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MANAGEMENT PERSPECTIVE 

A 

The winter exchange behaviour between Lake Ontario and 
Hamilton Harbour is responsible, in part, for reducing the toxic 
ammonia buildup at the end of winter in Hamilton Harbour. In 1989, 
data were collected in conjunction with the evaluation of the AFFRA 
flow meter in Burlington Ship Canal. The report displays the final 
edited data collected in support of the AFFRA study.



SOMMAI-RE 11 L'IN'I!ENTION DE LR DIRECTION 

Le comportement d'échange, en hiver, entre 1e lac Ontario et le port de 
Hamilton, est responsable en partie de l'accumulation réduite d'ammoniac 
toxique 5 la fin de l'hiver dans le port de Hamilton. En 1989, des données 
ont été recueillies de concert avec l'évaluation du débitmétre AFFRA dans le 
canal de navigation de Burlington. Le rapport présente lee données finales 
recueilliea a l'appui de l'étude AFFRA.

A
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1. INTRODUCTION 

In the review of earlier studies of the winter ex- 
change in the Burlington Ship Canal, Hamblin (1989) pointed out 
the need for more reliable observations of flow, meteorological 
forcing and water levels than were currently available. These 
data are required for the purposes of validation of a numerical 
model of the winter exchange between Hamilton Harbour and Lake 
Ontario. To this end, a flow meter, AFFRA, was established in 
the Burlington Ship Canal during the earlier portion of 1989. 
The results of this study have been reported by Hamblin et al. 
(1989). As well as flow measurements, meteorolgical data and 
water levels were collected simultaneously in order to drive the 
numerical model of the exchange flow of Hamblin (1989). In 
addition, conductivities at two locations were observed in order 
to provide an independent test of the exchange flow based on the 
mass balance of dissolved solids. 

The following reports on this ancillary data set by 
displaying the data and provides archival information on the 
data storage. 

2-. STUDY LOCATION, DATA REDUCTION AND DISPLAY 

The locations of the measurement stations are given in 
Figure 1 in plan view and as a cross—section along the ship 
canal in Figure 2. The levels of the instruments were surveyed 
from a bench mark on the left bridge to an accuracy of 0.2 cm 

(H. Don, personal communication). All the data sets to be 
described below were first plotted and obviously erroneous
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points were deleted and replaced by an error flag (see 
Appendix). 

2.1 Water Level 

Water levels were measured by a Sea—Data wave—and=tide 
pressure recorder and by two Applied Microsystems tide gauges. 
Each of these gauges also measured water temperature which was 
used to internally correct the readings for thermal effects. 
Standard calibration. formulae. obtained by the National Rhter 
Research Institute's calibration laboratory were applied to the 
raw data to convert than to a pressure in mb. In the case of 

the wave—and—tide recorder, a standard atmospheric pressure of 
1013 mb was subtracted from the total reading. Next, the 

readings were converted to water depth in metres by dividing by 
100 and adding the result to the elevation of the tide guage 
with respect to the International Great Lakes Datum (IGLD) 
(1955) (see Figure 2). 

Additional water level data at the permanent water 
level gauge on the lake end of the pier were obtained from the 
Water Survey of Canada. After converting these data to GMT, the 

water level was obtained by adding the local gauge elevation of 
74.005 m to the readings. In all plots, the monthly means have 
been subtracted (see Table 1). 

Figure 3 shows the two tide gauges at opposite ends of 

the ship canal. Similarly, the tide—and-water level and the 

Water Survey of Canada guages are presented in Figure 4.
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Due to the failure of the wave—and-tide recorder after 
two weeks operation, no attempt was made to process and display 
wave amplitudes and periods. 

2.2 Meteorological Data. 

The wind speeds and directions were averaged with a 

uniform average of 15*minute readings over a 2.25—hour period. 
The 15-minute readings were obtained by interpolation (in some 

cases) from the standard 10-minute sample of the Campbell Scien- 
tific meteorological system. The averaged winds were plotted in 
stick vector format in Figure 5. 

Relative humidities and air temperatures are plotted 
at 15-minute intervals in Figure 6 and Figure 7, respectively. 

2.3 Water Temperature 

Measured water temperatures are displayed at four 
locations in Figures 8 to 11. 

2.4 Conductivities 

At each instrument, laboratory calibrations were 
applied to the conductivity readings and temperature sensors and

O the data were corrected at 25 C using a relationship for Lake 
Ontario (G.K. Rodgers, personal communication). These data
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series are plotted in Figures 12 and 13. The formula used for 
this conversion is: 

Cond correc-ted = Cond x (1.8375-0.0456 x 
Temp + 0.000484 x Temp_2') 

where Cond is the Conductivity (us) 
and Temp is the Temperature (°C) 

2.5 Merged Data File 

The data reported in this study were merged with the 

AFFRA file (I-Iamblin e_ta]_._. 1989). The reader is referred to the 
Appendix for details on the merged data file and for archival 
information on the data. In addition, the combined file was 
transferred to 3.5-inch personal computer diskettes. The 

computer programs used to process and display the data are 
briefly listed in the Appendix. All the calculations were 
performed using the Natonal Water Research Institute's Cont-rol 

Data 830 computer. Graphs were produced using a Calcomp 
plotter. Please note that the speed correction to the AFFRA 
data indicated b Hamblin et apl. ~(198p9) has not been applied to y -“ii 
the AFFRA data.
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Figure 1 

Figure 2: 

Figure 3: 

Figure 4: 

Figure S 

Figure 6
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FIGURE GAPTIONS 

Location of instruments by the Burlington Ship Canal. 

Cross—section along the ship canal of instrument 

locations and elevations (IGLD, 1955). 

Time history of water levels in Burlington Ship Canal 

(m) with respect to monthly mean water level. Solid 

line, Lake Ontario, dashed line, Hamilton Harbour. 

(a) January 1989, (b) February 1989, (c) March 1989, 

(d) April 1989, (e) end April 1989. 

Time history of Water Survey of Canada guage (solid 
line) and wave and tide guage levels in Burlington 
Ship Canal (dashed line) with respect to monthly mean 
water level. (a) January 1989, (b) February 1989, 

(c) March 1989, (d) April. 1989, (e) April and May 
1989, (f) May 1989. 

Stick vector plots of winds on Burlington Pier 

(m/s). Winds arep in direction towards east 
(parallel) to time axis. (a) January 1989, 

(b) February 1989, (c) March 1989, (d) April 1989, 

(e) April and May 1989, (f) May 1989. 

Burlington Pier, relative huidity (a) January 1989, 

(b) February 1989, (c) March 1989, (d) April 1989, 

(e) April and May 1989, (f) May 1989.
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Figure 

Figure 

Figure 

Figure 

Figure 

Figure

7 

Burlington Pier, relative air temperature (°C). 

(a) January 1989, (b) February 1989, (c) March 1989, 

(d) April 1989, (e) April and May L989, (f) May 1989. 

Water temperature at harbour end of the Burlington 
Ship Canal fro the upper conductivity guage (°C). 

(a) January 1989, (b) February 1989, (c) March 1989, 
(d) April 1989, (e) APIil end 1989. 

Water temperature at harbour end of the Burlington 
Ship Canal from the lower conductivity guage (°C). 

(a) January 1989, (b) February 1989, (c) March 1989, 

(a) April 1989, (e) April end 1989. 

Water temperature (°C) at the Lake Ontario tide 
guage. (a) January 1989, (b) February 1989, 

(c) March 1989, (d) April 1989. 

Water temperature (°C) at the Hamilton Harbour tide 
guage. (a) ‘January 1989, (b) February 1989, 

(c) March 1989, (d) April 1989. 

Conductivity corrected to 25°C in us/cm at the upper 
level. (a) January 1989, (b) February 1989, 

(c) March 1989, (d) April 1989, (e) end of April 
1989. 

Conductivity corrected to 25 C in QS/Cm at the lower 
conductivity gauge. (a) January 1989, (b) February 
1989, (c) March 1989, (d) April 1989, (e) end of 

April 1989.
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TABLE 3: DESCRIPTION OF COMPUTER PROGRAMS 
Name 

ADDWT
V COMBIN4 . 

COMDATES 
COMTID15 
MAKELEVEL 
MAKES 
PLOT2 ' 

PLOT3 
PLOT4 
PLOTS 
TESTX 
STICK 
WINDM . 

TESTC 
ADDLEV

_ BIGSMAL 
CHTIME 
coMAFRA 
COMTIDE 
GETTIDE 
JOINS 
MTl5 ' 

TIDE 
TIDEC 
WATLEV 

Description 

add wave and tide recorder data to unified file 
merge conductivity and AFFRA files (NOS/VE) version 
merge_decimal dates with data file 
merge and interpolate tide data to the large file 
perform transformations on the water level data for datum E 

creates a binary subfile of plotting parameters 
test of the format of the plotting subroutines 
batch version of program PLOT2 - 

four panel plot of data set ~

’ 

batch version of program PLOT4 with special symbols 
plotting subroutines with months in upper & lower case 
wind vector plotting program 
moving average of wind speed and direction 
fancy letter subroutine to replace for NOS/VE 
merger WSC water level with the conductivity file 
reformat WSC data from large to small blocks 
change WSC data to GMT ' 

merge conductivity, AFFRA and interpolated meteorological file 
merge the two tide files TIDE225 and TIDE787 
extract tide data from the wave and tide recorder raw data fil 
join two conductivity files and apply the transformation 
intepolates meteorological data from 10 to l5 minute intervals 
changes sea data words into time and tide (source J. Bull) 
convert wave and tide recoder units to datum units 
reformat WSC records

I.



APPENDIX



Reclaim TAPE DIRECTORY 
All Files are backed up on reclaim 
TAPE NO WA67 
FILE NAME CONTENTS 
BSCDEC8 
BSCJAN9 
BSCFEB9 
BSCMAR9 
BSCAPR9 
BSCMAY9 
RAWBSC 
RAWBSC2 
PROGBSC 

These files may be recalled by the reclaim command, 

Merged 
Merged 
Merged 
Merged 
Merged 
Merged 
Raw Tide and Conductivity Data 
WSC and Meteorological Data 
All Fortran source code 

Data 
Data 
Data 
Data 
Data 
Data 

Dec 
Jan 
Feb 
Mar 
AP 
Ma

r

Y 

LOAD, TN=WA67, D=GE, FN=File name 

1988 
1989 
1989 
1989 
1989 
1989
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