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Background:

A fish control structure (fishway) was built at the outlet of Cootes Paradise to control the entrance of carp
into the wetlands. Understanding of the flow conditions at the fishway will assist in the development of
an operational plan for the fishway. The flow was manitored during 1997 and analyzed, in conjunction
with the local meteorological conditions and water level records at the west end of Lake Ontario.
Furthermore, an understanding of the sediment discharge at the fishway is needed to help delineate the
sediment loading of the wetlands. Documentation of the cumulative discharge of the water from the
wetlands will assist in addressing this issue.

Next Steps :

The results of the monitoring programme are being forwarded to the Dept. of Fisheries and Oceans, so
that the information can be incorporated with data on fish movement and sediment load.



Abstract

The flow through the Cootes Paradise fishway was monitored from April until December 1997. The flow
was highly variable, and typically changed direction several times each day. Comparison with local
meteorological and water level data revealed several interesting features. Outflow events of four hours or
greater in duration were typically preceded by wind events with an easterly coniponent usually lasting at
least six hours. Similarly inflow events longer than four hours were typically preceded by westerly winds
for at least six hours. There was a tidal component to the flow as well as evidence of Helmhaltz resonance
between Hamilton Harbour and Lake Ontario, and resonance due to the exchange between the harboir
and Cootes Paradise. The estimates of the cumulative discharge clearly show that there was net catflow to
Hamilton Harbour during each deployment.of the instruments.
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Flow at the Cootes Paradise Fishway
MG Skafel, National Water Rescarch Institute, CCIW, Burlington, ON, L7R 4AS, Canada

introduction

A fish passage control structure ar fishway was built at the outlet of Cootes Paradise into Hamnilton
Harbour, and became fully operational in 1997. The purpose of the fishway is to prevent carp from -
entering the wetlands and destroying aquatic vegetation. However, many other fish species use the marsh
as spawning, nursery and feeding habitat and an opérational plan is needed to facilitate their movement
past the fishway. During 1997, the fishway was instrumented to monitar the flow and other relevant
variables. Fish movement was also monitored (independently) at the fishway during the same period, so
that the flow data will be available to correlate with that data. The documentation of the flow conditions
will be of use in developing an operational plan for the fishway. In addition the amount of sediment
loading of the Cootes Paradise is an issue. The cumulative discharge of water from Cootes Paradise,
esnmate&omtheﬂowdam,wmassxstmaddrmngthesedmentlmdmgxssue. Thxsreportdescn'besthe
findings of the flow monitoring program.

Instrument Deployment

TheﬂowthmughtheﬁshwayandcanalcmmechngCootesParadlseandHamﬂwnHarbounsnot
controfled. That is to say, there is no structure, natural or man-made, that constrains the flow in such a
manner that conventional discharge measurements can be made. It was decided to use a two-axis’
(horizontal) current meter that would simultaneously measure magnimde and direction of the flow. In
addition to the flow, temperature and optical backscatter (to obtain a measure of turbidity) were also
monitored. The three instruments were deployed from April until November 1997, approximately in the
middle of the fishway. The two axis electromagnetic current meter with its sensing volume at 0.6 times
the depth below the water surface, a temperature sensor and an optical backscatter sensor were co-located
as indicated in figure 1. The current meter and temperature sensor were logged every 20 minutes; each
value represented a five-minute average of data collected at one sample per second. The optical
backscatter was logged once every 20 minutes. Because of the high level of biological activity in the
water, the sensors were cleaned ance every week.

Thewholedeploymentwashmkmupmm9mdmdualdeployments.usuallysepmtedbyadayortwom
service the current meter. For the first, second and part of the third deployments, the meter was
suspeaded by cable between the fishway deck and an anchor on the bottom. For the last part of the third
and the reminder of the deployments, the meter was supported by a rigid frame attached to the fishway
deck. The secand part of the third deployment was terminated when it was discovered that the current
meter was damaged. It was repaired and returned to service. The time periods of the deployments are
summarized in table 1. )

Near the end of the measarement period a portable Marsh McBirney electromagnetic carrent meter was
used to take current profiles once each day for about three weeks. Fourteen stations across the fishway
were monitored (see figure 1). At each horizontal station one measurement was taken 0.5 m below the
surface, one at 0.5 m above the bottom, and one approximately in the middle of the water colomn. The
flow was monitored for about 20 seconds for each measurement and a representative value recorded '
manually

Other Data Sources

To complement the flow measurements, meteorological data from the NWRI meteorological station at the
BmhngmnhumdukeOnmomlevddamﬁmmeCanamanHydmgapMcSaueemnm,dm
at the Burlington Pier, were obtained. Summary rainfall data were obtained from the weather station at

the Hamilton Airport. ThemewmologlmMWereavaﬂableevalemmmandthemleveldam
mylSmmawwhw
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Histograms of Flow Direction

Togetanoverviewoftheﬂowinﬂneﬁshway.histogmnsofﬂxenumbaofﬂowoccmences,asaﬁmction
of direction, were plotted for each deployment. The approximate orientation of the fishway is 20° True, so
that inflow normal to the fishway axis would be at -70° True and outflow at 110° True. Because the
fishway is not lined up with the axis of the channel connecting Cootes Paradise with Hamilton Harbour, it
is to be expected that the flow directions will deviate somewhat from these two directions. The first and
fourth deployment histograms are shown in figure 2 (all histogranis are shown in the appendix). It is
clear from these plots that the curreat was strongly bipolar. In deployment #1 the peak directions were
-60and 137° True; in #4 they were -19 and 187° True. The peak directions for deployment #1 are
reasonably close to the directions normal to the fishway and may be taken as representative of inflow and
outflow respectively. The shift in the recorded peak directions between deployments #1 and #4 occurred
sometime during deployment #3. The direction results of deployment #3 showed two peaks in each
direction that could not be resolved in terms of time, so that data were not used in the rethainder of the
analysis. The shift in direction response is believed to be a result of the change in the meter mount, but is
not totally resolved. There is, however, no doubt that the peaks at less than 100°T were inflow and at
greater values were outflow. In the subsequent analysis of the data all flows with angle less than 50° were
assumed inflow for deployments 1 and 2 and less than 100° for deployments 4 to 9; angles greater are
assumed to be outflow. The mean flows, in dnd out, were computed for each deployment, and are
summarized along with the mean directions in table 2. .

Time Series

The time series plots of vanablxﬂxandeploymentshavebempreparedandareshowmtheappendm
An example of the beginning of deployment #1 is show in figure 3. The most noticeable feature is the
frequent reversal of the current direction at the Fishway (this segment happens to be one of the clearest of
all the time series in terms of the regularity of the flow reversals). For example, during Day 109 there are
8 incidents of outflow and 7 inflows. The wind was moderate out of the north. There were numerous
small (less than 3 cm) variations in the water level at the Burlington Canal and upon close examination it
appears that most occurrences of outflows were linked to falling water level or a decrease in the rate of
rise of water level. Outflow events appeared to lag the water level drop events by up to about half an hour,
with considerable variability. Water temperature data (shown on the plots in the appendix) showed
indications of flow reversals.

The optlcal backscatter sensor (OBS) was operational from deployment #3a through #9. Examination of
the time series (see appendix) for this sensor shows clearly that the sensor was adversely affected by
fouling. It, along with the current meter, was cleaned on a weekly basis. Nevertheless, its output typically
reached saturation level within a few days, rendering it useless expect for the most qualitative analysis
during the short periods the output was not saturated (saturation corresponds to complete backscatter,
attributed to heavy fonling of the lens).

Extended Outflow and Inflow Events

Extended outflow events were extracted from the tirfie séries and are listed in table 3. In this exercise
events that had outflows for more than four hours were identified and information on water levels, wind,
and rainfall were recorded. The information in table 3 was extracted from thetimeseriesplots’ visually so
are descriptive rather than preclse. An important feature that emerges from this summary is that the
water level at the Burlington pier was usually dropping diring an outflow event (about 80% of the events).
The water level was steady for 20% of the events. The wind conditions were more variable. Broadly
speaking, the wind was out of an easterly direction for about 62% of the events and out of a westerly
direction the remainder, However, the wind conditions before events had an easterly component for 80%
of the events, often for more than 12 hours beforehand. This level of occurrence was the same as that of
falling water level. Rainfall during an event was fiot typical, occurring only for about one quarter of the

. ;

=

i 3
e e et am s ot E e A e e L s




events. The time of day when the events started show a pattern in that less than 10% started during the
daytime,

Extended inflow events were similarly extracted from the time series and are listed in table 4. Typically
the events were less numerous than the extended outflow events and were of shorter duration. The
strongest correlation is with water level rising at the Burlington pier. Of the 20 events the water level was
rising for 19, and steady for the other one. The wind direction during an event did not show a strong
pattern, but the wind for at least six hours before the event was westerly for 15 of the 20 events (75% of
the events). A striking feature was that the events typically started around mid-day (12 times at about
1600 GMT and 3 times at about 1800 GMT: 75% of the events).

Frequency Domain

From figure 3 it is apparent that there were frequent quasi-regular reversals of the flow at the fishway.
The time series of the flow and the water levels were analyzed in the frequency domain to investigate any
links to know driving processes. The flow spectra are presented in the form of rotary spectra (Gonella,
1972; Rao et al., 1977). The rotary spectrum technique is used here to try to detect rotation that could be
attributed to a large eddy or eddies in the fishway area. If the peaks in the two directions were of different
magnitude it would indicate the preférence for one direction of rotation over the other, and hence the
likely occurrence of a persistent eddy. The spectra for deployment #1 are shown in figure 4a (all others
are in the appendix). Bothdockwxseandcounwrclockwnsemecuahavepeaksofthesamemagmmdeat
periods of about 14.3, 5.3 and 3.1 hours. There is no indication of a preferred direction of rotation in the
flow reversals for this or all the other deployments, indicating that there were no large eddies detected..

Thepeakvdoatymvasﬂpa‘mdsmdmmlevdpemdsfmaﬂmedepbymmmmsmmmzedm
tables 5 and 6. Both flow and water level clearly show what appear to be semi-diurnal oscillations, and
the first harmonic of the semi-diurnal. The flow has several other shorter periods, most notably around
3.2hours.

Cross-specu'awerecalclﬂawdbetwemtl:ewaterlevelattheBurlingtonPierandthcoulﬂowatthe
fishway. This analysis shows where, in the frequency domain, the energy is concentrated (similar to the
rotary spectrum). It also shows, through the caherence, whether ar niot pairs of variables are related.
Deployment #1 is shown in figure 5. The periods where the coherence was high are listed in table 7. The
predominant periods are the semi-diurnal tide and the first harionic of the tide. Two additional driving
mechanisms which might cause periodic flow reversals were investigated: Helmholtz resonance (Fréeman'
et al.,, 1974) and exchange flows (Hamblin, 1997). Fréeman et al. réported the period of Helmholtz
resonance for Hamilton Harbour and the open lake 1o be 2.5 hrs. The method of Hamblin allows the-
estimation of the period of exchange flows between two enclosed bodies of water. In this case Hamilton
Harbour, CmmPara&se,mdmecmnecungchanndgwmmwaeuMmdmepmodofmnanm
was estimated to be about 1.8 hrs. 'meﬂowdatashowssomeev:dmceoﬂmhphmmnena.bmmostof
the energy is in the tidal components.

Cumulative Discharge

Theumesen&ofthevelomy,takenthhthemsemmalmdthemattheﬁshwaymbeused
to estimate the camulative discharge at the fishway. The flow was only measured at one paint in the
cross-section, and the flow is assumed to be normal to the plane of the fishway, so that there is
considerable uncertainty in the estimates. Nevertheless, the estimates give some guidance as to the
discharge. Both the outflow and inflow cumulative discharge, as well as the net cumulative discharge, are

‘plotted versus time for the first deployment in figure 6. This plot-graphically depicts the oscillatory nature

of the flow at the fishway, and shows that, although there is considerable flow in both directions, there is
substantially more outflow than inflow. The plots for the other deployments are in the appendix.



Comparison with the Portabie Current Meter

During the latter part of the field season, staff of the Royal Botanical Gardens used a portable Marsh
McBirney current meter to measure the flow at three elevations at 14 stations across the fishway. The
elevations were at 0.5 m above the bottom, 0.5 m below the water surface, and approximately the middle
of the water column (estimated visually at the time of measurement). Table 8 shows the fiow measured by
the portable meter at the mid-depth at the two stations (9 and 10) that bracketed the fixed current meter
and the flow measured by the fixed meter. These stations were in about 4.3 m of water so that the hand
held meter would have been about half a meter above the fixed curtent meter. Thus the meters were close
enough that the flow could be expected to be roughly the same at the two mid-depth locations for the
portable meter and the fixed meter location, given steady flow. The fixed meter time that was closest to
the estimated portable meter time was used. When the readings at station 9 and station 10 differed by

" maore than 50 % of the smaller reading, two more fixed meter values are tabulated which bracketed in time
the portable meter readings. The possibility of flow reversals at the time of the measuremeants can thus be
examined.

In general there is relatively poor correspondence between the two readings taken with the portable meter
at station 9 and 10, even though the readings were taken within a minute or two of each other. Out of the
fourteen sets of portable meter readings at stations 9 and 10, the two differed in seven cases by more than
50% of thie value of the smaller reading (In one case the flow was in the opposite direction!).

The agreement is even worse between the fixed meter and the partable meter. Of the twelve comparisons
between the two meters, the flow was in the same direction ten times, eight times the portable meter read
high, and twice the fixed meter read high. Of the eight, three showed large differences between station 9
and 10 suggesting varying flow conditions and possible flow reversal, this was not supported by the fixed
ineter readings in two of the cases, but some variation in the third was observed. Of the two with the

fixed meter reading high, one suggested flow reversal from the portable meter and was not confirmed with

the fixed meter. Of the two cases were the two meters indicated flow in opposite directions, the fixed
meter data indicated a flow reversal in one case.

Calibration of the Meters

The National Calibration Service, NWRI, calibrated both the fixed Neil Brown meter and the portable
Marsh McBirney meter. The pre-field calibration for the Neil Brown meter was used for this report. The
post-field calibration indicated that the meter was reading up to 10% high at the end of the season, but
there was no indication that the direction sensitivity had changed. The portable meter calibration
equation was found to be: )

V = 0.974(Indicated Reading)+0.0127 m/s,
where V is the actual velocity of the calibration carriage. This equation indicates that the meter reading
gives the correct velocity within about 3%. It was noted that there is an offset 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. Whén the meter was turned so that it was facing away ﬁ'om the flow the indicated
reading was only about one-half of the true velocity.

Discussion

The flow at the Fishway was predominantly bi-directional. The histogram plots show that the flow was in
and out of the fishway and that there are more outflow occurrences than inflow. That this should be so
can be understood by realizing that the meter takes a record every 20 minutes and many outflow events
last longer than that so they are recorded as multiple occurrences.

Examination of the time series provided a useful tool in analysing the data from all the sensors and in
delineating events. It is evident from these plots that the relationship of the flow with possible dominant
processes was complex, While major rainfall events did appear to have-an effect (primarily in prolonging
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outflow events), wind direction and water levels clearly played the major roles in the extended events.
The temperature data may be of some use in identifying water from the wetlands or the harbour. For
example, shart inflow or outflow events may simiply return water to its previous location and would be
indicated by minaor of no temperatare changes. Exchanges ofwaterwouldbemm‘kedbysxgmﬁcant
temperature changes.

Tabulation of the extended outflow events showed that they were well correlated to the occurrence of
easterly wind events. About 80% of cutflow events longer than 4 hours duration were preceded by winds
with an easterly component for at least six hours, and were accompanied by falling water levels. The
latter appear to be due to wind direction changes at or during the event (usually to a westerly component).
In simple terms it appears that long wind events with an easterly component set up the west end of the
lake and harbour. A shift in wind direction to a westerly component causes the lake and harbour levels to
drop, promoting a significant outflow event at the fishway. Only 10% of the events occurred in the
daytime.

A similar observation can be made for inflow events longer than four hours. In this case, 75% of the
events are preceded by winds with a westerly component for more than six hours, It appears that the
westerly wind set down the western end of the lake, helping to drive water out of Cootes Paradise. When
the westerly wind relaxes (either by a drop in speed aor change in direction) the water in the lake and
harbour rises forcing water into the wetlands. Most (75%) of the events occurred around mid-day.

The wind direction at the Burlington pier can be used as a guide for predicting outflow and inflow events
longer than four hours. When the wind has an easterly component for six hours or more, it can be
expected that, when the wind shifis to contain a westerly component, an outflow event of four hours or
longer may occur (80% of the extended outflow events had these wind conditions). Similarly westerly
wmdsfurs:xhourscxmoremayleadtoaprolongedmﬂowevent(?S%ofsucheventshadthwewmd

Canada site at <http://www.tor.ec.gc. ca/foreeastslreuo ch?cxty-Burhngton&provmce=0ntano>
Alternatively, the metearological data from the Royal Botanical Gardens could be used, but a comparison
of the flow data with the RBG meteorological should be made to ensure that there are no biases compared
to the Burlington pier data.

To put the frequency of the occurrence of these extended events into perspective, note that the total
deployment was about 186 days long. There were 46 outflow events and 20 inflow events of four hours
duration or longer. Therefore on average either one or the other only occurred about once every three
days.

Shorte.rpenodﬂowrevasalsdonotappemtoberelatedduecﬂytoanyobwouscauses.raﬂmmeyare
likely free oscillations set up by the larger wind driven events. The frequency domain analysis revealed
that there was a tidal component to the oscillations as well as a harmonic of the tide. Same evidence of
both Helmholz resonance and of exchange flow resonance was noted in the flow spectra, but the energy in
these oscillations was usually quite small compared to the tide and first harmonic of the tide. Use of the
rotary spectrum analysis indicated that there was no preferred direction of rotation and hence the meter
was not likely in a persistent gyre or eddy within the fishway. The high coherence between the water level
and the flow at the tidal periods indicates the water level in the lake is an important factor in the flow
reversals at these periods.

Themmulanvemschmgeﬁgmmomdeadmmancmusmnmofmeﬂwmwsmmeﬁshmy

They also indicate that the net flow during each deployment was out of the wetlands into the harbour.

The net outflow was significantly greater in the spring and fall than it was during the sommer, when the
flow was mare balanced. While the discharge data can be used with suspended sediment data to estimate
the net discharge of sediment, caution most be exercised. Firstly the discharge data are based an only one
flow measurement in the cross section (albeit the most appropriate location was chosen), so that the
vananmmﬂowaaossﬁechmnelmdhwceaccm&esmnwdmmhﬂgemnmbemada
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with the wetlands water, which then flows out after a reversal. Finally, to use any sediment samples that
were taken at the fistiway, the time of the sediment samples must be correlated with inflow and cutflow
events to determine if the samples represent harbour water or wetlands water.

There was poor correspondence between the portable and the fixed meter. Indeed, there was also poor
correspondence between half of the readings of the portable meter at adjacent stations taken within a
minute or two of each other. It is clear that the portable meter must be used with great caution because of
the rapid and frequent reversals in flow direction at the fishway. It is quite possible that the flow may

reverse between the time a profile is started and when it is finished. The meter must be properly facing '

the flow when taking a reading; and if the flow direction changes while the meter is being used, the
operators must retake the reading ensuring the meter is correctly facing the flow for the fall
duration of the measurement.

Conclusions

The flow conditions at the Cootes Paradise Fishway were monitored from April to November 1997. The
flow was characterized by many reversals each day. Extended periods (greater than 4 hours) of outflow
were preceded in 80% of the cases by at least six hours of winds with some easterly component (NNE
through SSE). Furthermare 80% of the extended outflow cases (not always the same cases as the wind)
were also accompanied by water level decreases at the Burlington Pier. The outflow events usually
occurred at night (90%). Extended inflow events (more than four hours) were preceded by westerly winds
for more than 6 hours and almost always with rising water levels at the Burlington pier, and usually
happened around mid-day (75%). It would appear that the wind direction could be used as a predictor of
extended outflow and inflow events. Sharter period reversals weére related to the tide, Helmholtz '
resonance and exchange flow resonance, although the energy in these reversals was small. The discharge
data can be used to get rough estimates of sediment discharge from the wetlands. Caution must be
exercised when interpreting spot readings taken with a portable carrent meter.
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1997-10-31 (304); 1425

Tables
Table 1. Cootes Paradise Fishway current meter deployment summary. ;
Deployment ' Start Date (Julian | Stop Date (Julian Comments
Day); Time Day); Time (GMT)
(12381 1097-4-18 (108); 1625 __| 1997-4-24 (114); 2045 -
12382 1997-5-2 (122); 1625 1997-5-28 (148); 1505
12383 1997-5-30 (150); 1425 | 1997-6-18 (169); 1405 | Direction uncertainty
12383a 1997-6-20 (171); 1625 1997-6-27 (178); 1425 Dnrecuonuncu-mng '
12384 1 1997-6-27 (178); 1625 | 1997-7-16 (197); 1345 ,
12385 1997-7-17 (198); 1625 1997-8-13 4225); 1345
(12386 | 1997-3-14 (226); 1425 | 1997-9-8 (251); 1405
12387 1997-9:10 (253)%;1925 | 1997-9-29 (272); 1225
12388 1997-9-30 (273); 1425 | 1997-10-28 (301); 1245
12389 '1997-11-28 (332); 1245

TabIeZ.MeanﬂowsatCoomParadlsedunngl%7deploymmts The decision as to whether an
occurrence was an inflow or outflow was based on inspection of the occurrence histograms: for A12381
and 2 angles less than 50°T and for A1234-9, angles less than 100°T were considered inflows. The
iheans are vector averages for all occurrences of inflow or outflow respectively. The net flow weighting is
basedonthenumberofoccurrenmmeachdmon(inﬂowandomﬂow)

Deployment Inflow Cutflow o
- Mean No.of | Mean | Mean | No.of | Mean | Net Dir'n
Velocity | Occurr | Dirn | Velocity | Ocowr | Dir'n | Weighted | Differe
[m/s] ences | [°T1 | [m/s) ences | [°T] MeanVel nce
_ [m/s] | {°T)
A12381 0078 157 60 ] 0.109 289 137 0.043 197
A12382 | 0.082 539 |58 10115 1328|149 0.058 207
A12384 ] 0.066 | 635 -19 0.086 714 - 187 0014 | 206
A12385 0.070 980 -10 10105 . ]961 189 0.017 199
A12386 0.086 679 -11 0.147 1121 197 0.059 | 208
A12387 0.072 468 11  }0.116 880 189 0.051 188
A12388 0.090 719 -10 0.143 ] 1203 | 195 0.060 - 205
A12389 0.079 | 627 ‘3 0.124 1384 196 10061 |191




_Table3. Bmdedoutﬂnwevenls(mmedmnﬁmhm)atdwﬁshwaym 1997

Date (Julian Day), Start | Eveat Water Wind Wind Rainfall, | Maximum
Time (GMT) Duration, | Level Direction’ Direction mm/day | Outflow’,
_ o hrs beforeEvent® | m/s
3 May (123), 1500 12 04
6 May (126), 0800 8 0.3
9 May (129), 1200 6 0. 04
12 May (132), 0900 8 W _ W> 12 0 03
15 May (135), 0900 8 ENE > W 15.6 0.3
16 May (136), 0600 6 W — NW 24 104
28 June (179), 0300 6 SSE - WNW 0 <01
30 June (181),1800 |6 NE > W 0 01
31 July (212), 0400 8 SSE — WNW 0 02
13 Aug (225), 0200 8 ENE — NW 18.2 0.3
15/16 Aug(227/228) 6/8 NE — WNW 152/0 |05
(18000100 | _ _
| 18 Aug (230), 0900 6 'NNE 0 03
19/20 Aug (231/232). 6 E—>NE 0/11.2 |03
21 _A_y (233), 0600 12 | ESE 0 0.3
23 Ang (235),0000 18 NE —» NW 0 03
25 Ang (237), 2200 12 NW > E 0 0.2
| 26 Aug (238), 1800 8 E 0 102
27 Aug (239), 1700 8 E-W |0 103
28 Aug (240), 0000_ 6 W W> 12 0 103
1Sept (244), 1600 8 SE-W 0 02
2 Se pt (A45), 8 »_ W 0 ~ 102
6 Sept (249), oooo/mo 6CX2) W W 12 10.5 02
7 Sept (250), 0100 6 W W>12 0 0.3
“11 Sept (254), 0400 6 - 0 0.2
13 Sept (256), 0500 6 o 0.2
15 Sept (258), 0800 |6 0 0.3
4 Oct (277(1)), 0000 6 0 0.3
4 Oct (277(2)), 0900 6 Jo o2
14 Oct (287), 0600 8 ] 0 0.4
15/16 Oct (288/9),1900 |8 0 103
17 Oct (290), 0600 8 0 0.3
17/18 Oct (290/1), 1960 | 8 0 0.2
18 Oct (291), 0900 8 1o 0.3
18/19 Oct (291/2),2200 |8 0 03
27 Oct (300), 0300 24 35.1(299); | 0.8
- 11.6
/273 Nov (305/6ﬂ). 30 24.6(305) | 0.6
3 Nov (307), 1200 IE 24.6(305) | 0.3
12 Nov (316), 0400 8 W o NW W> 12 10 0.3
14/15 Nov (318/9), 1800 | 8 SE— NE 20.2 0.2
16 Nov (320),2200 |8 NW - W 0  |o2
22 Nov (326), 1400 8 E-NE 3 0 0.2
24 Nov (328), 0300 8 | steady ‘NW W12 10 0.1
26 Nov (330),1500 |8 . steady W w> 12 0 0.2




! Direction dmingtheevent.gﬂlearrowinmmmemndduecnmchangedﬁ'omtheﬁrsttotheseoond
direction before or during the event.

?Direction conditions before event (‘E’ means with an easterly componeat, *W’ means with a westérly

component).

*Approximate: determined visually from the time series plots.

Table 4. Extended inflow events (more than four hours) at the Fishway in 1997.

Date (Julian. Day). Event Water Level | Wind Wind Rainfall, | Maximum
Time (GMT)! Duration, | Direction Direction mm/day Inflow?,
_hrs beforeEvent* | m/s_

29 June (180), 1600 | 4 E 0.1

1 July (182), 1600 | 4 TE T 02

2 July (183), 1600 7 B 8.5 02
5 July (186), 1600 | 6 1w 0.2

7 July (188), 1800 4 SE 34 0.1

18 July (199), 0400 | 4 WNW 02

18 July (199), 1300 | 4 _ W 0.2

18 July (199), 1800 | 4 NW 02

1 Ang (213), 1800 7 w 0.2

2'Aug (214), 1600 5 v 0.2

3 Aug (215), 1600 | 4 S 03

8 Aug 220),1600 |5 W 0.2

12 Qg. (224),1100 | 8 NE - 0.2

17 Aug (229), 1600 | 4 ESE 0.9 - 02

19 Aug (231), 0400 | 4 NE 02

19 Aug (231),1600 | 5 E 02

2 Sept (245), 1600 4 W 0.2

14 Sept (257), 1600 | 4 WoS 03

14 Oct (287),1600 | 4 1w ~ 06 03

15 Oct (288),0200 | 5 steady NW 02

‘! Approximate start time of inflow event.

2 Approximate: determined visually from the time series plots.

Tahles PmodsofthespectmlpeaksmﬂlerotaryspecuaoftheZOnnnmevelomtynmesermatthe

‘ _ﬂ_LeMestpeek(other than semni-diurnal ndm)
* *
) v 143 53 |31 _ 1.3 1.0
2 26.3 12.3 45 - 32
4 13.9 5.0 3.1 23 1.7 14
] 1263 122 |50 134 |25 N
6 25.0 125 4.8 32
7 13.9 50 32 23 NN 14
8 12.5 50 32 1.7
9




TableG Pmodsdmemdpedmdmels-mmm‘mlevdummanhngmﬁaaake

E

133
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114
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T8 |
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115

33

wloo | jwn]|evol=

Table 7. Periods of hxghcohu‘euoe(typmﬂyWSS)baweenmewmlevelatﬂleBmhngthand

__the outflow at the fishway.
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49

114

130

5.1

1.7

wloolujalwn]sfol-

18.9/11.2
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Table 8. Velocities measured by the portable cirrent meter at stations either side of the fixed meter, and
by the fixed cirrent meter, at approximately the samie time. The shaped portable meter times denote that
thereadmgsﬁ'omthetwostaumsared:ﬂ'erentbymmethanSO%nfthemnaﬂureadmg.theﬁxedmeter
readings thatbracketthesereadm'havebemmcludedsothatanyu'mdmumewﬂlbeshuwn

[Date (Julian Day) |Time' ) Velocity”, |Velocity?, [Time, GMT Velocity,
GMT m/s, at Stn 9 |m/s, at Stn  |(fixed m/s, fixed
(portable |(S of fixed {10 (N of meter) meter
nieter) |meter) fixed meter)
11 Nov 97 (315) ' , L ]1625 {0.06
: [0.43 [0.28 1645 loae
- ' T ’ 1705 .~ loa4 |
12 Nov (316) 1427 [0.55 .056 1445 [0.24 [0.57
I3Nov 317) | | T 32 o33 .
] 1.09  Jo20 1345 {0.33 0.49
[ 1405 032 '
17 Nov (321) 1452 038 040 1505 lo.08 10.63
18 Nov (322) 1338 [0.01 0.01 1345 l0.02 -1.00
19 Nov (323) Cj132s 0 foas T ]
~_Joosa o j0a3 1345 l0.15 -1.24
05  jomn |
20Nov(324)  |1428 041 Jo30  [1425 [0.07 {0.80
21 Nov (325) 1805 10.17 S
o 040  fo2s @ Ji1g2s joa4 . los7
o 1845 l0.07
24 Nov (328) © 1325 - . ]0.10 B
0.20 0.02 1345 |-0.04 1.36
L _ ' 1405 0.03
25 Nov (329) 1325  10.26
S I ' 10.57 {023 1345  Jo21.  [o048
1405 0.16
26Nov(330)  [1335 036 1042 @ 1345 = |-0.18 _ |146
27 Nov (331) l0.45 10.39 1405 lo.21 _]o.50
28 Nov (332) l0.05 004 ) L -
1 Dec (335) 10.18 025 . -

"I'hemnereportedhere1s7mmuteslaterthanthereponedsmrttimeofeachpmﬁlemeasmanentset.
Each set of all the stations took about 15 minutes, and stations 9 and 10 are about in the middle of the
stations, and so the two were measured within a minute ar two of each other.

2 These velocities are spot readings: as soon as the reading appeared reasonably steady; the value was
recorded. : »
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current meter (CM), and the 14 stations (x) used for the portable current meter. '
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Figure 2. Occurrences of flow greater than 1 cm/s by direction: a) Deployment 1, b) Deployment 2.

' - - . Lo . ] . n . [T [ arevrrrwamat P Py . [ s

OSSP TR PSP PP U POV oSS S S U N

.



400 N ¥ =¥ ) i L L] ) ) L)
f~
300+ Mo P
' ~
i
|
N
§ 200-:
g |
8 !
@ 1oom [
8 |
= M
§ 0 ~-J ";".Ef \t; ‘ .,- —.-; ’::.. .
BAIRE:
—100 :'.. :: .'ii. '..

~20000 1002 1094 1096 1098 110 1102 1104 1106 1108 11
Time, days (Origin at Julian day 108: 08 April 1997)

Figure 3. Time series of the flow magnitude (—, cu/s) and direction (—, °T), water level (---, multiplied
50 times and mean removed, cm), and wind direction (= =,°T) for a portion of recard for deployment #1.
Gaps in the flow magnitude and direction plots occur when the flow is less than 1 cm/s.
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CND (***_ pet),
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Appendix

The appendix contains the complete set of figures for all ﬂledeployments:hismgramsofﬂowdirecﬁoﬂ:

- time series data from all the sensors; rotary spectra; cospectra of the outflow and the water level;

cumulative discharge.
The figures that follow next are the histograms of flow direction for each deployment.
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N

Theﬁgmuthatfollownextaretheumemdata&omthemm ‘Vel’ is the magnitude of the
velocity from the Neil Brown current meter. ‘Dir’ is the flow direction. ‘WD" is the wind direction.

- “Temp’ is the water temperature, ‘WL is the water level with the mean removed. The units of each are
indicated in the ordinate label. ‘deg’ is short for degrees. Thenmessemshavebeenmulnphedand

shxﬂzdbyconstantsasmdmawdtowparatethmmmeﬁgures.




Cootes Paradise Fishway, Deployment #1

400— — T T T — — ] T T |
WD/5+300 ; L g : S o )
. N : L : : : .

350

300} -+

250

0802 hrs, 1698/4/14

3
=]

100

o

2*Vel,cm/s; Dir/2+1 00 and WD/5+300,deg T; 10*Temp,deg C; '20'WL,chs':
o g

-50
20*WL -
_100l i i i i i i i

108 1085 109 1095 110 110.5 111 1115 112 125 - 113
Time, days, StartatDay 108 (08 April 1997) : A



’ : o Cootes Paradise Fishway, Deploymant'#-1 o | |
400 T T T T ! T ! T

300
g
¥
250 L ..................................................................................... - .E.
]l : pirestoo : : |
200 ............. ...... ............. ..... R SRR T

2*Vel,cmvs; Dir/2+100 and WD/5+300,deg T; 10°Temp,deg C; 20*WL.cm/s;
8 3

. i i i
116 116.5 117 117.5 118
Time, days, Start at _Day 108 (08 April 1997)

1

&0 : ; a A
- M3 113.5 114 114.5 115 115.5



400

) S &
o =] =]

2*Vel,cm/s; Dir/2+100 and WD/5+300,deg' T; 10*Temp,deg C; 20*WL cnvs; 20*obs,v
o

-300

e e e e e e N v . B . ' . P RTRr Stk bates o O ‘— o

Cootes Paradise Fishway, Deployment #2

! ! ! : .l, : ! 1 ! !

""\~..,,....---w~-:r-\ et T“"" s ..-—'s,.-m«r‘\ goosme \,"‘*\.,.‘r" w\vaN

WDI5+300 Mt B N

'

-
o -
o

1
N
o
Q

: : : J ‘ : : : oo D
e f OB e T RIS SRR PRES B EITITT SITRSTI [OPRPPIE T
. N .. . . . . . . . -

0910 hrs, 1608414

i

i

122 122.5

123

- 123.5

124

124.5

i
125

Time, days, Start at Day 122 (02 May 1997)

125.5

i
126

126.5

127



10*Temp,deg C;

.
?

20*WL,cm/s; 20%obs,v

2*Vel,cm/s; Dirf2+100 and WD/5+300,deg T

Cootes Paradise Fishway, Deployment #2

400

350}

--------------------------------------------------

-------------

i

.
.

i

I 1
127.5 128

L. 1 : 1 i
128.5 129 129.5 130 130.5
Time, days, Start at Day 122 (02 May 1997)

131

131.5

132

0918 hrs, 1988/4/14



Cootes Paradise Fishway, Deployment #2
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Cootes Paradlse Fishway, Deployment #6

2*Vel,cm/s; Dir/2+200 and WD/5+300,deg T; 10*(Temp-10),deg C; 50*WL,cm/s; 20*obs,v
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