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’ BOTTOM CURRENTS AT THE STONEY CREEK REEF, LAKE ONTARIO, 1999 

Michael Skafel 

Management Perspective 
Improved knowledge of flow‘ conditions at lji1k___é t1‘o'ut_ spawning sites will contrib_ute to sustainable fishery 
management strategies in the Great Lakes through the development of ‘more fe_al.ist.ic exposure systems in 
the lab for testing the influence of flow factors on shock sensitivity of eggs. 

High egg mortality occurs even over fetches as short as 75 km suggesting that sensitivity to ‘stresses caused 
by large bottom currents may be a major factor limiting lake trout restoration and limiting the habitat in 
whichspawning might be successful.

' 

This reportrepresents the second dataset of waveinduced currents obtained at a sitein Lake Ontario. The 
data will be provided to DFO, to be integrated with the mortality data andeouelations sought. Further data 
collection may be indicated.



Courants de fond au réclf de Stoney creek, lac Ontario, 1999 
Michael Skafei

' 

Sommaire a l'intentionde Ia direction 
Une meiflfleure connaissanoe des conditions de flux d'u_n iieu de fraye de touladis sera utile pour 
Ies stratégies de gestion des péches durables dans les Grands Lacs en permettant Ie 
développement do systemes d'exposition en laboratoire 2; conditions plus réalistes, pour vérifier 
l'effet de facteurs liés au flux sur la sensibiiité aux chocs des oeufs. 

Une forte mortalité des oeufs, observée meme sur des zones de génération’ de vagues de 
seulemant 75 km. sembie indiquer que |_a sensibilité aux stress causés par les grands courants 
de fond peut étre un important facteur limitant le rétablissement des touladis. ainsi que l'habitat 
dans Iequel Ie frai peut donner un bon rendement. 

Ce rapport présente Ies rés'ultats du deuxiéme ensemble de données sur Ies courants cjaujsés 
par Ies vagues a un site du lac Ontario. Elles seront envoyées au MPO, qui doit Ies intégrer aux 
données sur la mortalité at rechercher des oorrélations. D'autres collectes de données pourraient 
étre nécessaires. 
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ABSTRACT 
Mortality of Lake Ontario lake trout eggs appears to have a higher sensitivity to physical shock than other 
stocks in laboratory tests. How thesedifferences relate to survival the is ‘unclear. Bottom currents 
are one fac'tor'that:may induce shock causing egg These were monitored at a lake trout 
spawning reef ofi Stoney Creek in Lake Ontario from Septefrnber to December, 1999 to determine the 
duration and magnitude ofhigh currents that could lead to physical shock. The reef is relatively flat topped, 
narrow, oriented approximately north-east so‘uth—w’es_t and about 2 hectares in aerial extent, with an average 
lakeward slope of about 1:40. The surficial is cobble and boulder sized. The site is exposed to the 
fiill force ofnorth-easterly storms, common in the fall and winter months, when eggs are incubating. Mean 

»- currents and storm induced oscillatory flow are documented, and wave conditions ‘inferred from the current 
data. Theexpected interstitial flows induced by the bottom currents are explored using a numerical model.



fiésumé 
Lors d'essais en Iabofatoire. Ia mortalité d'oeufs de touladi du_ lac Ontario semblait présenter une 
plus grands sensibilité aux chocs physiques qu_e cello od'aut'r‘es stocks. on n'__a pu établir 
claire‘me_nt les rapports entre ces differences et la survie do l'espece dans la nature. Les courants 
de fond sont |'un des facteurs qui pourraient provoquer un choc causant la m_ortaI_i_té des oeufs. 
De septembre a décembre 1999, on a surveillé des courants sur Ie site d'un récif du lac Ontario 
utilisé comme lieu do fraye par Ies touladis, pres do Stoney Creek, afin de déterminer Ia durée et 
I'importance des forts courants pouvant causer un choc physique. Ce récif A sommet 
relativement plat est étroit et orienté apprcximafivent du nord-est au sud-cuest; sasuperficie est 
c,l'envi_ro_n 2 hectares, et sa pente moyenne en direction du lac est d'environ 1:40. Les ‘rhatériaux’ 

' 

qui le recouvrentvont do lataille des cailloux A celle des blocs de roche. Ce site est exposé in la 
pleine force des tempétes du nord-est, qui sont oourantes en automne et en hjver, pendant 
Pincubation des oeufs. On a documents Ies courants moyens ot Ies flux oscillants causés par les 
tempétes, et on peut déduire Ies conditions des vagues A partir des données courantométriques. 
On ét_ud_i_e, é_ I'aide d'un modole nujmérique, Ies flux interstitiels prévus provoqués par les courants 
de fond. 
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BOTTOM CURRENTS AT THE STONEY CREEK REEF, LAKE ONTABLO, 1999 
by M G Skafel 

1.0 INTRODUCTION 

Restoration of lake trout (salvelinus namaycush) the Great Lakes has been successful in establishing 
populatiousofadultfish. Ontheotherhand, reproductioninthewildhasnotbeenalccewfillexceptin 

-Superior. Atpresent mortality ofLake Ontario lake trout eggs appears to behigher than that of 
other stocks although the factors responsible are not clear. has been correlated with fetch, and 
evenoverfetchesasshortas75lnn, was80%priortohatch(Fitzsimo'ns, 1995), suggestingthatshock 
sensitivity maybe a major filetor lake trout restoration, Shock sensitivity of lake trout eggs -from 
Lakes Erie and Ontario was found to be elevated over that ofa control stock (Fitzsimons, 1994). 

Consequently, the habitat that would support could be reduced considerably from 
what it was historically. 

The current monitoring program initiated in 1998 (Skafel and Fitzsimcns, 1999) was continued in 1999 
asapreclusortodevelopingnwrerealisticexposnremodelsinthelaboratoryfortestingtheinfluenceof 
factorsthatmaylead to physical shock ofeggs. The reefofl‘Stoney Creek inLake Ontario llasbeen 
monitoredfor a number ofyears to determine patterns of egg deposition and mortality of lake trout eggs. 
Thereefisexposedtonearlytllefull lengthofigake dudnstypieulrau andwinter.-storms with 
windsoutofthenorth-eastandeast(Figure1). appmximately3 klnafishoreandthedepthon’ 
therelativelyflattoprangesfrom9to1'0n_l(Figure2). Theaerialextentoftheflattopisaboutz 
hectares,but.thespawningareaislilnitedtoaboutonefi,fih,ofthat. Thespawningareaisdelinedby 
Fitzsimons (1995)to9bega2msIrip.with suitable material, alongthetopoftheslope. -Themean 
lakeward slope drops olrat aboI1'lt.l:40 to about 15 In. thereaflerthe general lakebottom dropswofat about . 

1:300, in a northerly direction. Inctlbators have been deployed at the site in several previous and 
usedtoexplorethemortalityoftlleeggsthroughtheincubationperiod. Thedeploymentinthe autulnnof 
1999 providedthezsecond opportunity to concurrent bottom flow measurernents. 

2.0 INSTRUMENTATION 

A acoustic Doppler current meter, with pressure and temperature sensor (SonTek 
was deployed on the top afthe reeffrom 9 (Julian day 252) to 9 December 1999 (Julian 

day343). Thewa'terdepthwassteadyatabout9llL Tfihecnrrentmeterwaspmgrammedtosamplein 
bursts every three hours. Datafrom each record of'2560 scans uflhe three velocity components 
(east. north and up) sampled at 4 Hi. ‘along with tempemture and pressure. The meter was oriented 
to be upward looking, so that the nleasilrejmclll volume was 0.6 m above the lake bottom, at 8.4 in below 
the surface. 

3.0 DATA 
3._1 Meteorology 

Windspeedanddirection_weremonitoredbyNWRIatasiteonthelakeward.sideoftheBurlingtonSllip 
Allwindeventsimportantfortllisstudlfln’-Ollshortiatthissite,sothatthereisnoinfluenceofthe 

blidgeandbuildingstothesollthwestofthestation 'I'hewindI‘osfe(plot_tedasdirection;l;,latherthan 
directionflolnforeasiercomparisontotlleclllrentdata)isshowninFigilre3. 
either ofishore or from the sl_,lo.rt.nort_hwest fetch. Nevel1heless,thereareoccllrrenc_esof wind 
speedsonshore(totheStllr'ouglllotheW).— 'I'!)_isisexploredinFiglne4wherewindsgrea1ertha1l6lnls 
coming from 337.5° through to 112.s° (NNW to l3‘sE)'are an -This directionrange



includesallwmds' thatwouldproducesignrti‘ cantwave’ evens atthespawnm" ° 
greef. 'I.'m. “WeIe140t'en. 

minutaeaveragestliatmetthesecriteria,-antotmtingto l%ofthetiine. 

3.2 Mean Bottom Conditions 

The rneanbottom onthe plotted Figure 5a. 'l‘wo.major- short duration 
upwellingevejntsoccIfl_ted,dnJi_llianday(JD) 268 (25 September) a_ndJD 286 (13 October). The 
temperature was relatively steady just under 10°C from JD 290 (17 October) to ID ‘307 (3 November). 
Thereaiter it dropped rapidly, 5°C on ID313 (9 November). The correspondingmean 
boI1omeunentsareshowninFrguree5b.The.largest:meanflows,over0.3 m/s,occurredonJulianday 
307 (3 Noventber),tl1esamedaythewatertenrperaturedroppedtoaround5° Candremainedthere. 
Theseflowsweresimilarinmagnitudetothelargestwaveindneedflows, whichoeqtrredonday315 (sec. 
3.4). Floweventsatterthisdatehadspeedslessthanhalfthisvalue 

ThectrnemmseforthemeansofeachburstfidatafiomflrecrtnemmeterareshowninFigure6 (the 
directions are ‘towards’). The mean currents are predominately shore parallel, southeasterly, and easterly 
and so cut across thebottom contours on the reef, which are aligned nearly SW-NB. They mirror to some 
extent the winds. Most of the time the qrrrents are modest, 0.05 to 0.10 m/s, but 12.4% of the 
measurements were between 0.10 to 0.20 and 0.7% between 0.20 to 0.50 m/s. 

3.3 Wave Component of Bottom Currents 

3.3.1 Measured Bottom Velocity 
Wave induced bottom velocities were responsible for a significant portion of the energy on the bottom at 
the reef and were episodic. All of the records from the deployment were examined for evidence of wave 
induced velocities. This was done by computing the standard deviations and of the three velocity 
components (east, north andup) for each burst of data, and them. In all, 53 records contained 
waveenergywellabovethebackgroundnoiselevel. Ofthese records, only24occurredafierthefirst 

event recorded concerning trout eggs on the reef (Julian day 300: 44 % of natural spawning).- 
The-events are sumrnarized in Table 1 and are indicated in Figure 5b. The wave induced bottom velocity 
was small after the incubators were deployed on 22 November, until the current meter was retrieved on 9 
December. 

‘ 
‘

' 

Table 1. Summary of significant events related to trout eggs on the reef off Stoney Creek, 1999 (John 
Fitzsimons, personal communication). 
Date Julian 

n 

Event 
27 October“ 

' ' " 
300 44% of 

3 November 307 49% of natural spawning 
8 November 312 Seeding of nets occurs 
20 November 324 6% of natural spawning 

First setof incubators put out (68.8% survival) 
Second set of incubators put out (62.7% survival) 
Egg nets retrieved - survival of naturally deposited eggs 70%/ average of 

22 November 326) 
29 November 333 
3 December 337 

" _ ‘ff 
. .,, . .._.. 

50%ofseededegg_srecovered ... 

Using the method of Longuet-Higgins etal. (1963), the mean direction of the peak of the bottom 
spectra wasfonnd andused to characterize each record The number of records showing waves is plotted 
as a function of wave direction (to) inFigure 7. All but two of the records show waves travelling towards 
210 to 250° T1116, with the peak at 240°. All of th,e24 wave records from Julian day 300 onwards were 
travelling towards 210 through.250°. The longest -fetches are from 60 to 80° T, corresponding to wave 
directions of 240 to 260° T. The the local wave directions and the directions of 
longest fetches can most likely be explained by refraction effects due to the regional bathymetry and the 
local efiects ofthe
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more energetic wavesonorafierJu1ianday300‘wme screenedbyadrlinga 
threshold tothe standard deviation ofthe bottom velocity. Whenthethreshold set at 0.1 

mls, the number redtlcedto 11 from 24, all inthedirectionrange of2-10 to 240° T. Using 
a threshold of0.2 m/s only one record direction inwards 2309 T. Thus, all ofthe largest 
waves were travelling ina direction consistentwith the largest results are similar tothose 
obtained in 1998 (Skafeland Fitmimons, 1999). 

The bottom velocities for the 24 records that Julian day 300 onwardare 
summarized in.Tab1e -2. The variable U1“, is the bojttfiom velocity, following Madsen (1994), 
andis a simplified representation oftlte wave bottom velocity, alignedin the dominant 
direction of the wave motion. ‘ 

Table 2., Summary ofreoords from Julian day 300 onwards that had wave-like spectra. The variables in 
themiddlesetofcolumns were oomputedfiomthebottomvelocityfime series andarethebottom 
representativeveloeities (Ute), the rneanwave period. Thevariables inthe 
right hand set of columns, computed from ODIFLOCS, are the average bottom velocities, filter and pore 
velocities within the cobble matrix. The highlighted indicate Wave events on or alter the day ofa 
si 

' canteventrelatetltotlteimut, (refert0,Table 1). 
Julian Day Record Ut,,[_1f1lls_] Dir to [5] '1}; [s] U.. V U. U, 

Number‘ 
(front velocitytilneseries) [m/s] (from oml-'LoCs) 
0.22‘ 220 4.76 0.23 0.06 0.15 
0.25 

_ 
214 6.12 0.25 0.07 0.18 

0.24 243 5.14 0.24 0.06 0.15 
0.23 232 6.77 0.23 0.06 

‘ 

0.15 
.0.29 235 . 5.59 0.30 0.08 0.20 
0.24 229 _ 6.77 0.23‘ 0.06 0.15 
0.17 - 240 5.59 0.17 - 0.05 . 0.13 

- 

;: 0.11 239 5.14 0.11 0.03 
1 

0.08 
501 4 0.23 

_ 

237 5.59 0.23 0.06 0.15 
502 0.22 224 5.59 0.23 - 0.06 0.15 
503 0.22 234 5.59 0.23 0.06 0.15 
504 '_ 0.23’ 

‘ 

V 

"239" 6._12 0.23 0.06 0.15 
505 0.10 

_ 

238 5.59 0.10 
, 

0.03 0.08 
530 0.04 _222 3.67 . . 

- - 

531 0.06 2_3.2__ 2.35 . ’ 

, 

- - 

334.375 532 0.05 230 3.67 - . 
-_ 

-' 
334.5 

3 

53-3 0.05 232 3.47 - - 
A

- 

334.625 53.4 0.07 237 
" 

4.43 0.07 0.02 0.05 
334.75 535 0.09 230 4.43 0.09 0.02 0.05 
334.375 536 0.09 243 4.76 0.10 0.02 0.05 
335 , 537 0.05. 243 4.14 - I '- - 

335.125 538 0.05 247. 4.76 0.05‘ 0,01 0.03 

33525 539. 0,04, 246 5.14 0.04 0.01 0.03 

335.375 540 0.03 M _ H 245 4.76 0.03 0.01 0.03 

There were storms on Julian 307, 315 and -330, nttettliree ofthe ‘egg’ on days 307, 
312, 324/326. Therecords on days 334 and 335 (following the egg event on day'333) wave like 
specumbuttheywereafl-rathersmaflcomparedmtheabovenwnfionedstorms. Therewasamajorstorm 
onJtl1i3nday348 (seeFigu1'e 3.2), unfommatelythecurrentmeterhadbeenreooveredforthe season0n9 

(Iu1i_an day 343). The wave conditions for storm were (see below).



3-3-_2Interstiti.a|Flow
, 

Theflowalfeotingtheuouteggsistheflowamongstthestonesonthebottom. Thisflowisextremely 
mmplendependingonmedeuhsotmestnneshapesandsiusmmongstomerfadom. Atpresent,itcan 
onlybedescribedintermsofitsmeanvalue,basedouanestitn:!teof.themeanstonesizeandporosity,_ 
andontheomitalvelocitiesofmewavesatfltebouonn Anh!IIcticalmodelODIFl.a0CSwasusedto 
estimatetheflowwithinthecobblelayenbasedonthebottomflow. ODIFIDCS(QfieI2irnensionalE;_ow 
onandingoastal _s_truetmes)wasdeve1opedattth.eDel1t ofTechnology(SeevanG__ent, 1994). 
Inputtothemodelwasselectedtoberepreseutativeofthetopofthereet‘ofi‘Stoney’Creek:medianbotuom 
stonesi2e(D5o)=0.2m;wat1erdepth=9m;lakewardslope=0.027,porosity=0.4. Themodelwasnm 
witl1thepeakwaveperiods,andbytrialanderro_r,inputwaveheights(I-Igselectedthatproducedmean 
bottom velocities (U..,)thatm‘atchedthebottom, velocities computed froruthemeasureddata 
((15,). Thenthecorresponding computed model (also called discharge) velocities (U;) andthepore 
velocities (U,)withinth_ecobble were Th¢P0re (equal tothe filter velocities divided 
by the porosity). are average velocities the ii1terstitia'l'spaces, and are the best available 
representation ofthe flow is on any trout eggs that lie within the cobbles. It mustbe re- 
e1nphasizedth3tth€lp0revelocityisagatiggge:_a_g_§velocity(atthemaximumofthecorrespondingwave 
period) andthatthe actual velocitywillvaryconsiderably Within the cobble layer. 

During on days 307, 315 330, the pore Velocities peaked at 0.18, 0.20 and 0.15 m/s. 
Thesevaluesaresmallerthanthevalues estimatedforthestorms encounteredin 1998. Then,thepore 
velocities were 0.20 to 0.25 m/s (Skafel and Fi_tzsimor1_s, 1999). The storm on days 334 and 335 produced 
quite modest pore velocities, the larger of which werefiom 0.03 to 0.05 m/s. 
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3,4 Modeling Wives 

The deployment of the ctitletlt meter on the reefprovided excellent data to estimate the interstitialflow 
within the cobble layer. However, it; is not always possible to have the reef instrumented." However, it:is 
possible to get meteorological data from a nearby site (in this case the NWRI.Burlington.pier data is 

available). Waive conditions can then be hindcasted. From them, estimates ofbottom velocity and 
then pore velocity can be made. How well do thwe hindcasted data stand up against the measured data? 

To examine this question, the measured wave induced bottom velocity spectra, aligned in the direction of 
the maximum, were convened to elevation spectra techniques and linear wave 
theory (lsobe et al 1984), The significant wave heights (H...) and peak periods were then computedfrom 
the surface spectra. The waves for the conesponding times were also hindcasted using the NWRI i 

meteorological data fiom the Burlington Pier site a1_1d.a hindcasting program, PI-IEW-wavefetch (See 
Skafel and Bishop, 1991). These two sets of charactefisfics arecompared in Table 3 and Figures 8 
and 9.

. 

Table 3. . Wave conditions estimated from the bottom velocities and by hindcasting. The velocity . 

summary set ofeolumns (U.,,,...) are fiorrt Tablel, thefirst set ofwave summary columns were 
derived by the bottom velocities to surface elevations using spectral techniques, the last set 
Qfwave Were computed by hindcasting the wave data from wind data. The highlighted 

indicate wave events on or after the day of a significant event related to the trout eggs (refer to 
Table 1).

‘ 

Julian Day‘ Record Us [m/s1“ Dirtof5]T,,[s] 1*, [sl mam l)irto[°] its} [Iii] Dirto[°] 
Number '

- 

(from velocity time series) (from bottom velocity (hindcast from PI-IEW) 
' 

spectra) 
0.22 220 4.76 4.76 

_ 

1.23 . 220 3.58 0.97 223 
397.12.: 314 0.25 214 6.12 6.12 1.19 214 3.58 0.73 203



243 5.14 5.14 
1 ‘ 

1.32 ""243 3.95 0.91 247 
232 6.77 6.77 1.12 232 4.36 1.10 217 

12-35 5.59 5.59 1.37 235 4.68 1.25 247 
229 6.77 6.77 1.11 229 4.81 1.29 247 
240 5.59 5.59_ 0.92‘ 240 4.99 1.36 247 
239 ‘5.14 5.14 0.77‘ 239 2.99 0.52 251 
237 5.59 5.59. 1.14 237 3.28 0.60 -250 

, . 
224 5.59 5.59 1.03 224 3.61 0.71» 248 

330.75 503 0.22 234 5.59 5.59 1.00 234 3.55 064 246 
330.875 504 0.23 239 6.12 6.12 1.01 239 355 0.54 247 
331 505 0.10 238 5.59 5.59 . 

- 0.50 238 - 3.55 0.45 256 
E‘? . _222 3.67 ‘3.67 0.44 222 2.34 0.26 211 
334.25 531 0.06 232 2.85 2.85 0.55 232 2.27 0.28 247 
334.375 532 0.05 230 3.67 3.67 

, 
0.45 230 2.27 0.29 247 

334.5 533 0.05 232 3.47 3.47 0.47 2_32 3_.04 0.46 .234 
‘ 

334.625 534 - 0.07 237 4.43 4.43 0.54 . 237 3.07 0,47 234 
334.75 535 0.09 230 4.4-3 4.43 0.61 230 2.57 0.3.9 232 
334.875 536 0.09 243 4.76 4.76 0.55 243 2.77 0.38 231 
335 537 0.05 243 4.14‘ 4.14 0.38 243 2.77 0.31. 231 
335.125 538 _ 

0.05 247 4.76 4.76 0.30 247 2.72 0.30 231 
335.25 539 0.04 246 5.14 5.14 0.27 246 2,77" 0.20 231 
335.375 540 . , 0,03 245 4.76 4.76 0.17 245 2.12_.0.12 .231 

Fromthe start of the deployment njntil the current meter was removed on -Julian day 346, both the velocity 
dataa.ndthehindcastei'lwavedataindicatedstor1nevents.atthesametimes(Figure8).

’ 

hindcastedvalues ofiheightandpefiodanlowerthmthnseesfimated from the cunentdatn(Fig11re 9). 
Thisfindingisconsistentwith, a1thoughmoreaocenh1ated‘than,eaflierworkthaifoundthishii1dcasting 
methodtendstounderestimatethelafgerheightsandlongerperiods(SkafelandBi§hpp,'199I),'1'1Jc

' 

measmeddimcfionsareunnedmthelemwhenviewedinthedheqimofwaveuavehoomparedtothe 
hindcasteddixections. is considerable scatter. Thislatterobservationisconsiszent withtlle 
generalorientation dflthe bottom contours, which should canseesome refraction ofthe 
whichwasnotmodeledinthehindcastwaves. 

Thehindcastwavessh0walargestori110nday343,withthehfiightpealdngatshmnzmandthepexiodat 
aboutés. Thiswmmelargenst0m'oftheseas0n.Basedmflwfi1niwdwmpmimnofmndws1edud 
measuredwaveconditionsherein,themeasurellwaVeheightwo11ldhavebeenabo11t~2.2mnndthepe1i0d 
about7or8s. Theconespondingbottoin-1epresen1ative.would have'beenabo11t0.4 mlsandthcpore 
velocity about 0.25-m/s. 

4.0 DISCUSSION and CONCLUSIONS 
Tmsmmkflydmqnmntmeterwas-mmesfinydeplayedmtmsmeycrakreefmukeonmfio 
duringthel999li1ketr6n!SP}!1Wningseaso1L Thc1ewasl00%da1a,1ec0veryfiiointhedep_layme_nt. With 
its capability to collect lafge sa1nple‘1e_o0rds at a high sampling rate, it isa valniable tool for monitoring 
flowinadverseconditidns. TheII1eanfl0wsweretypicallym0dest_a_ndsl101epamlIel. H0wever,0.7%of 
the»rec0rdshadmeanflawsinthe1'ange0f0.2to0.5 mls, whichwou1d¢m1seporevelocitiesashigha‘sor 

.-V 

duringthedeployment. Thehighest nfileanlflow 
onDay307 (3 Naveinber), the day"itw‘as ofnannal spawning was completed. 
Itndevmsabomashrgeaslatgestbonomrepresmmfivevelodtyfnundfiomthewawinduced 

flow. '



storms waves up to nearly L4 In ware monitgrerl The resulting pore velocifies ranged. 
fi'oma;o;;ng10.03upto0,2mls, Theporevelocitiqswereatthelowendoftherangeaftertheincubators 
weredeployedon22November..Thestnrmon9December,afierthecurrentmet:erwas1ecovered,was4 
esfimwdwmndmstingtmmiquesmbethemoasevuedmesammresmfinginflwmgheawm 
velocities, 0.25 mls. 

Tlwmndmsfingmchmquerepmdwedthestomwenmmmrdeddmmgthedeployment Unfortunate1y,it 
underpredictedboththehcightandperiocl 
otderofnugniuxdeofthewaveoonditionsinflzeabsenoeofmeasuremcnts. Noreadilyapplicabletoolis 
athandtoestimatethemeancuuents,whichwexeshowntobeaboutasstmngasthewaveinduogdflow‘ 
,duriIisthisdeploym’e:n;. 
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Figure 2. Details of bathymetry at site (0), U'IM grid inmetres, elevations in below IGLD. 
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Figure Sb. bottom current during the 1999 deployment on the Stoney Creek Reefi Venical lines 
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