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CURRENTS IN HAMIL'I‘_QN 1999 M G Skafel, 
ABSTRACT 
TheamcnmmEhmihmHarbmrwaemmsmedMmmADCPfibmavessglwhkhqmsedwaaluge 
P0El?ti0n0fthe4harbouroi114A13fil.19\99. 1nevenica1suncu;rmf.theflowwasrevea1edusinsonemeir¢ 
high ave-aging for the -Surfnice flow generally followedthe wind directions prevalmt on the day: 
whfleasignificantreqrnflowwasobsuvedhzdledeepcenualarmofflieharhom. 
\vasalsodeployedne'arRandleReeffo1'fiveweeks. 'I'heflowatmismecerwas_ga:e:alsm.alLbnt ‘ 

pétsi§te‘ntlyi‘ntheoppositedirecfimmme'whlds.@esfingfl1atfl1aewasaregnnflowoppositein 
difecfimmamlthceflow. Ihqewasevideuceofwaveactioncausedbywavespropazatinsintothe



RESUME 

Les ooulants d_u port de Hqmiuon ont été mesutés au moyen d‘un ADCP (pmfileur de oourant a 
effet Doppler) installé 9 bond d‘un navire qul a pamouru une gmnde partle du port. Ie . 

14 avril 1999. La structure vetticale de l‘é”coulernent a été établie 9 |'alde de fenétres de 
‘moyennage desedonnées d'enviro_n u_n métm de hauteur. Uécoulement de surface suivait 
génémlement Ia direction des vents dominants ce jour-Ia; tandis qu'un important écoulement de 
netour a été observé dans la partie qentrale profonde du port. Pendant cinq sernaines. un 
oourantométre fixe a aussi été moufllé du técif Randle. Uécoulement a cat endroit était 
généralement faible, mats se dirigeait de fagon persistante dans la“ di_rectjon gpposée aux vents, 
oe qui évoque In presence d‘un écoulement de retour dont Ia direaion est opposée A celle de 
I'écou_|ement de surface. On a abservé un mouvement d0 aux vagues se propageant dans la 
pott a pattir du lac Ontario, mais que «:9 r‘nouv'ement était de trés faible amplitude. 
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CURRENTS IN HAMILTON HARBOUR, APRIL-MAY 1999 

Management~Perspective— 

ThcRmnediflAcfionPhnmtHamflmnHarbdmmflsformdimdmmi¢fl!lmdsmdmmvudmnw 
conmminamsaidsthemanagementdecisionprooesi - 

Asynopticviewofhalboujrcuncnts,otmpledwithanextendedtimesserisofcunentsatonelpcafionhas 

vicinityof%R£ndleR§e'f; 

Additiisnal are-planned for 2000.



COURANTS DANS LE PORT DE HAMILTON. AVRIL-MAI 1999 
sommaire a I'intention de la direction 

Le P_Ia'n d‘assainisseme'ni du port de Hamilftfon exige la reduction des apporis en substances 
nutritives et l'extract_ion de cerlains-vsédiments oontaminés. Une bonne documentation des 
prooessus responsables du transport et du devenir des contaminants faciiite Ie processus de 
prise de décision quarit a leur gestion. - 

Un aperpu synoptique des oourants du port, joint 5: une tongue série ohronologique des oourants 
a un endnoit, ont été tnés pnécieux pour comprendre do rintérieur‘ Ies fnécanismes de transport de 
ces substances dans tout le port at plus précisément aux alentouls du récif Randle. 

on prévoit effectuer de_s mesures supplémentairos en

.

.



CURRENTS IN HAMILTON HARBOUR, 1999 

M G Skafel, AERB 
INTRODUCTION 
Aj_oint~sti1dyvs?ithCI-I,Mar‘VAin(A_ERB_)andETHowell(MOEE)wasundertakantodevelop 
mgmwohgymresnlvenendsmmtaquafiwhwwsofspafiflmdfimpmflvuhbflfimwdflefmme 
qnrmtmamsofcmmmmmthvdshHamfltmHubomanhwwat§r;w_devdopmokmp;edipt 
I:ra_1ectnnes' 

' 

ofwater.ma$eswlnch' 
' ' 

(_Marvm_ etal.2000). Tothatenda 
launchwasoutfitted withasuite hydrocarbon fluorimeter: 

acousticnopplercurrentprofila-(ADCP). Alldevices 
produqedreal-drnedata.whid:.wha1calitnned.gnvereal-fimeconcenuafimlévelsofanilixlberof 
¢pnmmmmm,_mdyafimlmcfilesofmeflow.aHflmgawufimeha1dwqdsepaqanmHamflmn 
I-Iarbouronl4Aprill999. Afldamweregeo-xefgrencedusinsanm-hoarddifierenfialglobalposifiming 
systefm(_DGPS). Inadditi¢n.astafi0narymmentmeta'wasopaawdatasitenemRandleReef&o;h 1~3_ 
Apzilto17May1999.toaddawmpcral¢fimmsimmmecunmtdam.1hec:nra:t‘data&o:fiu1eADCP 
andmefixedmmdnmetamesummmizedinthisrepmgalmgvdmflaewindmndifinfls. 

' ATION 
ThcRDInsu'uma11sADCPusedonthisa'uisewasa1200kHzDirectReading 
Doppxercmraunofiler.nwasmmmneaovexmesixpgrmemuncnwimmeheaao5mbe1owme'wa;a . 

surface(Figure.1). tlyevcsselmothatitwasnecessary 
tocomputed1e‘compassdevi’afion(Eigure2)féralldirectionsandc<m'ecttheADC.?cnn'entdirectioti§fior 
tliis.aswdl.asfqrfl1emagneficdeclhl§fi0n. Thiswasdmebycomparingflnevessalvelqcitybasedon 
DGPSobservafionsandmfl1eADCPhotmmuack,‘bofl1avaflah1eategd1fimestep. Thisme.Ih.0d_'is 
mmq>fimemmmmuwdbywhdaflecmgm9ammdedmevwa¢Baame&cwmd8WGeH¢t 

(4lns)we.ré’used.itisbeli_eve:1fl1atthisso1nceof 
arorwasnotexcessxve. 

'I‘heADCPwassetuptoreun:nava'agecunemsin l.0mhins.o:ve:'dcalslicesofthewafl:I'column
' 

hencath.thevassel. centred ondepths }.82. 2.82,.-.v..24.82m.a1ceevay 10 Thedataweresmred 

Cunemsin 13mofwate1',justto1l1ewesfitofRand16Bfli6f(at43° 16’ 39"N.19°S0’ l7"W),,O.6mabove 
d1eb0tI01n.Wfl;‘el‘e0urdedfi'mn l3April’uo17Mayl999.usingaSmtekHydmsystm.1hissysteniisa 
uneeansaoms:zcpopp1e:cunan_me:a,wnicnnmeasa:esmenowi;:asmanvo1nIne(about2cm‘7)of 
water lsunfraanlhemetcrhead. 
flicpressxneandtgxnpafanjre, 1twasopera1o;di1Iabutstmode;‘512s::ansat2Hzeve|y2()11Iinutes. Itwas 
mnspossflalemseudlfirsmfacewavewamaswellasmeanmdlmgpaiodevans. 

-

' 

nunmc um cams:-: 
Thewindsw¢re1i3hIfimnlhewes;.wahgmmena'mwest;mrhgmefivehmnmfisecn14Apiil1999 
(Fism3).1heADCPmwiddhcfizmQlvdofitYmamfin®8fi2505l0flfimshfiehfiMWWh8 
thecruise. Ateaghlocafign.upm24memeuehighvafimllimwaesampled.dq)mdingmme at 

Toprofidc-reaflfla51Y8imP18fimmifYVi¢W80ffhisdm.8VG10fiIYV¢flG3WV°TY 
locafionhashemplonedmgmgpcfmchmhmnfdranumbaofhinsmavaagesofhins



Thesurfi:ceflow(representedbyfl:etopbin)isSllOV!IininFigure4.Ingenaal,thesurfaceflowovermost 
of the harbour. including Ann, lheprevailingowi'nd duringthe cruise, towards the 

1haewusasumgshmepara11elflowmmesunheastin1akeOnlarioatfl1emouthof 
thecanal. 'Ihebouomflow(represenwdhytheboumnmostbinscm1tainin880odd3fa)isshowinFi3me 
5. Thebottomflow,incouu'asttothesIn'faoeflow.hada8l1‘0ngwesterlyflowind1ecenu-eofihehgtrbour, 
whmhappeuedmspntnwrLaS§flePukflnmmgmmacmckwisemdammtacmckwisegyre ‘mere 
wasa1soasu'ongflowoutofW'mdermereArm. Theflowwasgwerallymixedelsewhere.TThefewasa 
su-ongbcnmmflowoutoftheeanalinmlakeonlario. 

The flow atinnea-mediate depths was examined by looking at depth-averaged The avaage» 
wasonlycomputed.ifd1a'ewerevaliddamatI1IatSifie- Fore-mmple.ifthedefined'depd1sarebelo_wthe 
measunedbotton1.adotisreniifneduod1eplot.gad1er»thangnanow. Figure6showsfl1eava'ageofthe2.82 
and3,8_2bins, Theumg1tspeedswexemwa'thmmeaufaceflow.bmfl1edhecfionswetesimflmh1me 
'cenu'alpartoftheharhour. Thae*wasalowflowoutofW’mdermereAxmatdiisd6ptlI.as~wellassotne 
flowontoftheharbourintothelake. FigIn'e7sl1owstl1ea1?e;1'agesf(:td1ebinscenu'edat4.82and5.82em 
depth. 'Iheeflowswenemixed.ecpecia]lyin;l;ece:mAalbasin, 'I‘heoutflowfroznWindermereArmappears 
uobeincreasingwithdepth. Atongueofnmhen-lyflowisevida1tatthen<xfl1Wésto0meI'oftheStelco 
P1’°PeflY- InFizI;re8,theaverageflowat6.82and7.82depthshissh0v_m. 'I‘lIecInI,€I1.tWassirni1fl.It0fl|at3¢ 
Ihedepthimmediatelyabove. Theaver‘ageflowfor8.82and9._82mdepthbinsis§1awninFigme9. The 
f1owwassrna1l.aiidr_nixed;i;_nhecenu'a1basin dnetewassomewesterlyflow (whichwasxnuch more 
predominanta; the bottom). Figure 10 shows the averageflow in the 10.82 and 11.82 depth bins; it was 
simi1arIntheflowshown.in.Figu_re9. Thewesterlyflowinthecemmlbasinandalcngtlnenqnhsideofthe 
Stelcopropertywaswellestablished. Iheflowaveragedatgteaterdepthsdowntodnedeepestdepthshada 
simflarcharacte1'uothebonomflovi(Fig‘uré5),arenotreproducedhe1'e. 

BOTTOM AT RANDLEREEF 
The wind condifionsvat the Bm'lington'Pierd1’1r_ing fl1eefiireweelgsthz_1tfl1eHydra cutrentmeterwas 
deployedaresurmnariZediI.ni1ewi1;dmseinF1gure11. N_otedIatfl1ewind'_direcfionisreporta_edas

V 

direcI'ionto,notdiree1;ion £rom.sod1a1itconforms‘tofl1ecmvenlimused_fo1'thecuuents. Thewindwa's 
predominantlyfiom the norlheastand east. Thenext nlostimpomntdirecfima was the the 
directiunattheesmrtaftheADCPcruise. 

The Hydra deploymentis summarized by theeuuentroseand the-u-ajeetm-.y. shown insFigure 12aandb. 
(lnthelrajectoryplot, thetimeseriesofvelocityatthemeterisusedtosiinnlateatrajectoryihatapgrcelof 
waterwouldhaveif,ateeachlimestep,ithadd1edve1ocitymeas;h'eda,tthecmrentmeter. Itapproximates 
tl1eI.ag1'g;gi:_111displacemen_toftl1eparcelofwaterbasedontheBula'ian»velocityatAtl1esi1eofthemetef. 
Thistechniquehelpsmvismfizemeefieaafmefimesequenceofthevdoéifiés-) Theflowatfllefiydrg 
was ihalldire_cli4ons,bjutwaspri_n1a1Ei1ytothenog'theast, tothe windeda!8.Fi8|lre_11. suggests 
d1atIheflow.a;thelocationoftheHydrametex'was:h1axeunnflowregimesinresponseuosmfaceflowin 
fllegenexaldirectionofthewinds. 

Thevectcxthneseriesofthevelocifiesmeastredbydgefiydraon14April1999areshowninPigure13. 
Theshadedblockontheahscissaindica;estl1efimewhentheADCPpassedc1osetofl1eHydra. Theflow 
atthefiydttasitewasmostlytothenanheastandeaston 14Apuil,butwaschangingratl1e1'raypidl‘yab611t 
thetimetheADCPpassedthea:ea. Thecurrentvectorsfi-omtheADCPduringitspassageclose-to'the 
Hydraareshowninmgure14a,a1m1gwifl1threeHydracInrentvectorsth£tbrackethintimetheADCP 
readings. The.ADCP results presenta complex, apparently unsteady, velocity field. which is confirmedby 
dterelativelylargechangeinvelocityatd1eHydradIn‘insIheSaInetimepetiod(40minntes). Figure14b 
sh_owsthedepthsoftt_1eADCPbottomve1ocitymeasurememsas'weJ1dasihehottomdepth,aswellasthe

_ 

samefortheHydra. Theabscissalengthis0.01°lnngiu1de,arabout.82Om.andthedepth1tangesfrozn 
about51:o7Dm,soflIebottomrelief'isqui1elatgein~Ihatarea. 
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SPECTRAL ANALYSIS 
‘I‘hedata_&0lntheI5IYdfaSYSt§mW&‘¢8n%1Yl°dinm°fi°qWn°Yd0'n3inW¢°Wmin°if3nYFYPi991dTW538 

Figure lsashowsthelbng-tetmspeciraofboth theeastandncnh velocifies. 
1The;eisevidenceofadiurnaloscflJafimandmeata_bm1t7hm1rs. Therewasmevidalcienffieesugfaoe 
modes o£LakeOntario(5.-2and3.2hoIn‘s: Raoandsdlwab 1976), the 
harbomfandopen lake (2.5 hours: Freemanet,a1,1974).ncz.exs;hangeflowsbetvveen Iheharbourand 

(1.8 hours: 1998. 2000). 

A_l_lofd1eindividualburstsofdatafromflxeHyrdawere—analyzed.andsori1ewerefonndtohavessnne 
energyatwgvepa-indstypicalofflneGreatI.akes.Fro1nfl1ese«spect;aitwaspossibletocstixnatefl1e 

Atypicalspefcn1nni8sh0WninFigure’l5b. Thewaveswerevery 
sma1Lbutdnepeakofd:espejcmn1nwastypicalfiumewestaneudafmneonmriodzringaneasuetlym 
northeastqrlysmmg. 'Ih_eyhavepropaga;édinthroughfl1eBurling‘ton ShipC’anal.acrossth9l_1atb0I!rtDthe 
site. Usingfl1isinfirmaflmfl1ebotmmsuessat3m(lypicalofthedbpfl1mRandleRee0 wasestimatedto 
beabout0.01Pa. Thisvdueisroughlyanu;deofmgnimdehssfl1anIh9¢fifiQ81V81u6f0r00h08iW 
sedimeptquotedinthe Iite:au:re4(S,toneandKrishmippan 1998, Ravens and Gschwend l999,Haralampides 
gLg;,1999). nism1ikdyflmWaVesmopagIafingmfiom1akeOnudowmfld‘resuspmdsedimentcn
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Figure 11_. Windrosefiom the Burlington Station for 13 Aprilto 17 May 1999.. Thecirclerépresents 

6.... m/s. Ihenumbercfhmniyreadingswas 840.
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Pigurel3. VectartiIneseriesofthevelocitiu_measuredbytheHydr_aon l4April 1999. ’I‘he$hadedb10Gk 
onfl1eabcissaindcatesthetimewhenIheADCPpassedclosetotheHydra. 
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