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INT RODUCTTON

J 

Thewhte:sofmmyoftheGreatIakesharboumhaveahighsedimentcomenuafion. ’I‘hisis~particu1ady 

mfirfioselmbomsmahmebemwustucwdamemmmofaqibumywfiflhhsalmgesedimfll 
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1oad.- 

Suchaharbomissimawdat 

PoitStanléy,1.akeErieWhereEfl1¢‘high-tiiedillmejnt isimmedianelyevidentuponvisual 

inspection. tlu6ughtheharbour.rwQive8 loadingsfrom sewage 

Anmdasmdingofmerwponseofmesedimenmwfllcwavésandmfimntsiseswqfifll 

forasse-ss1ng' theimpactofthep0l1utantsfromtheharbo"|u-tofllelake. 

Experun' entsw_e:ecamed' outinawaveflume’ andaci1c\flar,rotaun"g'Eflumetoexplm'e" thedeposmonal‘ f‘ 

chmacwfisficsofmePmStanleysedimmtmderdifierentwavemdcmentwndifiofls. 

demflsofmefiipfltimmlwweflneandtheresmmmdixmsedmdflwdommmtmwhanisms 
gdvefningthePo1tStan1eyEsedimcntI1Bp0Sili0fl8I¢identified. , 

E)TEl-‘MENTAL EQUIPMENT AND PROCEDURE 
I

.

I 

Sample"C0!le¢tion and ' 

Ape1immmymvesfig§fionofmePmSmleyhmbomwmmnd1wwdmfindfite8Wh¢IeIh§I¢W$ 
recmflydeposiredfinc-gminedsedimmtdnthehmboirbomngdwbmlhflwhltf. Wflflfiffind sfldimflll 

Asubmersiblepumpwasloweredmthebommoff 

lh¢Wh8Ifedge,hym§al};_{0f8h81!¢1h§ld_mPev3l8iXSilB88I0HHdfil0h8tb0lI'anduS6dDfiHflX)L 

Iab<xatory,wha'efl1eyweres10redat4°Cuoanestanybio1ogi¢alacfivity. Aftenhesedimentsettl_0:d,Ihe 

8flpemat8mwasdmWn0ff.andlhl6sedimel\lSlun'yWfl8W6l8i6WdH8iB8fl75pm-m¢8h8iW=t0IBm0Y¢
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thesandmdmmserfltmsandfiaefims. A£te:tl1eflmnewasfiI1ed_mheappmpriatelevel.asuitab1e 

amoliiltof agiw " ‘ 

‘entshmy’ 'wa"|saddedtnlhewam v'mobmm' sed1m' “entconcentratlon_ 
'

. 

W878 Flumé and Instrum‘ ' ' 

91118501
‘ 

ThewaveexperimentswereconductedintheSmg11W_aveF1t:_meintheHyd1aqlicsLabmatoryatNatinnal 

Waterkesearchlnstitute (SkafelandKxishnappan,-1;995), Theflum_ei_s 13mlongby0.3 mwidewithd.5 

mhighwalls. Waveswflfighnfinwflwiflaasuwmnmfledhmgflflpfiddle-Thespendingheaehatthe 

down-waveendoftheflumehadaslopeof 1:10withslatsabout2.0anby2.0cminciosssection 

extendingupitsface. Eight200LbanelsofthePonSmnleyharbomwater,mppedt1p_wifltfombanels 

otdisti11edwater,wereusedfortheexperimentsreportedherein. Sfillwata'depthinthetestseetionwas 

maintainedatadepthof0.15m. Thewatersurfaceelevationwasmeasuredaboht0.5mupwaveofthe 

mmpfingsmfiwwimthee’wpacimncewhesmwgedmpamRreflecfimmmmunmm(Mmsardmd 

F\mke,1980),mtervdmhywasmeasmed03mdowwayeoffltepHngsmfimwifl1aSmwk 
aeomficdopplacmmtmemnwflhmesumfitgvohmepoflmedzflmabmethemmomofmeflme 

The sampling station to monitor the suspended sediment concentration and the in situ suspended particle 

sizewasestablishedatadistanceof6.0mfi'omthewavepadd1e. Thesamplingportsconsistedoftwo 

pipesofnominal4.0mminsidediameter,25anoneifl1ersideoffltecamee1h1eof-thefltmeextmding 

l1i>fm1i1thebqm0xti5.0cm. Thepipeendswaeflmedmformpormwifltminimalflowdisunbancefln 

themmfingflumemeponyasafipedinwmeflowmflmesamplewithdrawniso-kinetically-fltisisuot 

P0.88.i\>1ein0S¢i11nfin3fl0YI). 1\voh0tiz0fitalDl!il=8.di8Ifleh=r2.0cm.Wé1'eanachedwthepm1fimthe 

pa:fic1esizeana1yzer,oneflushwid1theflaredendo:fmembetheother4.0mmabovethefirst. This 

tnodifiéationwasputinplaoetoseeiftherewaseanefiectonfltemeasutedpsrticlesizedomparedtothfi 

openflaredpon. Therewasnomficeab1edifferencewid1orwithommephtes,sotheywere.leflinphce. 

The sediment size was a Panicle Size (MESA). which 

en the light principle (see Weiner, 1984). Continuous in sizu measurements of the 
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flocfizeswaemadebyfi1omfingmeMPSAimmedbwlybdowfl1eflumesofimmeflnw-flmnghsenéor 

vmslocateddirecflybelowthepon. Thesedirnefutsuspe1osionwosd;gwnoontinuouslyfi'omfl1cflumeby 

gmvitythrough |.’ne4.0 mm tube, the_sensor, than into alieseirvoir and into the flume 

downstreamofthepon. Thelengthofthembev)asminimiz.edtoavoidflocdismiban0e.8ndthe 

withdrawalratewasjustlflrgflenoughtoflvqiddfipqflififlflofsedimentinflxembw. Thosecondptlrtwas 

used to samples of the laden wager for concentration measunements, by filming, 

dfyifll fli1<1W=i8hiI1i;- 

Rotating Flume and
‘ 

Therotatingflnmeisfinminmean_diamemr,consistingofanaflnnlns0.30minwidth,0.30mindepth 

androstsonarotafingplatform. Acounm'rotatingnopcover(‘ring’)fitsintofl1e flmneandmakos 

contactwiththesnrfaceof the sediment-wam~mixmminfl1efh1me. By rotating theoplatfonn andfiaering 

inoppositedirections,itispossibleuogeneranenea:lytwo-dimensionalshearflowsandtostudythe 

behaviour of the sediment flow $68 (1993) and Petersen and 

Krishnappan(1994). Thefl1|mewasfillédwithabom4bim1sof1;arbourwam',toadepth-of0.12m. 

Tnerwewopmamiaaepmamma-vnamormemmetmvnfimawmgmesedhnemfmpwficw 
Thesamepmocedureswereflsedasforthewaveflumg, 

VV8V¢Exjiel'iI|‘16-I113 ' 

Regmuwaveswimapa'iod'of‘one_wmdweteusedfm‘afldfthemsmrepomdhere. 

wavé heights were s.o, 1.0 and 9.0 cm, These three wave heights 

Prodllwd ‘bottom or root-mean-squgm bottom ‘shear streses (Madsen at al., 1988) of 

approxima;ely0.07,0_.14and0.23Pa. Befmethebeginningofeachtest,fl1eflocswemeb1okenup 

mwmfimflyassnaflamssibkwimmeobjwfiwdrepmmdngdoselyaposliolememmomififl 

paniclesize. Todomis.memi:mewmsi1awdunfi1mepa1fi¢lesim.asm¢awedwth=MPSA,had 

reachedaminimum. Inthelamrmm,mmefimtmsmquiredmmdmemeflocsiumaminimmn 

0ncemenncswaemokmupawnm»pmb1:,memwn¢igmwm=mm¢v;1uermma 
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wsgmdmmifiaisedimmtampamafimmmplewasmkenmdhififlparficlefimdiflrihnim 

measurement-made. 

di1r'afion0f"fl1et68t.lYPi0fll1yIastings0me7or8hom's; 'I‘henestswé1'edividedinmlW08°!i§8.Aan¢1B. 

SaiesAuwnddfi6mDay0mDay8,01fingwhichmemstmndifiomwae¢W1edflnwghmethw 

waveheightstwotimes:seziuBwmfiotnD£yl1mDay20.8nd8g8infl|Btnstcbndifionswerecycled 

tliroughfliethrbehéightstwice. NoneflmDay0wasmesamedayflmmewauerandsedimen¢wasfirs1 

putintotheflume. BefmemefirstnestdseriuB,onDayl1,meconcmmfionwasmppedflpnfith 

sedimentthathadbeensmredat4°C,becausetheinitia1concemrationforeachrunhadcontinnously 

Bota_fin/gFhnneE-xlwtilllenls 

Theshearflowmestsinthemmfingflmnewaesetupmrepmduceflaemot-mean-squareshearofthewave 

flume lasts: three shear stresses were used, 0.056, 0.121, 0.2-13 comparable to 0.07, 0.14 and 0.23 Pa 

estimated in the waveflmnc. Theprocedure to break up the flocsiatthe beginning ofeach nest-was slightly 

diffwentflommewavewsm. InflreWavbnests.thewamwas8sitated88vi8°mus1Y=8 mmwwfilm 
Intheshearflowteststh'emixnn'ewa'sag'ilatedinflxesamemannerat 

fllebeginningofeachnestthesedimentwascleanedoffmebpnomwithabmusmflaerfibcnneagitanedinva 

1§nasm1'bedmamerwithab1mdm';fo1lowedbylowa'h1gfl1eringontothe’surfaceandrotatingtheflufi1e 

mdrmzamafimumsmedsfmwmmu:esbefmemdu¢msm=spedswmow~qflredfwmedeshw 
‘

\ 

shear. Initialconcentrafionandsizemeasmanentswezemade. Oneseriesofteslsnsingallflzreeshears 

wuomduaedmewhofflneewnsecufiwwedm.Day1wmmedayafwrthemmmdwdimmtwa 
firstaddedmtheromtingflume. Concenn'ation,anddistcibu1ionmeasmementswe:etheamade 

p¢riodi¢aflyforu1ed1:ra1ionof<>a¢hv=st,1vpi¢al1y1a§fins6h01Ii=.w A

\ 

‘
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Wave Flume 
¢. 

Ov'ea'the¢0w3eofth¢0estS,1wofeamteswqred0Illin8nLThefirspdomingntfeamrewasthatflleinifial 

TheSe00i1dwasthattheinifialcon0enfl'atiQndecreasedfi'0mI1flY't0day. 

’I'helat0érwasat1fibuted0othefa¢tthatal1oftl\e'sediméntwasxlotlflflflpflndfldfllfllebfiginningflfeavli 

:es1.becauses0me0f:heinueriorsurta0es0meflume(farexamp1etl.wwavedissipanerbenindthewave 

mmd)wmdn0:bewipeamwnamesm:ofeachws:mresuspemsammenLnes¢poinmue. 
summarizedinFigm'e1and.inTab1e1. - 

TABZE 1. Canceiitfatidti particle size at the besinnins vfwh re-wt in the waveflwne (Nvrefvr Day 
11 rowis Er the original sediment and the secondvis g‘ter_the.additi0n0 of sediment.) 

Test D09 
' ‘ ' 

D00. 
V Sezies Pa um 

~ HIE . , . _.. . 

A H 

0.14 125.4 4.4 

®\IU\lQl-'0‘ 

0.01 115:1 5.1 
ozs 100.0. 1. "" _______ "'0I>§ """ "§'0.'9".'_""'€.5"' 

4 0.14. 6.9 14.9 

U -. , ,0 0.01 ass 1.1
B 

835355’; 

53.4 9.1 
0.23 153.0 s.4 
0.14 93.1 as 
0.07 87.5 . 7.6 
023 00.8 s.s 
0.14 - 15.3 9.4 
0.00 Q5 10.0 

Forfl1eTest»SeriesAtheinifialconcentmtion dec1easedfi'oml25.4to66.3myL,andfl1einifialparficle 

siu,cbmacmizedbytheimfimmedianparfick§in(Dm).,maeasedfi0m4.4m7.7pm(Thepuimaq 

parficksiudisuibufion,flmqe;erminednsingm0MPSA,waschmaaaimdbyDg,=33 iumspthatthe 

initialD;qof4.4|.\mrepresen0ed‘very1itfleflocfm'mation). Atthebeginningof TcstSeriesB,the 

Skafe1&_Ktish_nappan 6
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¢0l!9§I1ltlti0nWI5in<:1'i:asedfibm53.4m1S8mgIL,byfldd1!lg‘fi¢S1!’S9dililént(i.e.sediméntth8thad 

beeastotedcon|innous1yat4°C). Asa.mmlt,theiuitialparfic1esiuatmsstmtofflwfirstmstufTea. 

However, 

unoughomd1eduracionotd1eseoondsaies,meini1ia1D,;.ms¢m1o;un. 

FIGURE 1 

Romdngilwne . 

TI.1ei_ni|:ia1parficlésize'increasadmimhmom.drmnaficanymmeshea:flowws1smaninfl1ewaveuesm, 

wnnemecoineenrrauo, 
“ 

"nmcreased' 'T','slightlyinfl1ethirl1week.'I11eseV” poinlsateshowninFigure2a'nd 

Table2. 
1

' 

TABLE 2. Concergiation and particle size at the begiruzingj each test in the rotating fllline. 
Day Shear Initial 

__ 
Initial D59, 

Stress, Pa Concentration. pm 
K ms/I-1

_ 

- 0.213 186.26 8.76 
0.121 191.86 11,84» 

_____'.._.__i12i5_____l‘%__.___§;5§__- 
0.213 189.60 28.80 
0.121 189.71 37.97 
gggs; 1ss.1s . sass- 
0-Z13 202.15 69.68 

_ 0-121 200.47 65.07 
°.-95° 

. 

-192-2‘? 
. 

.61-‘"1
7 

I. 1. I1 
55;$w<wu~ 

'5 | |. 

Theinitia1parfic1esizeincreasedfi'om8.8to61.91.unfiomDay,1toDay17,withamaxi.mumvalue 

obtainedonmy 15. Bywayof‘conu'asttheconc_enufationwasre1a1ivelyconstantaround 190 mg/L,with 

aslighttendencytaohighervaluesinthelastweek. ’I‘l1ediffemenceinmethodsusedtobreak'upthefloes»is 

clearlyevident. Thesamelevdofmechmicflagimfionatthesmrtofeachmstinthemmfingflumewas 

lessabletobreakdownflxeflocsmmesamedegreeasfimeprogreésed.whereastheprocedureinthewave 
‘ 

1
. 

flme,whemmmepmfiq1esiz¢wasmoniwred,wasmmasuccessm1maeafingsmafluflm& 
, 

~ K2 

Shfel & 

1
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Concentration Evolution 

Wave Flume I 

Thafimevuhfi0nofcmcenfihfim0fsefimmtmmspenshnissh0wmHgmes3amd3bfmmetwo. 

throughoutmecowséoftheeipgtfincntfurallthcfiims. 'l‘l1em0eofdecreasejsfairlyconstantandhmce 

thevafiafioncanbeappxnximauedbyasuaightlineasshowniflthesefigums. Theslppesofflneselines 

wae0bmmedbypam1mmgafinemmgres§0nmmedisuibufi0mmdatemmmaflmdm1hbk»3. 

Thesedopemwmchmmappofimammmsmeofmedepofifinhmmdxhibflarasombhcmmhfim 

withgheavemgebeqlshearstress. Thatis.whentheshearstressishighthedef>0siti0nrate'iss|nafland 

thedislribufionisflatter. H0weve:,thedisI:ibufionf0rtheD£y11testshowsamuchhigherraue0f 

do;posi!ioneventhoughthe'shearmessisfl1ehighw. Thiscouldbeduemthemflfihhishflinitial 

deposition rate (See 1980).
' 

FIGURE 3 ’ 

“W1“@@@w@¢@@@@w@&Q&%@@%@%fi 
-Test Day Shear Stress, Slope, Inmmept, 
Sefiea Pa mg/Llmin mg[L 

0’ “A V 0' 

0.14 -0.068 116.62 
" 0.07 -0.067 103.06 

-0.031 94.26 

ssqas:-m-¢ 

I I II 

_ ____ -9-2.-3 ... 
.023 0.040 15371

' 

~ 0.14 -0.031 63.4 
0.01 0.055 

_ 

60.18 
“B 0 

023 -0.150 15035 
0.14 -0.065 - 90.69 

___.___ 9.91 . .,,0.0s2. 82.21 
' 

' 

0.23 -0.0023 
H 

76.18 
' 

0.14 -0.063 69.95 
.0 -.0071 

_ /

/ Q 
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Thefimevmiafimqfqmemtafimof»mdimmthmspmsbnissh9minfigmes4a,4b,and4c 

shear stresses of 0.056. 0.12-1, and 0.213 Pa In the law shear case, there is a 

differancebetweenflxeresultsforthefirstweek-andthenexttwoweeks. Inthefirstweekthe 

cmmuaumaemqsea=mwwmmugmmwmmwmuL.wmom-:=a¢nmgamaysm,wn¢asm 
menmnwowedmthemncmuafimdwxmsedmpidlymmefirahommdmmhednealywnsmut 
valuesofahom8md4mg/Lmspecfivdyinsiaghohrsfwthesecondmdthkdweeks. Withthe 

mtmmediawshemflwovaaflwmmuafimbemfiomwafimflumdlflneewwksmxeeptfmamom 
rapidhssofmaterialmmeinifidhmmmevfluesafia'sixrhomsinfl|emngeof80m1101118/I-;11i81168t 

forflnefirstweekandloweaforthesecondweek. Thehigh sheareaseproduceddfierentresults. Firstly, 

memncmuafiondidnotdwreasembmnfiaflyfiommebegimhgmmdofewhwstmmdlyme 
‘ '

\ 

each week: about 150, l60.and 175 mglLrespec1ively. 

l_='IGURl‘-Z4 1 

Size Evolution 

__ .._YY€?§F.".'4!¥€_... .. . .4 IA . . .. ,_ .. . 

TheW01nfi0ndmeflm§mdmmgachmstclmgedm@&yfiomDay0dlSmiesAmDay20,Sqim 
B. 1heevohfionwasdearlydependeutoffimeoffl1emestasweHasthehouomslr§S8- 

InSeriesA(FigureSa),withwate1'andsediment&eshfi'bmst0rage.thefl00$i1$=WasvirtuaHycons;ant 

thrbughouteachofthefirstandsecondtest(Days1and2),unly¢iI1¢r¢8$inz8li3hflyinthesecondtest. 

Ilzeselestsweueatthehztermediatemdlowsuesslevelsrespecfively. OnDay3.atthehighstres'sleve1, 

theflo¢sizegewfi'omaninitialD;,of 5.2no7-7-.5|.lmafterabdut-l50minutes. 

repeatedaboutoneweeklatenwithmarlmedlyldifferentresults. 

slightly: high, intermediate 10W (Days 6. 7. and 8 respectively). In all three cases thepanicle 

Skafel&Kfi=hIw'PP@n . 9 
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sizeinaeaseafromrhe‘mifinva1ue.xeachingamaxim\mafierab0ut150w200minmes.fioH0wedbY= 

modestdecline. 'Ihesetwogroupsoftestsaboutaweek"apartobvious1yformdistinctse1s. 

emfifiomwaerepeatédmdmemahodmhakupmeflocsamebegimmgofeachwstwastheSamfi ‘ 

foreverytest. Thevonlypammeuamchaugewasfllepgassageoffime. 

FIGURE 5 

‘\ 

hSefiesB,aHwsmmechmgcwfizedbyummeasemflmfiufiommeinififlvflue(Figme§b§). The 

|31aximumD5¢valnesfqnhefirstwe§k(Days1l,12and 13)wa'einwmediateinva1uehetweenthefitst 

andsecd11dw6=k0fsefi§s9A;p:qbgblydgemthein1:oducfionoffieshsedimentatthebeginningofthe
/ 

B'yI:heSeO0ndWeek(Days18,198ndZQ)l1l¢m83iI!iumDg;valuesexceededal1pmviousvalues. 

Inthefir§twe'ek,thesize1evelledofl'afmér200to300minutes.and8h0wedh8\i3hIl1!0P0filll\¢lfl'fl1e 

mediumstress.mfl1e8éwhdw0eE.memafiiflumsiuwIsIB8¢ll6dS00nQt@8ffl1U0l02°9miflW°8~ 

asilasthecasein sets. 

RotadvIgFlih1le
A 

111eevo1utionoftheflocsizedufingeachuas;isshowninFigures6a,b,andc, forshearstressesof 

0.056. 0.121. and 0.213 Pa F01‘ the in the first week the size dropped slightly 

fiumfllemififlvflumhthenenmoweeksflnedu-mseqficklymendroppedrapiflymfinfl 
eqni1ibrinmvflues.»1hempiddropswaemhddmtwhhthempMdmpincommuafim. 'I‘hepani¢le 

sizergaflmfmflxetwohighersheabmemarkodlydifiaentfibm-mehwshemcase. 

therewasaslightincreueinthesizeoompatedtoaslightdeaease. Intheseoomiweektheiiewasarapid 

iwms@wirhinth¢firs1hommawnsthntvalne.labou\70|1mf<Ifl\emedinmshearandab0ut55|J-mi! 

thehighshear. Infl1efl1ixdweek,bofl1highashea|s]xoducedmaximum(abom115and95|1m 

SlI8,fel& 10
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‘ 

.. _ 

rapectivelflwithinfl1efirsth0m,foflbwedByaslightdecreasemcon§tantvah1esofabom100and85;1m_ 

respecfivelyfurflzemediumandhiglnshears. 

FIGURE 6 

'Thempiddr0pinpuficlesizea}.me1owestsheardn1inglheseoond'twoWeeks,fl°°°mP°Bi°dbyIosa<f 

material,indicanesfl1anheSshearwas s\:ongeuoughnopromo11efl1efo1mationofflocs.butnotsostmngat 

thcboundarylndestroyfllemandpreventdeposifion. The0p1JOSifl$8pP68!8l0beth¢casefotfl1etwo 

highashears, Thqla1'gershearpromoned.flocfonna1ion.in t!1ebodyofthefluid,bu_tat¢fl'<;l1lli8l1e1'shear 

mommamhlsmyedmm;pensim,m&mfingmatflmbommbomdawshemwassmngepoughw 
Theflocsizeisla1'gesta,tth¢medium 

sh;-zar. Tfi8indkawsthaIm&6high6$fl\6flth¢mbubn0&haSimmasedwfieekwfltmati;i5a 

1imjfingfa_cnqrinthesizedevelopment"oftheflccsize."
\ 

DISCUSSION AND CONCLUSIONS 

Thesizedisu-ibufiondamfln;nbot1;fl1ewaveflnmeandfl1emmfingflumeexperimentsshowthatthePon 
- \ 

Stanlgyflbdilllélllhasflfleflilfincywflocctflateasitissubjecmdlntheflowfieldandtlneeggtentof 

floccu1a1ionisafuncfionoffl1ebedIshearsu'essSinducedbytheflowfields andthelenglhoflimeinwhich 

the sediment*wastestedineach.flume. Dependencyonthele‘ngtho1f‘time_thatthe sedimentis intheflume 

smainmebommomsa14a@eecpnmmwsung.meua¢n=riaanaom=rmaaowgmm=pres:nrm 

thesedimeatwamermixturewereinacfive. 0ncefl1emi;mtewasplacedinthe~"flmnesandwe:ea1bjected 

mflowfieldsmdarwmwmpmmes(25m30deg'wC),me‘bamfiamdommmmmganismswdd 

becomeacfivemdphyamleinmefluccuhfionpmcessofflwmwgmicsedimmtpmfides, Theroleof

/
\ 
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bacuefiaonflwcuhfionofsedima1thaSbeenmwdinflwfim'aune(seeVanLeussen, 1988.Raoeza1._. 

1991). ThebaauiaamknowmseaewpdymasG.eppmd.l993)flmcmfld'$fidge”meinorgafic 

sedimentparticlestogeflwrtoformflocs. Asflnedmafioninwhichthesediméntwasintheg-00111 

is apcssibility for higher bacterial density and 

Tl_1iscoulde:;plainthemonotnnicincreasein.inifié1Dgp 

\?alflesofthesedi1nentinbofl1theflumemests(s_eeTables1and2).
‘ 

1'neinfluenceotbedsh>earsuessofauubu1emflowfieldon:heflocculafiodmevhanismhdsalsdbwl 

studied"eflensively in the liwramre 1962. and Kennedy. 1966. Mehra and 

Partheniades, Van Leussen, em al.-, 1994. 1995), In a Imbulent 

flovf/,*thebedshearstress'is:\imeas1n'eofuirbu1ence1eveland, 

oftheparticlesauspendedintheflow. 

magnitude. Mbwmeusuessa,flwwlfidonfiequmcym8maflmdmed:at:of‘sedimemflmwhfionis 

alsosmall. Butumeshemsuessismaased,thecolBsianfiequenpymqease$,wfiichdpmmmes 

flocculafionandcausesthesizeoftliefloccuflanedsedimenttbincrease. But,wifl;£\1;1h§rinc:easeinshear 

su'ess,theflowstartmbreakupasfl1eya1elmabletowithstandthehighershearingactionoftheflpw. 

fiomflw smdy confirm mm ruched shear. induced 

flumeandthe1otafingflum6hadsimflgrefiQctonfl\ePmtSmn1eysedimcnL Atlowbedvshearstmimes. 

mesedimmtsamedwimmtappxedabkflocaflgdmmdmefludmemfimwtdwraseduammflm 
oftime (seeFigures5aand6a). Atmedium and high shear mesées, the mrbulenoepmmoted 

audcausedflleflocsizestoincreaseas afunc|ionoffimd(Fi$\11'¢85a,6band6c). 

Thefimevmhfimdcmcwtafimasafimflmoffimembommeflmnesmggemmathdinfluwbui 

Butatmedi|m\and1highbed$h¢8r.8l!'d88d$.misnnbulence1evelp1aysa 

prbmfixentmleandthebacteaialeiiectsarenbtverypwonounoed. 
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_ 

'nsforthedischarge' ofharbo\n'wane¢sE" Ilfli fil_IIBate1evated_ or 

summer water uemperamren willresu1tiin.ina'eased floc size and subsequenfly On the 

othe1'handsummeventswouldli1nitoppo:umilyfcrflocfonnatioh.- Forejxampl_e',o<msiderasoenario 

whenastormevem:e8u1t.sininflowof80m’ls.orabout7X10‘m‘inoneday. At»typicalwa1_e;1evels,:l1e 

harbour'vo1mneisabout230,000 m’,sothat‘anev'e|itcfthis magnimdewouldeffecfivelydischargecreek 
< 

Y _ ~ 

wam'directlyintothelake. Ontheotherhand.fortypicalsmnmerflowsof0.5uo1m5Is,theresidence 

fimeisoftheon1aof3to6days. Inthefirstcasefllewdimentleavingthehalbdurwouldfiknlybehave 

somewhat1ilmtheuestofD_ay0: littleflocformationandhenoesignificantpotentialforlongshcw»
\ 

lranspon.bywaves‘infl1esmfmne,motherlongmngetranspm1duemothe:coflsmlcmrents,depending 

qnfllewindandcnneutregimeatflnetime. Inlhesecondcase,the1ongerre'sidencefimeintheha'rbour 

wouldprovideanopporumityforbacuarialgrowthandhenceflocfotmation. 

mmmedwiminmemrbommddqaosifionoumidemehmbommmemmshmewmldbemommpid 

andhencemmelocalmtheshorelinenearflmharbour. ' 

Thgrole of'bas_:ueriain theflocculation ofthe inorgzmic sedimentneeds further 

Ikeauth01satBg1'atefultoD0ugDoedeIudB0bSneph6nswh0ablYas8isIedinthecol1ectionofsamp1es 

and in conducting the laboratory tests. \ 
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FIGURE

/ 

1. flume. .

\ 

" Figure3a) Cbneemrafionversusfimefm-TestSetiesAA.waveflume, 
- regressions.seetable3.

4 

VA b)ConcenlralionversustimefcrTestSefiesB,wa\?eflume. Solidlinesaredatazdashedam V 

regressions,seetable3. _ 

' 

Figure 4. Concentration versus time fa the rotating flume. Shear stress: a) 0.056 Pa; b) 0.121 Pa; c) 
0.213 Pa. 

/ . 

- F1_gureSa) Sedimentpmtic1esizeversusfime,TestSeriesA,_waveflnme.Low8fl§88(-°—);medium 
("'); M811 ('.-)- 

b) Sediment particle size versus time, Test Series B, wave flume. Low (""'); 
’("-'); (-)- -

1 

Figure 6. Sedimmt panicle size versus tithe, Shear a) 0.056 Pa; b) 0.121 Pa; c) 
0.213 Pa. 
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PERSPECTIVE 

Sedimentladenwanersflomhgrbomsamoneofthemajorsom'cesofconu1minantsintheGreatLakcs. 

Th=fin=mh¢dsedimn'mmcwfiesfl;cwnmmmanmflwwhmmddepo§wmdwmehflww=0f 
waveandclmcntaaicn. usingsampl&sfi'omPortStan1ey,nharbouron 

IakeErie,haveprovidcdimfifl'mfmmafionofmercsponsemwavemdcmcntacfion. Increasedwave 

action reduces floc"for|ng_:ion. implying greater capacity for transport of sediment-associated contaminants 

ontsidctheharbonncspeciallyforsmrmevents. Ontheotherhandinc.reased.residencetimcgreal1yA 

maeasesb&mifl8I°WIh8n¢001WbdWimhWshearflowmmehmbcmmdabwflowmndifim& 

piromows of sediments Within flw harbour-
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