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Background: 
Afish control struct_lIre(fi§_hway) wasbu_i1tatttleuutletofCootesPatadisetocotilrol tlleenlranceofcarp 
into the wetlands. Undastanding of the fl.0"W conditions at the fishway will assist in the development of 
an operational plan for the fishwey. The flaw was mtinitnred during 1997 and in conjunction 
with the local meteorological conditions and water level records at the end ofLake Ontario. 
Purthmnore, an understanding of the sediment discharge at the fishwayis ne'edet_i to help delineateltlle 
sediment loading ofthe wetlands. Documentation ofthe cumulative ofthe water the 
wetlands will assist in addressing this issue. 

Next Steps l 

Theresultsof‘themonimr_ingpmgrammearebeingfirwardedtotheDepLoffiisheriwandoceans. so 
thattheinfmnmtioncanbcincmpomwdwimdammfishmovanaltandsedimentlmd



Abstract 

'I‘heflowtlzroughtl1eCootm1?aradisefishwaywasmonit:>redfi-omApriluntilbece-lnherl997. Theflow 
washigmyvariablemndtypicanychangeddirecfimsevetallimeseachday. CcI.lI1i8!i80nwitl1local 
meteorological andwaterleveldatarevealedseveralinterestingfeamres. Outflawevenlsoffourhoursor 
greatetindurationwaetypicauyprecededbywmdevwmwimmeasnerlypompmentusuallylasfingat 
leastsixhours. Simflulymflowwenmlmgammfumhmnswaetypicallypreoededbywestatlywinds 
fora_tle_astsixhom's. Thexewasafidalwmpmtaatmtheflowasweuasevidenceofflelmholtzresunagce 
bemeenHgmflmnHarbaumd1akeOnmri0,andmsmmcednemmeexchmgebetweentheharhour , 

andCootesPa:adise_. Theesdmatesofflleumuhdvedischargedeaflyshowthatthaewasnetqutflowto 
Hz_1miltonHarbourdu1ingeachdeployment.ofIheinstrmnents.



Flow at the cootes Paradise Fishway 
MG Skafel, National Water Research Institute, , Burlington, ON, L7R 4A6, Canada 

Introduction 
Afishpas'sage_oontrolstruenneorfishwaywasbtifltatdreoufletofcooteslhradiseintofiamilton 
Ha_rbour.andbecameful1yoperationalinl997.’l‘hepm'poseofthefishwayistopreventcarpfi*om - 

entering thewetlandsanddestroying aquatic vegetation. However. manyotherfishspeciesusetltetnarsh 
as-spawning. nursery and feeding habitat and an opérationalplan is needed no facilitate their movement 
pastthe fishway. During 1997, the fishwaywasinsmnnentedtomonitor theflowand other relevant 
variables. Fishmovemmtwasalsomonimred (independently)atthe fishway during the samepferiod.so 
thattheflowdatawillbeavailabletooorrelanewiththatdata. Thedoctunentafionofthefloweonditions 
willheofuse:indevelopinganoperationalplanforthe1'ishway. Inaddifiontheamoimtofsediment 
loadingofthecootesmradiseisauissue. Thecnmulativedischa1’geofwaterfi’om_CootesParadise,- 
esfimane.&ommeflowdam,wiHassistm,addressingthesedimentlmdingissue. Thisreportdescribesthe 
findingsofthetlowmonitoringprogram. 

' 

.. . 

Instrument Deployment 
TheflowthroughthefishWa’ya.n€.1¢!_ina1cdru1ecting_A MParadiseandHamiltonI-Iarbourisnot 

Thatistnsay.thereisnosn'ucture.n:stmalorman-made.tlnatoornstrainstheflowinsucha 
mannerthateonventional dischargemeasurernentscanbemade. Itwas decidedtouseatwo-axis’ 
(horizontal) current meterthatwould simultaneouslymeasurernagnitude and direction of the flow. In" 
addition to the flow. temperature and optical backscatta’ (to obtain a.measure-ofmrhidity) werealso 
monitored. The threeinslrumentsweredeployedfromApriluntilNovemha' 1997, approximatelyin the 
middleofthefishway. Thetwoaxiselecu'omagneticcmrentmeterwifl1itssensingvolnmeat0.6 times 

asindieatedinfigmel. Thecmrentmeterandnernperannesaisorwereloggedeveryzominutesgeach 
value representedafive-minute average of dataeolleetedatone samplepersecond. 'l'he.optical 

b‘ackscane.rwaslogsedonceevery20minmee Becauseofdtehixhlevelofbiolosicalactivityinthe 
thesenso_rswere‘cleanedonceev=¢vweek. 

Thewholedeploymentwashrokenupinm9individualdep1oynIents.usnallyseparatedbyaday0rtwovo 
servicethecu_rrentmeter_. Forthefirst.seeondandpart‘ofthethirddeployments.themeterwas 
suspendedbycablebetweenthefishwaydeekandananchoronthebottom. Forthelastpartofthethird 
andther¢tnin¢1erofthedeployments.themewrwassuppmtcdbyafisidfiameanachedwthefishway 
deck. Thesecondpmofmemnddeploymmtwmaminawdwhmnwasdimomedmatmemnent 
meterwasdamaged. Itwasrepairedandreturnedtoservice. Thetimeperiodsofthedeploymentsare 
summarizedintablel. _ 

NearmeatdofmemeasmanmtpaiodapamueMmshMcBfineydemmagneficanrmt-memrwas 
usedtoxakecutrentprofilesonceeaehdayforaboutdlreeweeks. Fourteenstatinnsacromthefishway 
wa'em‘onitored(seefigure 1). Ateaehhorizontalstationonemeasm'ernent‘wastaken0.5mbelowthe 
surfaoe,oneat0.5mahovethehonom.andoneapproximatelyinthemiddleoi‘fl1ewatereolnmn. The 
flowwasmonitoredforahonnoseeoudsforeachmeasurernentandarepresentativevaluereeorded

' 

manually.
‘ 

Other Data Sources 
To complement theflowmeajsurernents. tneteorologiealVt_heNWRImetemtologieal stationatthe 

at.theBIu'lingtonPier.wereohtained. 
thel-hAmiltonAi1-port. Themeuemologicalchjawaeavaflahleeverylommmamdthewaterleveldam 
everyl5min,nte8_0teVery‘ho1n'j. 

'

. _



Results ' 

Histograms of Flow Direction 
Togetanoverviewofmeflowinmefishway.histogtamsofmenumberofflowoecmratces,asafunction 
ofdirectionmereplottedfioreachdeploymellL1heappIWKimaw<riattationofdlefishwayis2()°e1Yne,so 
thatinflownormaltothefishwayaxiswouldheat -'70°'l‘rueandtaltflowat_ll0°'Ihie_. 
fishwwkmhnedupMmmeadsofme¢mndamnecfingComesPmamsewhhlEmflmnHnhmu.'h 
ismbeacpwteddmmeflowdhecflmsvdfldeviatesmnewhatfianmesemndirecfions Tllefirstand 
folmmdepbymmthismgrmsmeshmmmfigmeflaflhimgmmsmedlowninmeappmdix). Itis 
clear_fi'omdmeplotsIllatthecurrentwassIronglybipolar. Indq’lloym‘fent#1 
-60andl37°True;irt#4tlleywue-l9and187°1rne.1hepeakdireofims£mdeployment#lare 
rmmnablydwemmedheofimsnwmflmmefidlwaymdmayhemkwurqnwmufiwofmflowand 
outflowrespectively. 1heshifi‘mdlerecordedpeakdhecfionshaweendeployments#land#4occmred 
sometirneduringdeployment#3.Thedirectinnresul1sofdeployment#3 shawedtwopeaksineach 
directionthatcouldnot.beresolvedintermsoftime,sothatdatawerenotusedinthereiilainderoftlie 
analysis. Theshiftindirectionresponseisbelievedtobearwultofthechangeintlle-lnel1ermollllt.bllt~is 
not totally resolved, There is. however. no doubtthat thepeaks atless than l00°'l‘ were inflow and at 
greatervalues wereolltflow. Intlle Sllbfsequflltanalysisofthedamallflowswith angle-lessthan50°were 
assumed inflowfordeployments 1 and2and_lth_an l00°"t_'ojr deploym_ents4t_o9;anglesgreaterare 
assumed to he outflow. The mean flows, in and out, for each deployment,-andare 

along with the mean in ta.b.l_e2.
" 

Time Series - 
A

. 

Thetimeseriesplotsof vafiables‘finaHdeploymenIshavehea1preparedmdareshow'intheappa1dfiL 
An example of the beginning of deplcyment#l is showin figure3. The most noticeable fieatureis the 
frequent reversal of the currentdirection at the Fishwayv(this segmmthappens to be one of the clearwt of‘ 
allthetimeseriesintermsoftheregularityoftheflowrevasals). ForexamplB,dIl1'ingDay 109 thereare 
8incidents of outflow and7inflcws. Tllewilrdtwasnloderaneoutof the north. Therewerenunierous 
small(lessthan3cm)variationsinthewaterlevelattheBnrlingtonCanalanduponcloseexaminationit 
appeammatmostwumencesofoumowswuelmkedmfamngwatalevelmadeaeasemtherateof 
riseofwaterlevel. Outfloweventsappearedmlagthewaterleveldropeventsbynptoabouthalfanhour. 
withconsiderahle Water temperalnredat_a(shown on-the plotsinthe appendix) showed 
indicationsofflowreversals. « 

The optical hackscatter sensor (OBS) was opuational firm deployment #3a through #9. Examination of 
the time series (see appendix) for this senswshows clearlyIhat“thesensor~was adverselyaflfectedhy 

_ _ 

fouling. It, alongwith the current meter. was cleaned on a weekly basis. Nevertheless, its output typically 
reechedsaturation levelwithin afewdays,rendaingituselessexpectforthemostqualitativeanalysis 
during the shortpetiods the output was not saturated (saturation corresponds to complete backscatter, 
attributed to heavy fouling-of the lens). 

Extended Outflow and Inflow Events 
Extendedoutfloweventswereexlractedfromthetiliieseriesandarelisted'in table3.‘lnthisexerci_se 
events that had outflows for more than four hours were and on water levels, wind, 
andrainfall wererecorded. Theinformation in table3 wasextractedfrom thetimeseriesplots visuallyso 
are descriptive rather than precise. An important feat_ure‘t_hat‘emerges=from this summaryis that the 

level at the pier usually dropping outflow event (about 80% of the events). 
The water level was steady for 20% ofthe events. The wind conditions werenlo're variable Broadly 
speaking. the wind was out of an easterly direction for about 62% of the ‘events and out ofa westerly 
direction the However. the wind events had an easterly component £0: 80% 
of the events, often for more than l2.hours This level of occurrence was the same as that of 
fallinse level. Rainfall during an event not only for about one quarter of the 
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events. Thetimeofdaywhentheeventsstartedshowapatternindtatlessthan10%startedduringthe 
daytime. 

Extendedinflovieventswetfesimilarlyextractedfrmnthetimese1iesandare;listedintable4. Typically” 
theeventswer‘e1es’snumerousthantheextendedontfloweventsandwereofsho:-terdtnation. The 
sn'ongestcorrelationisvvithwaterlevelfisingattheBnrlingtonpier. 0fthe20cvmtsthcwaterlevelwa‘s 
risingfor-llandsteadyfiortheoflnerone. Thewinddirectiondttringancventdidnotshowztstrong 
pattermbntthewindfcnatleastsixhoursfltheeventwaswesterlyforl5ofthe’20eVe11t3(75%of 
the events). Astrikingfeantrewasthat the events typicallystartedajrou_ndn_1i_d-day(12 titnesntabout 
l600GM'l‘and3timesatabout1800GMT:75%oftheevents). 

Frequency Domain 
Promfigure3itisapparentthattherewetefi'equentquagi.regularreversalsoffl1eflow’atd1efishway. 
Theflmesetiesoftheflowandtltewaterlevelswereanalyzedinthefieqnencydomaintoinvestigateany 
linkstolutowdtivingprocesses, Thefloiyspectraarep;Bsen!e.dintheformofrotaryspectra(Gonella. 
l972:Raoetal., 1977). Therotaryspecunmtechniqueisusedhetemnfymdetectrmnfimthatcmtldbe 
attn’bntedtoglargee_ddyoreddies’inthefishwayarea. Ifthepeaksinthetwodirectionswereofdifierent 
t_r_tagnitujde‘it would ‘indicate the prefierenceforonedirectionof rotationovathe other, and hmce the 
likely occurrence of a persistent eddy. The spectra for deployment #1 are shown infigme 4a (all others 
areintlteappendix). Bomdockwiseandcounterdockwisespecnahavepeaksofmesamemagnimdeat 

14.3,s.3and3.1 homs.1'hereis’noindicationofapreferreddirectionofmtationinthe 
f1owrev'ersalsforthisoivallmeotherdeployments.indicafingfl1atfl1erewerenolargeeddiesdetected._ 

'I11epeal_:vvelocityreversalperiodsandwater_level.periods forall the deploymentsaresummarizedin 
tahles5and6. Bmhflowandwata'levddearlyshowwhatappear‘tobesanLdimnalosdflafims.md 
the firstharmonic of the semi-ditnnal. Theflowhas several otha shorterperiods, most notably around 
3.2hours. . 

Cross-spectrawerecalculatedbetweenthewaterlevelattheBur1ingtonPien-andtheontflowatthe 
fishway. Thisanalysisshowswhere,inthefi‘equencY,d0m3in. theet1et'gyiscmcentr:ttegi(sjtn'iJartothe 
rotaryspectrum). Italsoshows.thronsh.thecoh;era:ce.whetherarnqtpaixsofwiafiablcstarereltitect

» 

DeployInent#liss_howni_nfigure5. Iheperiodswhet-ethecnhetencewashigharelisted_"in‘t§hleTZ. The 
predomman' 

. i 
I'idea'nc1thefir‘stharmomc"." 

‘ 
ofthetide. iwoaddidmaldfivins 

mechanisms investigated: Helmholtz resonance
’ 

et_al.,l974) andexchangeflows 1997). Freeninneta1.répottedtheperiodof.'Helmholtz- 
resonance-f0rHflIflilfi0ttIfIarbonrandtheopenlaketohe2.5hrs. ’l1netnethodot.l-hmblinallowsthee 
esuma’ tionofthepenod' <ofeutchan"geflo‘wsbetvveen‘ 

’ 

..
' 

Harhour,CootesParad1sc,_' 
’ 

A 
andtheconnecnn" 

' ' 

wasestitnatedtobeahout1.8'hrs. Iheflowdatashovzsnonteeyideitceofhomphqamnatmunmostof 
the energyisinthetidalcomponenm. . 

Cumulative Discharge . 

'l‘het;irnes‘egiesoftheveIocity,takenwiththecrms-sectitmalareaofthewateratthefishwaycanhensed 
toeslimatethecilinulativedischargeatthefishway. 'l‘heflowwasonlymeasntedatmepointinthe 
cross-section,andtheflowisassnmedmhenormaltoflteplaneeofmefishwaxsothatmaeis 
considerabletmcertaintyintheestimates. Nevertl:eless.theestimatasgivesuntegnitm1ceastpt_he 
discharge. Bommemtflowmdmflowcmnmafivedischugeaswdlasthenammmafivedischnrgeare 
yplottcdversustimeforthefirstdeploymentjinfigureé. Thisplot-graephicaflydepict;v;tl1eoscillatm'y'nimne 
oftheflowaIth_efishw‘ay,andshows"that,althonghthereiscmsidexahleflowinbothdirectinns,thereis 
suhstantiallymoreontflowthaninflow. Theplots.£¢n'thetnha’deplaynta1tsareintheappmdix,



Comparison with the Portable Current Meter’ 
Dmingmehua'putdmefiddsamn,smfofdI6R0nlBGaficalGmdutsmedapmaueMmsh 
McBhneyanraitmetammeasmemeflowmmteedeVafimsatl4aafimsauossmefi¢way. 'l'he 

dewfimswuem05mahowmehommn.05mhdowmemteraufaw.mdappm:dmamlymemmme 
oftl1ewaterooltnnn(esdmamedvisuallyattlIetiIneofn1casmeInettt). Table8showstheflowmeasuredhy 
theportablemeee:-atd:emid—depuxatthetwostations(9and1o)thatIaac1aeteduretixedcurmentmeter 
andtheflowmeasmedhythefixedmeter. 'l'hesestationsweneinahout4.3mofwate_rsodtatthehand 
heldmeterwouldhaveheenahmnhalfamaaahovediefixedanrentmetai. 
enoughmatmeflowammheatpecwdmherwgldymesamemhemomm-depmlocalinnsfntthe 
pta-tablemeterandtheiixedmeterlocation.giveusteadyflow. Thefixedmetertimedtatwaseloseato 
theestimatedportahle-metawimewasused. WheItthereadinpatsIatitat9andstationl0di1_iel’eKlby 

' mmemm50%ofmemaflareadmg,mommefixdmaHvduesmembulamdwhichhmkewdmfime 
theportablemeterreadings. Ihepossihilityofflowreversalsatdtefimeofdxemeasmanentscandiilsbe 

Ingmaflmaeisrdafivdymtnuarespmdmwhememmemoradingsmkmwimmepmmhkmewr 
atstati_ojn9and l0,eventhoughdtereadingsweretahenwithinaminuteortwoofeachofltazoutofflte 
fourteensetsofportablemetetre.adins8atstalions9and l0,tl1etwodifl’etedinsevencaseshymoretl1an 
50%ofthevalueofd1estna1lerreading(Inmecasetheflowwasintheoppositedirectioni). 

Iheagteement-isevenworsehetwemmefixedmeterauddtepomblemeter. Ofthetwelvecomparisons 
hetweenthetwometermtheflowwasintlteedirectiontentimes,eighttimestheportablemeta'read 
high,audtwi0fethefixedmetejrreadhi'gI1.0f'the¢is|It.threeshowedlargedifferettcesbetweenstation9 
and10suggestingvafyinsflowconditionsandpossibleflowreversal.thiswasnotsupportedbythefixed 
meterreadingsintwoofthecases,hutsomevmiafimindtedtirdwasobsa'ved. Oftheitwowiththe 
fixedmeterreadinghigh.onesuggestedflowreversalfiomtheportablemeterandwasnmconfimedwithV 
thefixedmeter. Ofmetwocasesweremetwometersindicatedflowmoppositedhecfimsfitefixed 
meterdataindicatedaflowreversalinonecase. 

Calibration of the Meters 
The National Calibration Service,.NWRI. calibratedboth the fixed Neil meter and the 
Marsh McBi_rney meter; V'I'hepre-field calibration for thetNeil Brown meter for The 
post-field calihratioit indicated that the meter was reading up to 10% hiahat the end of the but 
there was no indication that the direction sfensitivity had changed. The portable meter 
equation was found to be:

‘ 

V = o.974(Indicate‘d Reedins)+0.0127 m/S. 
where V is the-actual velocity ofthe This equation indicates that the meter reading 
gives the correct velocity within about 3%. It was noted that there is an ofiset of -0.01 m/s when the meter 
was at rest. It should be noted that the calibration is only valid when the meter is properly oriented 
into the flow. When the meter was turned so that ‘it was facing away from the flow the indicated 
reading was only about one-half of the true velocity. ‘ 

Discussion 
The flow at the Fishway was predominantly The histogram plots show that thetlow was in 
andoutofthe fishwayandthatthaearemoreoutflowoccurrencesthan inflow. Thatthis shouldbeso 
can be understood hyrealizingthattthe meter takes arecord every zominutes and many outflow events 
last longer than that so they are as multiple occurrences. 

Examination ofthetime seriesprovidedausefultool in analysing thedatafrom allthesensors andin 
delineating events. Itis evidentfrom these plots that therelationship of theflow with possible dominant 
procwseswaseomplex. Whflemajmrainfaneveatsdidappeatmhave~aneffect(primmflympro1mging 
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outflow events). wind and water levels clearly played the majorroles in the extendedevents. 
Theternpaannedfitamaybeofsomeusein identifying waterfrom the wetlandsortheharhour. For 
example. short inflow 01' event's may simply retmn water to its previous location and wouldbe 
indicatedbytninororno ofwaterwouldbemarkedbysignificant 

changes. . 
. . 

Tabmaflmofmeextmdedmtflowevmtsshowedmmmeywwewencmrehmdmmewammceof 
easterlywindevents. Abmt,80%ofoutfloweventslmgerthan4hoursdurafionwereprecededbywinds 
withaneasterlycmnponentforatleastsixhonrs,andwereaccompaniedbyfallingwaterlevels, The 
latterappeartobeduetowinddirectionchangesatordnringtheevent(usuallytoawesterlycomponent). 
In simplefterms it appears that longwind events with an easterly component set up the west end of the 
lake and harbour. Ashiftin to a westerly component causes the lake and harbour levels to 
drop.promotingasignificantoutfloweventatthefishway. Only l0%oftheeventsoccurre_dinthe 
daytime. 

Asimilarobservationcanbemadeforinfloweventslonguthanfomhotn's. Inthiscase,75%ofthe 
evmtsareprecededbywindswithawesterlycanponentfinmmethansixhmns. Ita‘ppea'r'stha'ttheV_ 

westerlywindsetdowntttewesternendofthelake.helpingtodrivewateroutofCootesParadise. When 
thewesterlywindtelaxes(eitherbyadrd[iinsf)eedtn'changeindireetion)fltewal£tinthelakeand 

forcing v'vater’into the wetlands. (75%) of the events occurred around mid-day. 

Thewinddirection atfltefimfingtmpiercanheusedasagtudefirepredicfingmtflowandinflowevents 
longerthanftnn-hours. When thev?vintlhasaneasterlycomponentforsixhoursormore,itcanhe 

that. thewindshifis toeontaitt aw,esterlycotnponent, an outfloweventoffonrhoursor 
longer may (80% of the outflow had these conditions). Similarly westerly 
winds for six hours or more t_n_ay_lead,to a inflow (75% ofsuch events had these wind 
conditions). A quick way to thejprevimts 24 Of Wind is to access the Environment 
Canada site at: <http://www'.nx»,ec.gzc.ca/forecastsIretro.cgi?city=l3ur1ington&;provinceg=0ntario> 
Altematively,themeteor0lO8iC3_1d8_ta1i’olI! 
of the flow data the should be made to ensure-that there are no biases compared 
to the Burlington pier 

To put the frequency of the occurrence ofthese extended events intoperspective, note that'thet_ot_al 
deploymentwasabontmédayslnng. Therewere46outfloweventsand20infloI:veventsof 
duration orlonga. Iha'eforemava'ageeid1u'onemtheomu'onlyocctnmdahoutmceeva'ythree 
days» 

Shurterperiodflowreversals.d0notappemtoberelateddirectlytoa11yohviol1scauses.rathertheyare 
likelyfreeoscillationssetupbythelargerwinddrivenevents. 
thattherewasatidalcomptmenttotheoscillatimsaswellasaharmonicofthetidet Stnneevidettceof 
both Helmholzresunanceand ofexchange flow resonance was noted in the flow but me energy‘ in 
flteseosdflaflmswasumfllyqmtemnfllmmpamdwthefideandfirsthammicofthefide Useofthe 
rmmyspecnmnmalysismdicamdmmtmaewasnoprefiaralditectitnloftbtafinn éndhencetherneter 
wasnotlikelyinapersisentgyreoreddywithinthefishway. 'IlIehi8|!0ohett‘;nce'hetvveenthevvat’a'level 
andthetlowatthetidalperiodsindicatesthewaterlevelinthelakeisanilnpfxtamfiwttxintheflow 
revasalsatthesepaiods. 

-Ihemmmafiwdischmgefigmesprofideamnmaficflhnuafimofmeflowwvamkmmefishmy. 
Iheyalsoindicatethatthenet flowdlrriitgeachdeploymentwasontofthewetlandsintotlteharhotnz 
Thenctontflowwassigttificantlygreaterinthespringandfallthanitwasduringthesummaxwhenthe 

Whilethedischargedatacanheusedwith 
thenetdischargeofsedhrtermcaufion mustheexercised, onlyone 
flowmeasurernentinthecrosssection (aIheitthemostappro1niatelocationvvaschosen),_sothatthe 
variafimmflowaamsmechmndmdhatceaccmamesfitnatesddiximgemnnmhemde



Fmmamuemaeisaquesfimoffilnfimddwmdhnmtbwusdmixnlgofinflowmghabmnwatw 
Finally,tntlseany'sedimentsample_stilat 

wu'eukenatthefisht9Iy.thefimeoffllesedimaltsamplesmnstheunehnedwim inflowandontflow 
events tlodelel'lnil‘le if;dl_e samples repl'esellthalhnurwatel'orwellands<water. 

Ihenewaspooreomspondexloebetweenthepormhleandlhenxedmeuex. Indeed,fllefewa881..80IJ0or 
amespmdmcebewnmhalfofmerudingsofmepmmmemetauadjacmtsmfimsmkmwimma 
lninuteor.twoofeachotller. Itisclearthatdlepmtahlemefiermnstheusedwifllglealcaufimbecanseof 
therapidandfiequentreversalsinflowdirectinnatdlefishway. Itisquitepossiblelhatlheflowmay 
revetsebetween thefimeaprfileisstm'tedandwheIl‘itisfi_l_lished, Themetermustheproperlyfacing

' 

theflnwwhwukinga'mding;auflmefiowdkeefimchngawhflefhem9hrkhehgmed.&e 
operatu-smustntnkedlenadhgmawhgflnmeurkurrecflyfadngtheflowfwfllehn 
dmathmoffllemeasnrement 

conclusions 
TheflnwemdiflnnsattheCmtesPuadiseFidiWaYWQt¢mmitmed&omApfilmNmanhu 1997. The 
flowwascharaclaerizedbymanyreversalseachday. Bxllendedperiods(greaI5ju'than4hours)ofout:flow 
wereprecededin80%.ofthecaseshyalleastsixhomfs0fWindswitllsomeeaslerlycomponent(NNB 
thronghSSE). Fln1herlnore80%oftheextel1ded0utfl0W088¢S(fl0t%1WflYSfl1e~samecasesasthewind) 
werea1soaccompaniedbywate.rleveldecreasesattheBu’r1ingtonPier, Theoutfloweventsusually 
occlnredatnight (90%). Bx1endedinflnwevalts(morethanfimhonrs)wereprecededbyweslerlywinds 
for more than 6 hours and almost always withrising water levels at the lsurlington pier. and usually 
ha'ppenedaroundmid—day(75%). Itwonldappearthatthewinddirectinncouldheusedasapredictlxof 
extendedquttlowandinflowevents. ShorterpexiodreversalsWérerelatedtotIletide,I-Ielmholtz

‘ 

andexchangeflowresonance.althollgh the energyin Thedischarge 
datavcanbensedtogetmughesfimatesofsedimaltdischargefiomtheweflands. Calltionmustbe 

interpretinwotreadinsstalnenwitlnaportabiecllrrentmeter. 
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‘Direction dtningtheevenngtlnearrowindicatestlie winddirectionchangedfrom thefirstmotheseoond 
direction before or during the.event_. 
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- 
V
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‘Direction conditions before event ('B’ means with an easterly component, ‘W’ means with it westerly 
component).

_ 

’ApproximaI:e: determined visually from the time saies plots. 

Table 4. Extended inflow events than four in 
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Table8. velmidwmeasmedbymepmhbharrantmaummfimseithergideofmefixedmexa,and 
bytheflxedcin*rentme1ter.atapprmdmaue1ytl1esametime. Iheshapedpgrmblemeuexdmesdegzotgmgx 
thcreadingsfiomthetwbstafionsaredifl'er6ntbyn1m’ethan50%nftheg1nallerreading; thefixedmeter 

(Julian (1 9 I 9 
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’These‘velocitiesarespotreadings:assoonasthereadingappeaiedreastmablysteadygtheiraluewas 
recorded. '
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Figure 2. Occurrences offlow greater than 1 cm/s by direction: a) Deployment 1, b) Deployment 2. 
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Appendix
A 

Theappendixconminstheoomplemsetoffiguresfman fl1edeploymcnts:hismgramsofflowdirecfion: 
- fimesericsdamfimnanmesa1mm;mmyspemg;wspecuaofmeoutflowmdmemnalevek . 

cumulalzivedischarge. 

1he'fignresthatfollownextarefl1ehistogramsofflowdirecfion foreachdeployment.
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