130301_20130612_Lynch_WH_WL_RAW.hobo
FIIS_20130301_20130612_Lynch_WH_BARO_RAW.hobo
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9. The “Plot Setup” window will pop up (Figure B 11). Select “Cancel” to exit, or “Plot” to see
your data. If you choose cancel, you should see
on the lower
left side of the screen.

Figure B 11. Plot setup window.

10. Repeat Steps 1 - 6 for both the Air and Water HOBO® Loggers
11. Scan the field forms and save as PDF files with the appropriate filename format (below).
FIIS_20130301_20130612_Lynch_WH_FieldForm.pdf
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Appendix C. Water Level Logger Installation Guide
These instructions assume you are installing the water level sensor in a wetland or an adjacent tidal
creek.
Supplies needed:
1. Water level logger (deployed in the water) - Onset HOBO® water level loggers are nonvented and therefore record absolute pressure (sum of atmospheric and water pressure).
These loggers also record water temperature.
2. Barometric logger (deployed in the air) – This is the same instrument as a water level logger,
but deployed in air. It therefore does not record water pressure and only records atmospheric
pressure. These loggers also record air temperature.
3. 2” PVC pipe (housing for the sensor) - 2” PVC pipe (regular schedule 40 PVC or well pipe),
plus end caps and fittings. Well pipe has thin slits already cut into the pipe and are excellent
for water level recorders since the slits reduce wave action and are small enough to reduce
the amount of sediment that enters the pipe. Regular PVC pipe will also work very well.
4. Sensor cable (suspends sensor within the PVC housing) – It is important to use a material that
won’t stretch, kink or degrade over time. Heavy braided nylon line works very well.
5. 2” soil auger (used to drill a hole in the marsh or creek bottom).
6. Metal rods or wooden post (attachment structure for PVC pipe).
7. Stainless steel hose clamps (for attaching PVC pipe to metal rod or wooden post).
The water level sensor is suspended inside a PVC pipe in a wetland or tidal creek. The sensor hangs
in the pipe just far enough from the well bottom (~6-12 inches) to avoid being fouled by any
sediment that may accumulate inside. The barometric sensor is located on a post or tree far above the
wetland surface. It is also kept inside a PVC pipe for protection. The barometric sensor should NOT
go underwater at any time during the deployment. Since the loggers are sealed pressure transducers,
the water level data will have to be corrected to remove changes in atmospheric pressure. This is
accomplished post-deployment using the pressure data from the barometric logger and software from
the manufacturer.
Installing the well housing:
1. Well Pipe: Cut a piece of 2” PVC pipe to length (~3-4’) and install caps at each end with
PVC cement (use well pipe if possible). Make sure the top of the pipe has a cap which can
unscrew to allow for access.
2. Barometric Logger: Use a small piece of the same PVC pipe (~1 ft long) to make a protective
housing for the barometric logger. If possible, deploy the barometric logger in a location
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where temperature fluctuations are minimal. Consider mounting on the shaded north side of
a tree, post, bird nesting box (see below), or other suitable structure.
3. Spray paint both pipes with camouflage colors to make them blend in with the surroundings.
4. Drill 2 small holes (~1/8” diameter) about 1/2” apart near the removable screw cap on the
PVC housing. These holes are where the nylon line will attach to the PVC pipe. This is called
the “Connection Point,” or CP. The other end of this line attaches to the HOBO® data
logger. The water level logger hangs vertically inside the PVC pipe, suspended by the nylon
line from the CP. This allows one to easily remove the logger for servicing, and ensures that
the logger returns to the same vertical position when re-deployed in the pipe.

Figure C 1. Drilled holes and connection point (CP) in top of well casing.

Field installation:
1. In a Wetland: Drive a wooden post or stainless steel rod into the wetland where the sensor
will be located. Auger a hole next to this post for the PVC housing. Push the PVC housing
pipe into the hole you created. To minimize visibility, try to keep the top of the PVC pipe
close to the wetland surface (~3-5” above the surface). You may need to use a small
sledgehammer to knock it into the ground and secure it. To avoid damaging the well pipe,
place a board on top of the pipe and hammer the board. Attach the top of the PVC housing to
the post (or metal rod) using stainless steel hose clamps.
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2. In a Tidal Creek: Find a location that is adjacent to the wetland to decrease the visibility of
the housing. Try to get the sensor as low as possible in the creek. Note that the water level
sensor may go dry during low tide. This is common for this type of installation. Install the
wooden post or metal rods, as described in the previous step for a wetland installation. These
are needed to stabilize the sensor housing. Auger a hole and drive the PVC pipe into the
creek bottom (full length) or have it stick up from the bottom a few feet. Use stainless steel
hose clamps to attach the PVC well to the post or rod.
3. Attach nylon line to the PVC housing (the connection point) using a bowline knot. Adjust the
length of the line and attach the other end to the sensor using the same knot. Make sure the
sensor does not rest on the bottom of the PVC pipe. It should hang straight down inside the
housing about 6-12” from the bottom.
4. Record the following information on the datasheet (Appendix 4) when you first install the
sensor:
a. CP to Sensor: Measure the distance from the Connection Point (CP) to the sensor and
record it on your data sheet in centimeters (see diagram below).
b. CP to water level: the distance from the point of connection of the cable to the water
surface in centimeters. If the tide is low, you may not be able to record this number
when you install the logger. NOTE: If the water is above the CP, record a positive
number. If the water is below the CP, record a negative number.
c. CP to wetland surface: If installed in the wetland, record this distance in centimeters.
d. Time and Date (including whether time recorded is Standard or Daylight time).
5. Barometric logger installation: Attach the sensor to the PVC housing with a nylon line. Find
a suitable structure for the “baro” logger and install it. Place the opening at the bottom and
the cap at the top to try to minimize water (from rain or snow) getting into the housing. The
barometric logger can be located up to a few miles away from the water level logger.
6. Surveying: If possible, survey the elevation of the water level logger with a level, total
station, or with survey-grade GPS equipment. Knowing the elevation of the sensor will allow
you to convert water levels to NAVD88 elevations. Survey to the connection point (CP) if
possible. Otherwise, survey the top of the PVC housing (the cap) and precisely measure and
record the distance between the PVC cap and CP. Repeat surveys can check the vertical
stability of the well.
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Figure C 2. Water level sensor in a wetland (Rachel Carson National Wildlife Refuge, Maine).

Figure C 3. Barometric sensor attached to bird nesting box (Rachel Carson National Wildlife Refuge,
Maine).
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Figure C 4. Water level housing next to a wetland (Jamaica Bay, Gateway National Recreation Area).

Figure C 5. Water level sensor and PVC housing (Fire Island National Seashore).
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Example 1 – WL logger installation in the marsh:
x

Pros – Records actual water levels that the marsh vegetation is exposed to.

x

Cons – Records only the higher tides; does not record the low water events.

Figure C 6. WL logger installation in the marsh.
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Example 2 – Water level logger installation in a tidal creek or on the edge of a wetland (some of
the PVC housing is exposed).
Note: sensor should hang above the mud surface since the pipe fills with sediment.
x

Pros: easy to access the housing

x

Cons: Pipe is prone to filling in with sediment, and is more visible.

Figure C 7. Water level logger installation in a tidal creek or on the edge of a wetland (some of the PVC
housing is exposed).
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Example 3 – Water level logger installation in the bottom of tidal creek.
x

Pros: Sensor is very low so you are more likely to record the high and low tide events.

x

Since most of the slots are in the mud, the pipe does not fill quickly with sediment.

x

Cons: Pipe can only be checked and serviced at low tides. More difficult to access. Pipe will
eventually fill with sediment.

Figure C 8. Water level logger installation in the bottom of tidal creek.
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Questions about logger installation:
Jim Lynch
National Park Service, Northeast Coastal & Barrier Network
4598 MacArthur Blvd, NW
Washington, DC 20007
410-924-5412
james_lynch@nps.gov
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Appendix D. Water Level Logger Field Data Sheet
(Print on “rite in the rain” paper.)

Figure D 1. Example of a Blank form (v5).
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Figure D 2. Example of a completed form (v4).
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The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific
and other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and
affiliated Island Communities.
NPS 962/135920, January 2017
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AppendixF–FieldInstructions

Porewatersalinity

Reference:Bottitta,G.andK.WhitingͲGrant.2004,basedonNecklesandDionne2000(App.B).
Equipment:Syringewithtubing;refractometer;salinitydatasheets;clipboard;pencil;

deionized(DI)water;handheldGPSunit;printedmapofstations;watch;tidechartor
knowledgeoftheday’stideschedule;hipwadersoratleastmudboots;Sharpiepen.
Notes:
x
x
x

Porewatersalinitymustbemeasuredwithin2hours+/Ͳoflocallowtide.
Sitesaresampledatleastoncepermonthateachmonitoringsiteduringthesampling
season(April–October).
Monitoringcanbeperformedbyaloneindividual;asecondmayassistwithrecordingas
resourcespermit.

Fieldinstructions:
1. PreparesiteͲspecificporewatersalinitydatasheettodocumentasitevisit.
2. Usingthemapand/orGPS,locateandarriveataporewatersamplingstation.
3. CalibratetherefractometerusingdistilledorDIwater.ThereadingshouldbezeroPPT(0
‰).RinsetubingwithDIwater.
4. RemoveUͲshapedcapfromthetopoftheporewaterwell.Inserttubingtothewell,sothat
thetubinghitsthebaseofthewell,thenlift~5cmoffthebottom.
5. Withdrawsamplebypullingonthesyringe.Removethetubingfromthewellandreplace
wellcap.Notethesampletimeonthedatasheet.
6. Shakethesyringeand/ortubingtomixthesample.
7. Lifttherefractometer’sdaylightsampleplate,andplaceseveraldropsfromthesample
ontothefaceoftheprism.Closethedaylightsampleplatecover.
8. Takeasalinityreadingwhileholdingtherefractometerfacingtowardthesun.Record
measurement.
9. Repeatsteps7and8twicemore,sothattherearethreereadingstotal.
10. Noteanypertinentobservationsassociatedwiththesample,suchaspresenceofmudin
thesample,oradrywell.Ifawellismuddy,removethewell,rinseitout,andresetthe
well.Wait24hoursbeforesampling.
11. Dischargetubingandsyringe.
12. Repeatsteps5Ͳ11bytakingasurfacewatersamplefromtheadjacentchannel.
13. Continueontonextstation.
14. Salinityshouldbesampledoncepermonthateachmarshsiteduringthesamplingseason.
15. Makeanoteifthewellorstakesaremissingorbroken.Replaceifpossible.
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How Should Salinity Be Monitored?
Equipment
Soil salinity is a relatively inexpensive parameter to incorporate into a monitoring program. Wells to
obtain soil salinity are constructed from 19mm diameter CPVC plastic pipe with 7 pairs of 4mm holes at
sediment depths between 5 to 20cm. The base of the 35cm pipe is sealed and the top is capped with two
right angles in sequence. This prevents rain or floodwaters from entering the well while maintaining
ambient air pressure.
Syringe with Tubing

Flagging

Pencil &
Permanent Marker
Refractometer

Data Sheets &
Clipboards

Well

Aerial Photo/Map

Sampling Method
1. Remove the elbow-shaped cap from the well and insert the syringe tubing to the base of the well.
2. Lift the tubing about an inch away from the base to minimize the presence of mud and silt in the
sample.
3. Extract a sample from the well by pulling the circular knob at the top of the syringe and drawing as
much water into the syringe as possible.
4. Shake the syringe to reduce stratification (layering) in the water.
5. Open the daylight sample plate. Place the end of the tubing onto the
refractometer prism and gently push the plunger until a few drops of
water fall onto the refractometer.
6. Close the daylight plate so the plate comes into contact with the prism surface. The sample should
spread completely over the prism surface. Air bubbles or an insufficient sample will be hard to read.
If this occurs, repeat the procedure, applying more of the liquid sample.
7. Hold the refractometer by the rubber grip and point the prism end of the refractometer to a light
source and observe the field of view through the eyepiece. Focus the eyepiece by turning the crossstriped portion of the rubber eyepiece guard either clockwise or counter-clockwise until the scale
becomes clearly visible.
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8. A horizontal boundary line separating the blue field of view (top) and
white field of view (bottom) will appear in the field of vision. Adjust
the angle of unit to the light source until line is sharp and distinct. The
values on the scale are specific gravity and parts per thousand (ppt).
9. Measure the sample to the nearest parts per thousand (ppt). Record
the information in the space provided on the data sheet for “sample
1”.
10. Wipe the refractometer prism surface dry and repeat steps 5 and 6
two more times for a total of three salinity readings.
11. Do not allow saltwater to remain anywhere on the unit. When
through, wipe clean with damp cloth (fresh water) then wipe dry.

Sediment Elevation
Measuring the surface elevation of the marsh may assess net balances in critical soil processes that allow
salt marshes to persist over time. Loss in elevation indicates peat degradation, whereas gains may be due
to accretion at the surface or peat development below the surface. Standard survey techniques are unable
to measure short-term changes in the sediment elevation (2 to 3 years), but are adequate for documenting
long-term change (10 years or greater). Short-term changes in the sediment elevation of salt marshes
around the world are being monitored using Sediment Elevation Tables (SET). Installation of the SETs is
difficult and requires professionals. In New England, more than 30 stations exist in several salt marshes.
Data are collected to provide baseline information, assess projects to restore hydrology, and assess sea
level rise.
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Monumentedcrosssections


Reference:Collinsetal.,2007(followingpages);Neckles&Dionne2000(App.B).

Equipment:HandheldGPSunit,map,digitalcamera,crosssectiondatasheets,clipboard,
pencil,transitinstrument/autolevel,tripod,stadiarod,rodlevel,large(6Ͳ8”)nail,300ft.
(decimal)measuringtapereel,hipwaders,tidechartorknowledgeoftheday’stideschedule.

Notes:
x Measurementsrequirethatwaterlevelsaresufficientlylowforsafechannelcrossingand
preferably,anuninhibitedviewofchannelfeatures;e.g.,thelowerendofthetide.
x Twopeoplearerequiredformeasurements:oneonthestadiarod(observer),andoneat
theleveltakingreadingsandrecordingmeasurements(recorder).
x Hipwadersarenecessarytotraversethechannel.
x Directioniswithregardtoflowtowardthebay:riverright(R),riverleft(L),upstream(U/S),
downstream(D/S).

Fieldinstructions:
1. Usingthemapand/orGPS,locatecrosssectionmonitoringstation,includingmonuments
(typ.PVC)thatdenotethestartandendofatransectrunningperpendiculartothechannel.
2. Observersetsupthetransect.
o Insertthenailthroughtheendofthetapereelandintothetopofthemonumentat
riverL.Ondatasheet,notetransectstartlocation(e.g.,Station1,0’atriverL).
o Affixthereelendofthetapetotheoppositemonumentandnotethetransect
lengthonthedatasheet.Ensurethetapeistautbeforecommencingwiththe
survey.Note:Windyconditionsmaypreventsurveysatlargechannelsifthetapeis
nottaut.Eitherwaitforthewindtodiedownorcomebackatalatertime.
o Withthetapeintheforeground,takefourphotosofthechannel:towardriverR,
riverL,U/SandD/S.Ensurecameraislevelandthattheimageistakeninlandscape
format.Notethephoto#’sandlabels(riverR.)onthedatasheet.
3. Recordersetsupthelevel.
o Drawasketchofthecrosssectionlookingupstreamandasecondsketchofthe
generalformofthechannel.Includevegetationchanges,slumpedoroverhanging
banks,pools,andotherfeatures.Limitsketchesto~3minutesapiece.
o Setupthelevelequipment.Extendthetripodlegs,lockingthemintoplaceand
gentlyusingthefootpadstostabilizetheunit.Setthetripodupafewfeetfromthe
firststake,lookingacrossattheotherstake.Removethelenscapandattachthe
leveltothetripod,screwingontightly.Leveltheinstrumentbyadjustingthe3
wheelssothatthebubbleiscentered.
4. Surveythetransect.
o Ifalocalbenchmark/controlpointisavailable,measurethatpointatthestartand
endofthesurvey,andnotetherodheightonthedatasheet.
o Observerstartsat0’(riverL)withtherodplacedonthegroundimmediatelynextto
themonumentandfacingthelevel.TherodisheldverticalbyuseofarodͲlevel,and

therodisalwaysheldontheoppositesideofthetapefromtheobserver.The
observercallsoutthedistancealongthetransectanddescription.Therecorder
readsthecentercrosshairoftheleveltoobtainthestadiarodmeasurementalso
recordsthedistanceanddescription.
o Alongthetransect,observersetstherodtodocumentvisiblebreaksin
slope/elevation,andsignificantgeomorphicfeaturessuchastopofchannelbank,
baseofchannelbank,waterdepth,undercutbanks,andthethalweg.
o Intheabsenceofclearbreaksinslopeorotherfeatures,elevationsarerecordedat
apreͲdeterminedintervalasfollows:(totaltransectlength/20),withobservations
recordedatthisdistancealongthetransect.
o TransectendsatriverR.
5. Packuptheequipmentandheadtothenextcrosssection.
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Methods for the Critical Monitoring Parameters

B. MONITORING METHODS
1. Monumented Cross-sections
Purpose

Monitoring Design
Sampling Protocol
1. Define the monitoring reach.
Defining the length of the stream monitoring reach is
the first step in conducting cross-section surveys. Upstream of the barrier, the monitoring reach should, at
a minimum, include the length of the impoundment
and a representative portion of undisturbed reach upstream of the barrier (e.g., a reach length of approximately 10 channel widths). The downstream monitoring reach is less easily defined because the length of
reach physically impacted by the barrier, and/or its
removal, is not generally known precisely beforehand.

M

M

M

M

M

M
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Minimum Equipment
q Automatic level (surveyor’s level) or laser level
q Leveling rod in English (to tenths and hundredths)
or metric units, preferably 25-foot length
q Measuring tape in same units (300 ft or 100 m)
q Field book with waterproof paper
q Data sheets (see Appendix E)
q Pencil
q Permanent marker
q Two-way radios
q Topographic maps and/or aerial photographs
q Chaining pins
q Flagging tape
q Machete
q Wood survey stakes
q 4 ft (1.2 m) steel rebar stakes
q Hacksaw
q Small sledge or mallet
q Spring clamps
q GPS
q Compass

This section describes how to establish and survey
permanent (i.e., monumented) stream cross-sections
for long-term monitoring. It identifies the equipment
needed, describes the basic protocol, discusses the frequency with which the cross-sections should be re-surveyed, and presents some site-specific considerations.
This section does not provide detailed instruction on
basic surveying techniques, such as conducting a level
survey. For a more complete treatment of stream surveying techniques, see Harrelson et al. (1994).

M

Installing a monument.
Monument M
Cross-section

Impoundment

Reference
reach

Downstream
reach

M

M

M
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M

M
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Figure 1.
At minimum, monumented
cross-sections should be
established immediately upstream and downstream of
a stream barrier, at bridges,
in the impoundment, and upstream and out of the inﬂuence of the impoundment. The
number and location of cross
sections will depend on sitespeciﬁc conditions. Figure not
to scale.
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This length can be estimated, or the downstream limits
can be identified based on other project considerations
such as downstream habitats of concern, infrastructure,
or locations of hydraulic or geomorphic controls such
as bridges, outcrops, or knickpoints.

2. Determine number and location of cross-sections.
Once the length of the monitoring reach has been
identified, the monitoring team must determine the
number of cross-sections needed to adequately represent that reach. The most easily identifiable locations
are those areas where infrastructure in the floodplain
is likely to be impacted by the project. For example,
cross-sections should be established immediately upstream and downstream of the barrier and at bridges
within the identified project reach. There also should
be cross-sections representing the impoundment (see
Site Specific Considerations below), at least one in the
undisturbed reach upstream of the impoundment, and
at any locations judged to be sensitive to disturbance
or of high habitat value. The engineering and geomorphic analyses used to plan the barrier removal should
be consulted to identify critical locations. If present in
the monitoring reach, cross-sections should be established at existing, monumented cross-sections and/or
stream gage locations (Figure 1).
The choice of other cross-section locations should
be based on the number of physically homogeneous
stream reaches within the monitoring reach—those
with similar slopes, bed and bank material, floodplain/
terrace sequences, riparian vegetation, and channelforming processes (Simon and Castro, 2003). For example, the number of cross-sections representing pools,
riffles, meander bends, straight reaches, and flow divergence should closely approximate their proportion
in the entire monitoring reach. Identification of these
sub-reaches or cross-section types should begin with a
pre-field inspection of available topographic maps, aerial photographs, surficial/bedrock geology maps, soil
surveys, and other relevant information. In addition to
subsequent field inspection, you may want to perform
and plot a longitudinal profile to use in selecting crosssection locations (see section IV.B.2). Reviewing these
data will be valuable for identifying reaches with similar physical characteristics and dominant processes.

3. Locate and establish the cross-section monuments.
At each cross section, establish the permanent markers for both endpoints by driving a ½-inch-diameter,
4-foot rebar stake either flush with the ground or ½
inch above the surface. You may want to cover the tops
of the stakes with colored plastic caps available from
28
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survey suppliers and use different colors to distinguish
different cross-sections (Harrelson et al., 1994). Be sure
to note the color associations in the field book. The
cross-sections should be straight and perpendicular to
the bankfull flow direction, and they should extend
across the floodplain/riparian zone to the first terrace
or as far as practicable.
To facilitate locating each cross-section for future
surveys, establish the horizontal position of the monuments via GPS and one other method. You can fix the
position of monuments by taking a bearing and measured distance to the benchmark (see step 4 below), or
by triangulating between the monument, benchmark,
and another permanent feature on site (e.g., large,
healthy tree or bedrock outcrop) (Harrelson et al., 1994;
Miller and Leopold, 1961). If the benchmark is not visible from a given cross-section, triangulate with two
permanent features. The GPS coordinates of each monument will facilitate mapping the cross-section locations in GIS. Once located, depict the cross-sections on
a scaled map or aerial photograph of the project area.

4. Locate or establish the benchmark.
Once the cross-sections have been established, you
must either locate, or establish, a local benchmark for
the site. This is a permanent marker of known, or assumed, elevation that functions as survey control and
the survey starting point. The U.S. Geological Survey
(USGS) and other entities historically involved in developing geodetic control networks have benchmarks
throughout the country. If one is available at your site,
use it. They are typically found on stable site features
such as bedrock outcrops; the tops of large, embedded
boulders; and bridges.
In the event that a USGS or other geodetic control
benchmark is not present in reasonable proximity to
the project area, you will need to create a local, or project, benchmark. This offers the opportunity to establish
it in a location that is advantageous for the survey;
that is, locate it at a point relatively high on the site
and visible from most, or at least many, of the permanent cross-sections. You can do so by driving a rebar
stake 3 or 4 feet into the ground, chiseling a mark in
an outcrop feature or stable boulder, or other means
described by Harrelson et al. (1994). Be sure to describe
its location in the field book and establish its coordinates with GPS. Always record the horizontal datum
employed by the GPS (e.g., NAD 83). If you establish a
benchmark, it is conventional to assign it an arbitrary
elevation of 100 feet. Alternatively, the benchmark can
be tied into an established vertical datum (e.g., NAVD

www.gulfofmaine.org /streambarrierremoval
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Figure 2. Basic channel and valley features of an unimpacted (reference) stream reach. Note that some features, such
as the bankfull elevation, will not be identiﬁable in the impacted project reach or in all reference reaches.

88) or referenced to mean sea level for projects in areas
subject to tidal influence. The horizontal and vertical
datums used for the cross-sections should be used also
for the longitudinal profile.

5. Set-up the survey instrument and tape.
If possible, set up the survey level in a location from
which the local benchmark and all points of one or
more cross-sections are visible. Though one or more
cross-sections might be shot from one instrument station, to complete all cross-sections for your site you
may need to set up two or more instrument stations.
From each new instrument station you will need to
take backsights on the benchmark (see below), if it is
visible, or from turning points if it is not (Harrelson et
al., 1994). A machete can be useful to trim low-hanging
branches or other vegetation and decrease the number
of times you need to move the instrument, but you
should avoid cutting large amounts of vegetation for
this purpose to minimize property and habitat impacts.
At each cross-section, stretch a tape as taut as possible
between the monuments. It can be attached to the
monument itself with spring clamps, to a shorter rebar stake driven next to the monument with 6 inches
exposed for easier attachment, or with chaining pins
(Harrelson et al., 1994).
If you are using an optical surveyor’s level (auto-level),
the person operating the level will make and record
the rod readings while the rod person will choose the
survey points and call out the lateral distances to the
level operator. Lateral distances are referenced to the
left bank monument, which is the cross-section zero
www.gulfofmaine.org /streambarrierremoval

(left bank is referenced as the left bank looking in the
downstream direction). A third person dedicated to recording all readings and descriptions in the field book
is recommended and will be necessary for surveying
the impoundment with a boat (see Site Specific Considerations below). One advantage of using a laser level is
that one person can execute the cross-section survey (or
two for impoundment surveys).

6. Survey the cross-section.
Begin with a rod reading on the benchmark. This
“backsight” will be added to the elevation of the benchmark to establish the “height of instrument” (HI). All
“foresights” on cross-section locations will be subtracted from the HI to obtain the elevation of those points
(Harrelson et al., 1994). The first foresight will be taken
at the left bank monument. From there, take readings at all breaks in slope and especially at significant
geomorphic features as you make your way across the
valley (e.g., bankfull, bank top, bank toe, bar tops, edge
of water, thalweg), describing each feature in the notes
for the respective reading (Figure 2). Capture features
such as woody debris and bank-failure deposits, and record in the notes important changes in substrate type.
Also make notes about the nature of the vegetation,
especially its structure (e.g., trees, shrub, herbaceous;
see Section II.B.7 for the riparian plant community
structure method), and be sure to record the locations
where discrete changes occur. Adequately characterizing the complexity of the cross-section will typically
require a minimum of 30 to 40 rod readings. Larger
floodplains and more complex geometry can require
Stream Barrier Removal Monitoring Guide | 2007
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many more. Record the horizontal distances to tenths
of feet (0.1 ft) and elevations of benchmarks and turning points to hundredths of feet (0.01 ft). Cross-section
elevations are also recorded to hundredths of feet.

Karla Garcia / NOAA Restoration Center

verse the impoundment. The determination of whether
cross-section data in an impoundment can be acquired
by wading or using watercraft must consider the depth
of the impoundment and suitability of sediment for
wading. Impounded sediments may be unconsolidated,
Bear in mind that identifying a bankfull channel will
fine-grained material with saturated interstitial spaces,
be most applicable to the cross-section(s)
making them very soft and incapable
upstream of the hydraulic influence of
of supporting a wader. In such condithe impoundment that represent the
tions, it will be necessary to obtain the
un-impacted channel reach. The bankdata from a boat. Depending on the
full channel is adjusted to an approxinature and depth of the impoundment,
mately 1.5- to 2-year recurrence interval
surveying cross-sections within it can
discharge and the prevailing sediment
be accomplished either by employing
transport conditions (Leopold et al.,
the methods described in the previ1964). Because water flow and sediment
ous section and taking rod readings
discharge conditions will, in most cases,
at fixed intervals from a small boat,
be changing at a barrier removal site, a
or by using a fathometer from a boat
persistent bankfull channel likely will
navigated along the transect and innot be identifiable in the monitoring
tegrating the readings with the rod
Monument at a cross-section.
reach. This may also be true of the refreadings on shore via GPS positioning.
erence reach, especially in watersheds with changing
If you are taking rod readings from a small boat, you
land use. See Harrelson et al. (1994) for a good discuswill need to take care in positioning the rod and try to
sion about field identification of the bankfull channel.
make sure the rod rests on top of the sediments and
The USDA Forest Service Stream Systems Technology
does not sink into soft substrate. At least two people are
Center (2003) also produces a video specifically geared
needed for boat work—one to work the survey rod and
towards field identification of the bankfull channel in
the other to station the boat.
the eastern United States (www.stream.fs.fed.us/publications/videos.html).
Analysis and Calculations
The data from a cross-section survey are elevations and
Sampling Frequency
distances. Horizontal distances are recorded to tenths
Pre-removal surveys are essential for comparison with
of feet (0.1 ft) and elevations of benchmarks and turnpost-removal data to assess channel and floodplain reing points to hundredths of feet (0.01 ft). Cross-section
sponse. Pre-removal surveys may be most easily accomelevations are recorded to hundredths of feet. These
plished if the impoundment can be drawn down before
data should be recorded in standard level-survey notaremoval (see Site Specific Considerations below), such
tion (see Cross-Section Survey Data Sheet in Appendix
as during project feasibility studies. In any case, for
E). Harrelson et al. (1994) also provide a nice graphic
efficiency purposes, selection of the long-term moniexample of proper field book notation for level surtoring cross-sections and pre-removal data collection
veys. The horizontal and vertical datums of the survey
should be integrated with any planned feasibility work.
must always be recorded (see Site Information Data
As a general guideline, post-removal re-surveys should
Sheet in Appendix E). The distances and elevations
occur annually, or every other year, for at least 5 years.
can be plotted manually on graph paper as ‘x’ and ‘y’
However, sampling frequency and duration should
coordinates, respectively, or brought into a spreadsheet
reflect project objectives and site conditions. For exprogram for plotting and analyses.
ample, sites with great amounts of loose sediment may
require more frequent sampling over a longer period
Additional Information
than sites with bedrock channels or beds dominated by
Harrelson et al. (1994) provide an excellent reference
coarse materials. At a minimum, the frequency should
for basic survey techniques and for specific informaconform to any regulatory requirements. The monution on conducting cross-section and longitudinal proments should be recoverable for much longer so that
file re-surveys. We strongly recommend that readers
longer-term studies of channel evolution are possible.
with minimal experience consult this reference. It also
is a useful review for those with more experience.
Site-speciﬁc Considerations
Some of the pre-removal cross-sections will need to tra-
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Longitudinalchannelprofiles

Reference:Collinsetal.,2007(followingpages)

Equipment:Hipwaders(mudbootsokforthepersonatthetransit),transitinstrument,tripod,
stadiarod,rodlevel,compass,datasheets,clipboard,andpencils.

Notes:
x Longitudinalprofilesmustbeconductedatlowtide.
x Twopeopleareneeded:observerhandlestherod,recorderhandlesthetransit.
x Priorknowledgeofbenchmarks(elevationcontrolpoints)inthefieldisnecessary.

FieldInstructions:

1. Setupthetransitinstrumentonitstripodinaspotwithclearvisibilitytobothsidesofthe
structure,thechannelreachtobesurveyed,andalocalbenchmark/controlpoint.Often,
setupisalongaroadshoulder;bevisibleandwearasafetyvest.
2. Positiontripodlegsandlockintoplace,pushingthefeetfirmlyintotheground.Levelthe
transit,adjustingthewheelsuntilthebubbleisinthecenterofthecircle.
3. Turntheinstrumenttowardabenchmark(e.g.,nailonatelephonepole).Setthelevel
angleatzero.Takeacompassbearingonthebenchmarkandrecordmagneticanglefrom
theleveltothebenchmark.Recordheightatthetopcrosshair,themidcrosshair,andthe
lowercrosshair,aswellastheangle(being0degreesatthefirstbenchmark).Repeatwith
additionalbenchmarksifavailable.Filloutotherinformationonthedatasheet.
4. Thepersonwiththestadiarodshouldwalktowardthebeginningofthetransectstarting
withthelocationofthedownstreamcrosssection(typically,Station1).Thestadiarod
shouldbepositionedinthethalweg(deepestpartofthechannel)throughoutthesurvey.
5. Wheninposition,therecorderreadstherodheightatallthreecrosshairs,andtheangle.
6. Thepersonwiththestadiarodmovesupstreambyapproximately20feetatatime,orat
obviouselevationbreaks,whilethetransitrecordsalldata.Ifthereisasharpchangeinthe
channelgrade,positionthestadiarodatcloserincrementssothechangecanbecaptured
inthetransitreadings.
7. Continueupstreamuntiltheroad/structureisreachednotingvisiblechangesinthechannel
suchasasandybottom,muddybottom,rocksetc.
8. Onceatthestructure,getareadingattheoutletinvert.Noteheightoftopof
pipe/structureabovetheinvertaswellaswaterdepth.Ontopoftheroad,surveytheroad
crownheight(typicallyintheroadcenter).Gotoothersideofthestructureandgetthe
samemeasurementsworkingupstream.
9. Continueupthechannelusingthesamemethodasbeforemakingsuretostayinthe
thalwegandmeasurevisiblechangesinelevation.
10. Ataminimum,observercontinuesmeasurementsuntilthefirstcrosssectionupstream
(typically,Station2).Oncerecorderisunabletotakeareadingthroughtheautolevel,the
profileisdone.
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2. Longitudinal Proﬁle

4KhZ͗ŽůůŝŶƐ͕D͕͘<͘>ƵĐĞǇ͕͘>ĂŵďĞƌƚ͕:͘<ĂĐŚŵĂƌ͕:͘
dƵƌĞŬ͕͘,ƵƚĐŚŝŶƐ͕d͘WƵƌŝŶƚŽŶ͕ĂŶĚ͘EĞŝůƐ͘ϮϬϬϳ͘^ƚƌĞĂŵ
ĂƌƌŝĞƌZĞŵŽǀĂůDŽŶŝƚŽƌŝŶŐ'ƵŝĚĞ͘'ƵůĨŽĨDĂŝŶĞŽƵŶĐŝůŽŶ
ƚŚĞDĂƌŝŶĞŶǀŝƌŽŶŵĞŶƚ͘ƉƉ͘ϯϭͲϯϮ
ǁǁǁ͘ŐƵůĨŽĨŵĂŝŶĞ͘ŽƌŐͬƐƚƌĞĂŵďĂƌƌŝĞƌƌĞŵŽǀĂů͘

Purpose
This section describes how to survey the longitudinal
profile of the channel thalweg at your monitoring
reach. It identifies the equipment needed, outlines
the basic protocol, discusses the frequency with which
the profile should be re-surveyed, and presents any
site-specific considerations. As with the monumented
cross-section method (see Section IV.B.1), this section
does not provide detailed instruction on basic surveying techniques. See Harrelson et al. (1994) for a more
complete treatment of this subject.

Monitoring Design
Sampling Protocol
1. Define the monitoring reach.
This must be accomplished before surveying the
longitudinal profile and the cross-sections. See Section IV.B.1 for general guidelines. Your longitudinal
profile should extend the length of the monitoring
reach, beginning at a stable channel feature (e.g., riffle)
upstream of the impoundment. Your profile should
always begin upstream of the uppermost cross-section
and should continue to the lowermost cross-section
and include survey shots at the thalweg of all monumented cross-sections.

Minimum Equipment
q Automatic level (surveyor’s level), laser level, or
total station
q Leveling rod in English (to tenths and hundredths)
or metric units, preferably 25-foot length
q Measuring tape in same units (300 ft or 100 m)
q Field book with waterproof paper
q Data sheets (see Appendix E)
q Pencil
q Permanent marker
q Two-way radios
q Topographic maps and/or aerial photographs
q Chaining pins
q Flagging tape
q Machete
q Wood survey stakes
q Small sledge or mallet
q Spring clamps
q Compass

Figure 3. A longitudinal proﬁle surveyed pre-project at Kamrath Creek, Wisconsin. The survey points for a channel
bed longitudinal proﬁle are taken at the deepest point in the channel, i.e., the thalweg (see Figure 2).
Proﬁle plot courtesy of Brian Graber.
www.gulfofmaine.org /streambarrierremoval

Stream Barrier Removal Monitoring Guide | 2007

31

Methods for the Critical Monitoring Parameters

2. Set up the survey instrument.
If possible, set up the level in a location from which
the benchmark, and as much of the monitoring reach
as possible, is visible (See Section IV.B.1, step 4, for information on benchmarks). You may want to consider
setting up the instrument in the channel, if the flow
and bed conditions permit (Harrelson et al., 1994).
Choose instrument locations carefully to minimize the
number of times you need to reposition.
3. Establish the stationing.
Downstream distance should be measured along the
channel thalweg. A straightforward method is to station the channel with a baseline along one bank. The
downstream distance of each survey shot is measured
as the right-angle projection from that location to the
baseline on the bank.
The baseline can be established by two people measuring along the stream thalweg with a tape, while someone on shore drives, and clearly marks, wooden survey stakes at regular intervals (commonly a channel
width). The purpose of the stationing stakes is to make
estimating distances easier. They do not necessarily
mark the locations of actual survey shots. See Harrelson et al. (1994) for further information on stationing.
Using a total station with a GPS interface, if available,
can make stationing unnecessary and considerably
simplify profile completion. These units can “fix” the
horizontal position of survey shots in known datums
such as NAD 83 for subsequent plotting in GIS and
calculating distances. Total stations and laser levels are
also advantageous for profile surveys because of the
long distances over which they can obtain shots (Simon
and Castro, 2003).

4. Survey the profile.
Begin with a rod reading on the benchmark to determine the height of the instrument (HI) (see Section
IV.B). Then take readings along the thalweg (i.e., deepest part of the channel) at important bed features (e.g.,
pools, riffles, bedrock sills, woody debris), measuring downstream distance using the baseline. Include
enough shots to well define each feature (Simon and
Castro, 2003). It is particularly important to determine
the highest elevation at pool-riffle (and/or run) transitions.
Along with distances and elevations, record in the field
book details about the feature being measured and the
locations of important changes in substrate type. Also,
take elevations of the water surface at each bed elevation measurement. This can be done easily by taking
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the elevation of the water’s edge closest to the thalweg
along the projection to the baseline. Move the instrument as needed to complete the profile.
Sampling Frequency
As with the cross-section surveys, a pre-removal longitudinal profile may be accomplished most easily
during an impoundment draw-down and should be
integrated with any planned feasibility work (see Site
Specific Considerations below). As a general guideline,
post-removal re-surveys should occur annually, or every other year, for at least 5 years. However, sampling
frequency and duration should reflect project objectives and site conditions. At a minimum, the frequency
should conform to regulatory requirements. Note that
follow-up surveys should trace the post-barrier removal
thalweg, which may not be in the same horizontal position as the pre-removal thalweg.
Site-speciﬁc Considerations
A portion of the pre-removal longitudinal profile will
run through the impoundment. As with the cross-sections, this may require a boat and should be done with
great care. See Site Specific Considerations under Section IV.B.1 for general guidelines and considerations.

Analysis and Calculations
The data from a longitudinal profile survey are elevations and distances. Horizontal distances are recorded
to tenths of feet (0.1 ft) and elevations of benchmarks
and turning points to hundredths of feet (0.01 ft).
Profile elevations are recorded to hundredths of feet
as well. These data should be recorded in standard,
level survey notation (see Longitudinal Profile Survey
Data Sheet in Appendix E). Harrelson et al. (1994) also
provide a nice graphic example of proper field book
notation for level surveys. The horizontal and vertical
datums of the survey must always be recorded (see
Site Information Data Sheet in Appendix E). The
distances and elevations can be plotted manually on
graph paper as ‘x’ and ‘y’ coordinates, respectively, or
brought into a spreadsheet program for plotting and
analyses (Figure 3).

Additional Information
Harrelson et al. (1994) is an excellent reference for
basic survey techniques and for specific information
on conducting cross-section and longitudinal profile
re-surveys. We strongly recommend that readers with
minimal experience consult this reference. It also provides a useful review for those with more experience.

www.gulfofmaine.org /streambarrierremoval

Vegetation

Reference:NecklesandDionne,2000.

Equipment:Graduated300ft.(decimal)tapereel,1meterquadrat(PVC),camera,hipwaders,
handheldGPS,compass,sitemap,vegetationtransectcoversheet,vegetationplotdatasheet,
vegetationtransectsummary,magnifyingglass,fieldguide(s),Ziplocbags,clipboard,and
pencils.Vegetationidentificationguide(Tiner2009,FieldGuidetoTidalWetlandPlantsofthe
NortheasternUnitedStatesandNeighboringCanada).
Notes:
x VegetationmonitoringisbestconductedduringlowͲmidtides.
x Feasiblewithoneperson,butoptimalwithtwointhefollowingroles:
o Observer:identifiesplantspecies,describescovertypeandestimatespercentcover
o Recorder:assistsobserverwithtape,photos,fillingdatasheets.
x Priorknowledgeoftransectlength,location(startandendpoints),magneticdirection,and
plotdistancesalongthetransectneededforreplication(VegetationTransectSummary).

FieldInstructions:
x

x

x
x

x

Priortosampling:
o Ateachstation,filloutVegetationTransectCoverSheet.
o Locatetransect,usinginformationinTransectSummaryForm(Accessform/report)
 LocatestartofstationtransectatchanneledgeusingsitemapandGPSunit.
 Locateendoftransectatuplandedgeusingcompassbearing,GPSunit,and
markers/descriptions
o Runtapereelfromtransectstartatthechanneledge(0’),tochannelendattheupland,or
300’,(whicheverisshorter).
o Takephoto(landscapeorientation)ofviewfromchanneltoupland.
ProceedwithsamplingatpreͲdeterminedplotdistancesalongthetransect.
o Placequadratonoppositesideoftape,withquadratrunningparalleltotapebeginningat
theplotdistance.
o Usepercentcoverestimates.Forcoverestimateslessthan1percent(“present”),use>1%
o RecordfindingsonVegetationPlotDataSheet.
o Forunknownspeciesinthemarsh,takeasampleinaplasticbagandIDbackattheoffice.
Noteondatasheetanysamplestaken,andIDthesampleattheoffice
o Forunknownspeciesattheuplandedge,photograph,andnotephotoIDnumber,andID
backattheoffice
Proceedtonextplotbywalkingontheoppositesideofthetapefromwhatisbeingmeasured.
Atconclusionofsampling:
o Takephoto(landscapeorientation)ofviewfromuplandbacktochannel.
o Reelintape.
Proceedtonextstation.

Work Group Report-Monitoring Protocol Variable/Ecosystem Indicator: Vegetation 12

1) Identify all plant species (i.e.,species composition).

ECOSYSTEM INDICATOR:
VEGETATION
WORK GROUP PARTICIPANTS
Summary by: Ted Diers, NH Coastal Program, and
Charles Roman-USGS, Sarah Allen-Normandeau Assoc.,
Bruce Carlisle-MA CZM, Carolyn Currin-NOAA, Pam
Morgan-UNH, Frank Richardson- NH DES., Peter ShelleyConservation Law Foundation, Lee Swanson-NB DNR.

RATIONALE
The goal of vegetation monitoring is to track trends in
plant abundance and species composition of the marsh community over time. A protocol for monitoring restoration
projects must be capable of detecting changes in the vegetation of the restoring marsh and a reference marsh in the
years following restoration actions, and of determining
whether and how the vegetation of the restoring marsh differs from that of the reference system over that time period. In addition, frequently the purpose of a restoration
project focuses on a specific plant species such as
Phragmites australis or Spartina alterniflora. In these
cases, more detailed information on individual species of
concern may be warranted. The methods described below
should be applied routinely to the marsh plant community
in general, with additional data collected on species of concern as appropriate.

CORE VARIABLES
Y Abundance: cover class per m2 , by species
Y Composition: identity of species per m2
Y Height of species of concern: mean height of 3
tallest individuals of each species of concern per
m2

2) For each species, estimate percent cover by visual examination. Estimate percent bare ground as well.
The estimate should be an integer number that can be
categorized within standard Braun-Blanquet cover
classes (<1%, 1-5%, 6-25%, 26-50%, 51-75%, >75%).
Estimating cover by visual examination can be somewhat subjective; however, it has been demonstrated that
these measures of cover are comparable to the more
time intensive, quantitative measures of relative abundance, such as point intercept counts (Kent and Coker
1992).
3) Measure and then average the height of the tallest three
individuals of each species of concern within each plot.
In addition, for plots restricted to species of concern
(see Sampling Design, below), determine the stem density
by species within a subsampled area of the plot.

Photo stations
Photographs taken from permanent stations can provide qualitative information on the changes in the plant
community over time. Stations should be indicated on maps
and with permanent field markers. The stations should include views of the restoration activity or structures. Two
kinds of photo stations should be established – landscape
or panoramic views and close-ups of plots. Landscape
photos are taken at several compass bearings to cover a
panorama of the entire marsh. For stands at the site of a
tidal restriction, bearings showing the downstream marsh
are desirable as well. Landscape photographs should include a person or an object for height scale. Close-ups are
oblique views of a select number of the permanent vegetation plots. The corners of the plots should be identified
with orange flagging and the photo taken from a height of
about 1.2 m (4 ft). Photos should be taken at the time of
vegetation sampling.

Y Stem density of species of concern: # shoots
per m2, plots restricted to species of concern, by
species

SAMPLING METHODS
Plots
The general marsh community and species of concern
are sampled using 1 m2 quadrats. All sampling should be
accomplished at the time of maximum standing biomass,
in mid-summer (mid-July through August).
At each plot, take the following measures:

Salt marsh haySpartina patens
Robert Shetterly

13 Regional Standards to Identify and Evaluate Tidal Wetland Restoration in the Gulf of Maine

SAMPLING DESIGN
Marsh Community
The marsh plant community should be sampled using
permanent plots positioned along transects in a systematic
sampling design, following Elzinga et al. (1998). Use of
permanent plots (re-sampled at each sampling interval) allows the application of powerful statistical tests for detecting change. Systematic sampling allows relatively easy
positioning and relocation of quadrats and insures a fairly
uniform distribution of quadrats throughout the study area.

Volunteers using
transect to monitor
vegetation

The marsh study area, or areas, should be identified
and mapped. This may include a marsh that is bisected by
a causeway, with one marsh area under the influence of
reduced tidal exchange and another area open to full tidal
exchange. Within each marsh study area, transects will be
established perpendicular to the main marsh tidal creek;
transects begin at the creek bank and extend to the upland.
So that transects are dispersed fairly uniformly across the
marsh, transects are positioned randomly within contiguous marsh segments. Divide the marsh into equal-sized
segments along the axis of the main tidal creek, and randomly locate transects within marsh segments. Quadrats
are then systematically located along transects. For each
transect, the location of the first quadrat is selected randomly within the low marsh zone, or within the first 3 meters
if no zone is apparent. Subsequent quadrats are located at
consistent distance intervals along the transect. Given that
the transects are established in a random manner, and assuming that there is adequate spacing between quadrats (>10
m) to insure that the plant communities of nearby quadrats
are not correlated with each other, each quadrat can serve
as a single sample unit (similar to a simple random sampling design).

The map or aerial photographs should be used to lay
out the marsh segments, transects within segments, and
quadrats along transects to achieve an appropriate dispersion of sample plots. In the field, the exact starting location of transects and quadrats can be determined using a
random numbers table and meter tape.
What should be the total number of 1 m2 quadrats
sampled within each marsh area? This question should be
resolved before the transects and quadrats are established.
The ideal way to determine the appropriate number of plots
required would be to conduct a power analysis. Using this
approach, if the variability associated with the measurement and the desired level of change detection (i.e., subtle
vs. major changes in the marsh community) are known,
then the number of replicates required can be determined.
A power analysis specific to New England salt marsh vegetation studies has been completed by the USGS-Biological Resources Division and is under review. Recognizing
that this analysis is not yet final, and does not necessarily
apply to all Gulf of Maine salt marshes, preliminary findings suggest that twenty plots within each study area of up
to 50 ha would be adequate to detect subtle changes over
time. Moreover, after several years of data have accumulated from specific restoration and reference sites, the investigator will be able to determine the level of variability
at the site and then adjust to an appropriate number of replicates.
Vegetation should be sampled before restoration, 1 and
2 years following restoration, and every 3-5 years thereafter. There are several data analysis techniques that can be
applied to detect changes in the vegetation community over
time. Ordination techniques, such as Detrended Correspondence Analysis, or an analysis of similarity, are just two of
the techniques that can be used (see Kent and Coker 1992).
Species of Concern
There are two ways to monitor species of special concern, such as Phragmites or Lythrum. First, in the routine
vegetation community sampling described above, the height
of the 3 tallest plants species of concern should be measured in all quadrats in which it occurs. If species of concern are not adequately represented in the marsh community samples, then a minimum of 5 additional 1 m2 plots
should be permanently established within distinct stands.
Data on all core variables are then collected from these
plots as well during vegetation sampling.

SurfaceWaterHydrology(level,temperature,conductivity)

References:
x Curdts2017,NationalParkService:https://irma.nps.gov/DataStore/DownloadFile/563851
x HOBOU20WaterLevelLoggerManual:https://www.onsetcomp.com/files/manual_pdfs/12315ͲEͲ
MANͲU20.pdf
x HOBOMicroStationQuickStartManual:https://www.onsetcomp.com/files/manual_pdfs/20874Ͳ
D%20MANͲQSGͲH21ͲUSB.pdf
x HOBOBarometricPressureSmartSensorManual:
https://www.onsetcomp.com/files/manual_pdfs/12291ͲF%20MANͲSͲBPB.pdf
x HOBOU24ConductivityLoggerManual:https://www.onsetcomp.com/files/manual_pdfs/15070ͲCͲ
MANͲU24x.pdf

Equipment:
x
x
x
x
x
x
x
x

Laptopw/HOBOWarePro
OnsetHOBOU20TitaniumWaterLevel
Logger(s),range0Ͳ4m.
OnsetHOBOConductivityLogger(s)
OnsetHOBOBarometricpressurestation
(microstation,sensor)
Clipboardwithdatasheets&pencils
Stadiarod(English,decimalfeet)
Autolevelwithtripod
GPS

x
x
x
x
x
x
x
x
x
x

Camera
AAbatteries
Needlenosepliers
Fenceposts(short)
PVChousing
Zipties
Bucket
Knife/scissors
Refractometer
DeͲionizedwater

Datasheets:
x HOBOWaterLevelLoggerDeploymentDataSheet
x HOBOConductivity/SalinityLoggerDeploymentDataSheet
x HOBOBaroͲloggerDeploymentDataSheet
x ONSETHOBOloggerdeploymentchecklist

Notes:
x Equipmentinstallationoccursatlowtide,withequipmentsetatlowestpointfeasiblegivensite
constraints
x Equipmentmaybedeployedbyaloneindividual,buttyingelevationsintoaverticaldatumrequires
surveyingandtherefore,twopeople.

FieldInstructions:
SitespecificmonitoringobjectivesareoutlinedinSAPsandwillinformdeploymentlocation.
BaroͲLoggers
x
x

FollowmanualsforHOBOmicrostationandbarometricpressuresmartsensortostartup
Useabungiecordtoattachhousingandinstrumentationtoatreeorotherstructureinashaded(24
hours)anddiscreetlocation.Instrumentissensitivetoheat;shadeisimportant.

U20WaterLevelLoggers;ConductivityLoggers
x

x
x

Programinstruments(intheofficeoronsite).
o Setstarttimetothetopofthehourwithasamplingintervalof6minutestosynchronize
withPortlandTideStation.
Deployinstrument(s)inPVChousingaffixedtofencepostorcinderblockusingzip/cableties.Set
configurationintothebottomwithfencepostorcinderblock
Deploymentmethodwilldependonlocalsiteconditions:

Option1–PVChousingaffixedtoasecurepostManufacturedstillingwellsareavailableforpurchase.
Canalsobeconstructed.CBEPbuildsstillingwellsbycutting1½”(3.5cm)PVCpipetoa35cmlength
thendrillingnumerous.5cmholesintothepipetoallowadequateflowanddrainage.Acomparably
drilledcapisthenaffixedtothebaseofthewellwithadhesive.Thetopcapisdrilledwithanadditional
1cmwideslitcuttothecapendinordertoaccommodatethecable.Thetopcapistemporarilyaffixed
tothewellwithaziptieduringdeployment.Throughoutdeployment,caremustbetakennottokink
theinstrumentcable.
Duringdeployment,theinstrumentissetintothewell,whichisfirstaffixedtoasecurepostwith
zip/cableties.Thepost(fencepostorrebar)isthendrivenintothesedimenttoasufficientdepthso
thatthestillingwellisabovethesedimentsurface,butthepostwillalsositsecurelyoverthe
deploymentperiod,andsothattheinstrumentisverticalandthesensorssitatthebottomofthestilling
well.Thewelldoesnotneedtobeplacedinthechannelthalweg,andoftenisbettersetalongthe
channelbankasthisreducesthepotentialforwrackbuildͲupandfoulingoverthedeploymentperiod.
Theotherendoftheinstrumentcable,whichendswithalargedesiccantattachment,willsitina
protectivecapaffixedtoasecondfencepostthatstandsabovethemarshsurface.Thepurposeofthis
capistoprotectthecableendfromtheelements.Thecapisconstructedof1.5”PVCpipecuttoa
lengthofapproximately6”/15cmwithacapononeend.
Theinstrumentisaffixedtothestillingwellusingziptiesloopedthroughtheholes.Oncetheinstrument
isimmobilizedwithinthestillingwell,thecableͲendcapisplacedovertopofthewellandsecuredwith
aziptie.Thecombinedunitisthenaffixedtoagreenmetalfencepostapproximately.5Ͳ1mlongusing
plasticzipties,highenoughsothatthepostcanbepusheddeepenoughtositsecurelyinthechannel
sediments.Thecableshouldbeaffixedtothefencepostwithaziptietopreventcatching,butnottoo
tightly.Tosettheunitintothechannel,thebaseofthefencepostispushedintothesedimentsofthe
creekbedduringlowtide.Siteconditionsdictatethespecificlocation,butpreferablytheunitcanbe
deployedatthethalwegwhereasteepbankrisesvertically,ensuringthatcablewillnotdangleloosely.
Oncetheinstrumentisdeployed,loosecableisgentlysecuredtothechannelbankandmarshsurface
usingerosioncontrolfabricstaplesuntilthefootofafencepostsituatedonthemarshsurface.The
looseendofthecable,attachedtoalargedesiccant,ispushedupintotheprotectivePVCcapaffixedto
thefencepost,andattachedtothepostwithaplasticziptie.Thefencepostmustbesetsothatthetip
ofthecablesitsabovethehighestprojectedtideheightforthedeploymentperiod.The3mvertical
greenmetalfencepostisinstalledonthesurfaceofthemarsh.Anyloosecableshouldbeloopedand

securedtothefencepostabovetheground.Asignisoftenattachedtothisposttoprovideapointof
contactforcuriouspassersby.
Option2–PVChousingaffixedtoacinderblock
Thedeploymentmethodisidenticaltooption1,exceptthatratherthanaffixingthestillingwelltoa
fencepost,thewellisaffixedtoaconcreteblock(typically,4”by8”by16”)usingmultiplescrewclamps.
Thisunitisthenplacedinthechannelthalwegorientedinlinewiththechannel,sothattheinstrument
lieshorizontallyonthechannelbottom.ThislowͲprofiledeploymentissometimesoptimalforwide,
openchannelsoropenmudflatwheretheinstrumentmaybemoreexposedtowrack,waves,etc.,and
wherethecableismorelikelytogetsnagged.Theblockshouldbestakedintothemudwithastabilizer
suchasrebar,fenceposts,orstakes,torestrictlateralmovement.Typically,thelonger(40’)cableis
usedforthisoption,sincethelengthisneededtoreachthefencepostsetintheadjacentmarsh
surface.
x

x
x
x

Completeloggerdeploymentdatasheets
o RecordlocationwithGPS,andphotographeachinstrument
o Drawschematicoflocation
o ForU20waterlevelloggers,surveyboththeinstrumentandinstantaneouswaterlevelsinto
aknownbenchmark.Waterlevelsshouldbesurveyedatleasttwice,andatleast15
minutesapart.
Totaldeploymentdurationshouldbe4–6weekstodocumentafullneap/springtidecycle.
AtremovalofU20waterlevelloggers,surveywaterlevelsandrecordtime,ifthereiswateroverthe
pressuretransducer.Waitatleast6minutespriortoactualphysicallyremovingtheinstrument.
Removeinstrumentandnotetime/dateofremoval,aswellasobservations(fouling,etc.)

Dataprocessing
x
x
x
x
x

UseHOBOWaretostoprecordinganddownloaddata
EnterwaterlevelobservationinNAVD88atspecificdataandtimetotiethedatasetintoNAVD88.
AnalyzedatausingHOBOWareandExcel.
RecordassociatedmetadatainExcelspreadsheet.
StorerawdataandpostͲprocesseddataseparately.

