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Purpose: 

Proposal for Study Project 

To produce and test an improved computational technique for English River near Sioux Lookout OSQAOOl. ' 

The Problem: This station is on the English River just above Lac Seul in a 

Proposed: 

section that resembles a chain of lakes. The control consists of 
a series of rapids between the gauging and metering site and Lac Seul- High stages on Lac Seul produces backwater of the site, expecially at low flows. There is no backwater due to ice during the winter. 
A variety of computational methods have been used, The latest,a Normal Fall technique, was devised in 1967 with subsequent revisions. An analysis in 1977 by myself indicated that although the method was net entirely correct it was the.best of the standard text book methods. 
A plot of the correction curve used in the method was done on March 
of 1980 to enable the curve to be extended. The data from approx. 200 measurements was plotted and the scatter was found to be_very large e.g. for a given condition corregfiieniféétété ranged £909,1-0.(n0_correction 
929.9§§§.£x)___.t_9__,Q..- 6.5; 

To attempt an improved fit with a new computational method it is propos— 
ed that the problem be approached using multivariate analysis e.g. components analysis and multivariate regression. Elements of this might include: ' 

1) Check on stability of the control from 1921 to present by plotting all measurements H vs Q year by year. 

2) Place measurement data on computer file including generated 
data such as fall to Lac Seul. 

3) Produce the envelop curve for H vs Q in equation form. 
4) Use Cybershare's SPSS sub programs FACTOR and REGRESSION to locate 

the significant variables and produce the regression equation re- 
lating them to discharge or a correction factor. 

5) Test the method(s) fOund in (4) against i) the measurements 
ii) the range of conditions iii) the published record, 
looking for in i) a high R2. 

ii) reasonable answers in all ranges of stage and discharge 
,that might be expected. 

iii) periods with significant (> 5%) difference. 

6) Prepare a detail Procedures Mannual for Surveys to compute the 
data operationally and revise past record where necessary.

/ v‘ Ian McLaurin 
April 1980
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SYNOPSIS 

The purpose-of this study, as indicated in the proposal on the previous page, 

was to produce, and test, an improved computational method or technique for 

the English River near Sioux Lookout hydrometric station 05QA001. However 

as the study progressed it became apparent that the problems at the station 

were quite complex and an improved method could not be produced. 

Being unable to develop an improved computational technique the study shifted] 

away from the proposal's outline to investigate the alternatives to the present 

operation of the station. Through these investigations the following recom- 

mendation was arrived at. 

It is recommended that, with the concurence of the Canadian Lake of the Woods 

ControlBoard, the station English River near Sioux Lookout, 05QA001 be 

discontinued . 

This recommendation was made considering the following points: 

i - The quality of the discharge record for this station is well below 
the quality typical for the Shield area of N.W. Ontario. 

ii -— It is unlikely that any improvement in quality can be made 
through a computational procedure that uses the stage at the 
station and the stage of Lac Seul. 

iii - The installation and maintenance of additional equipment to 
continuously measure velocity. slope, or flow is not justifiable. 

iv — The relocation of the station would not be effective. 

v — A requirement for real time data from this particular station 
has not been identified. 

vi — .A reasonable relationship exists between the flows computed at 
English River at Umfreville and Marchington River at McDougall 
Mills and the flow at this station.

iv



ENGLISH RIVER NEAR SIOUX LOOKOUT - BACKWATER STUDY 

1.0 STATION BACKGROUND 
English River near Sioux Lookout OSQAOOl was established in August 

, of 1921 at the CNR bridge west of Sioux Lookout Ontario. over the Pelican Lake 

section of the English River several miles above Lac Seul. During the late 

1920's and early 1930's the Ear Falls Dam at the outlet of Lac Seul was constructed 

and the reservoir filled. By 1936, the high lake levels were causing significant 

amounts of backwater at the station and the stage discharge relationship, which 

had been stable to that time, became unstable. In 1956 the station was moved 

to the #72 highway bridge at the upstream end of Pelican Lake just below Abram 

Lake. The gauge was placed on the Pelican Lake side and upgraded to a 

recorder, The move of the station was only to improve accessibility and the 

backwater problem has persisted to the present time. 

The backwater occurs when Lac Seul is high and the English River is 

low. With the lake being regulated this is a regular occurrence, especially 

in the late summer and fall when river flows have receded but the lake levels are 

maintained high to store water for winter releases. In 1967 Mr.O.Fjeldsted and Mr.D. 

Kinley of WSC. Winnipeg adopted the normal fall computational method for the 

station. This method was documented and used by Mr. J. Long in his "Frequency 

of Discharge Measurement Study — English River near Sioux Lookout, Ontario — 

OSQAOOl" of 1973 (revised 1976). In 1977 Mr. I. McLaurin discussed the normal , 

fall method in his report "English River near Sioux Lookout - Analysis of Comput- 

ation Method" . 

' The report includes discussion on the applicability of the normal 

fall technique to the English River near Sioux Lookout situation and presents the
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idea that the method was hot entirely correct but' more appropriate than the 

constant fall method or the stage ratio method. (These methods of computing 

discharge under variable slope conditions are described in "Applied Hydrology" 

by Linsley,’ Kohler and Paulhus in the McGraw-Hill Civil Engineering Series and in 

the United States Geological Survey's "Water Supply Paper #888”.) 

The normal fall computational method uses three curves — 

1) the base or backwater free stage-discharge curve 

2) the river stage vs. normal fall to Lac Seul curve 

3) the correction curve of the ratio of actual fall to normal 

fall vs. the ratio of the actual (true) discharge to normal 

(backwater free) discharge 

These above three curves can be found on Figure 4. The daily mean values for the 

stage of the English River near Sioux Lookout and the fall, or stage difference, from 

the river site to the Lac Seul at Hudson station are applied to these curves, 

either manually or using the NRMFALL computer program written in 1979 by Mr. I. 

McLaurin and Mr. B. Spencer, to produce daily mean discharges for the English 

River at Sioux Lookout.. 

In 1979 on September 28 a discharge measurement was taken which 

fell outside of the range of the normal fall method's curves. In April of 1980 

during the course of developing the required extension to the correction curve 

the inadequacy of the normal fall method became more apparent necessitating this 

major check of the method.



STUDY APPROACH 
This study was approached by considering that the measurements 

taken at English River near Sioux Lookout were samples out of the population 

of all the daily values for the period of 1921 to 1980 and the curves used 

in the normal fall computation method were models of the population. These 

models could be checked using statistical methods on the available samples. 

As almOst all the data were in Imperial units this report is in the 

Imperial units of; feet for stage or water level; cfs for river discharge or 

flow rate and similar units for the-other variables. 

There were three stages to the study. The first stage was carried 

out by Mr. P. Saka, an engineering student from the University of Manitoba 

working with Water Survey for the summer. By using graphical techniques on 

selected measurements the stability of the base curve of the stage discharge relation- 

ship was examined. Several possible relationships between the river stage, the 

downstream lake stage (Lac Seul) and the river discharge were investigated. 

The first stage provided the groundwork for the second stage. 

The second stage was carried out by Mr. Saka and Mr. McLaurin using 

statistical computer'techniques. Data for the 570 measurements taken at Sioux 

Lookout from Feb. 13, 1921 to July 28, 1980 were placed in a computer file. For 

each measurement the data included; year, month, day, cross—sectional area, mean 

velocity, river stage, metered discharge, equivalent gauge height, equivalent 

discharge and stage at Lac Seul at Hudson. This information was obtained from the 

R56 forms with confirmation from the meter notes when required. To obtain 

equivalent gauge height and equivalent discharge correction factor, stage 

discharge table #12 dated March 13, 1978 was used. The file was broken into



three sub-files; 1921 — 1933 when Lac Seul was low, 1934 ~ 1956 when Lac 

Seul was high and the measurements were made from the railway bridge, and 

1956 - 1980 when the measurements were from the highway bridge. 

The computer programs used in the second stage were those in the - 

SPSS (Statistical Package for the Social Sciences) library at the Cybershare 

computer in Winnipeg. CONDESCRIPTIVE was used to calculate the derived 

variables such as normal fall, actual fall, backwater, etc. and produce the 

SPSS data file. ICONDESCRIPTIVE also calculated the simple statistics such 
as the mean, range, and standard deviation of each variable. FACTOR. with 
its output of the correlation matrix and the factor matrix with a plot, was used to 

obtain an understanding of the interrelationships of the various variables. The 

bulk of second stage of the study was an attempt to find relationships between 

these variables using REGRESSION and SCATTERGRAM. SCATTERGRAM 
plots any two variables in a printer plot and develops the best fit-linear equation. 

In total there were approximately a dozen multiple regression runs made and 

nearly 40 SCATTERGRAM plots produced during this stage of the study. 

The plotting feature of SCATTERGRAM was also used to check the input data 

for errors by plotting, for example, metered discharge vs. the product of mean 

velocity and cross sectional area. Outliers were then checked for possible coding 

errors. 

The third stage of the study was initiated after results of the second 
stage indicated that the accurate computation of discharge using data gathered at 

English River near Sioux Lookout and Lac Seul at Hudson was not possible. 
A double mass curve of the annual discharges from 1921 to 1979 for English River 

at Umfreville and English River near Sioux Lookout was produced and the linear



relationships observed. REGRESSION and SCATTERGRAM were then used to 

determine if a relationship existed between the measured discharges at Sioux 

Lookout and the flows computed for the same day at Umfreville and the 

Marchington River at McDougall' Mills station. Both stations are upstream of 

Sioux Lookout. For the period 1956 to 1980 there were 267 data points 

available for analysis of the relationship between the Umfreville and Sioux 

Lookout station. As the Marchington River station was established in 1961 

there were only 197 data points available for the analyses that included that 

station .
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3.0 

3. 1 

DISCUSSION OF RESULTS 

The Base Curve 

Throughout the years from 1921 to 1980.the base or backwater free 

stage discharge curve has remained essentially unchanged. Figures 5, 6 and 

7 are the plots of all the measurements taken at the station with the present 

stage discharge curve #12 superimposed on them. Figure 5 shows the 66 

discharge measurements taken from 1921 to 1933 in a narrow band 

just to the right of curve #12. In Figure 6, the effect of the high water levels 

is shown as the 237 measurements to 1956 range from just right of curve #12 to 

well left of it. In the cases with the most backwater the metered discharge was 

less than half what curve #12 would indicate. Figure 7 is a plot of the measurements 

for the period 1956 to 1980 with the station at its present location. These 267 

measurements range from just right of curve #12 to the left of it. The left envelope 

corresponds to an approximately 25% reduction in discharge. Due to the very 

significant amount of backwater being investigated and with the allowance for some 

measurement error the fact that the base curve doesn't pass directly through the 

extreme right of the scatter is of little concern to this study. 

A measure of the quality of the actual measurements was assessed by 

plotting stage vs. area for-all the measurements. This produced two straight 

lines, one for each site, and each with a band width of i- 3%. This indicates precise 

measurements of stage and area. 

The scatter of the measurements taken on the English River is then 

determined to be due to backwater, and not a shifting control or large 

measurement errors.



3

3 

.2 

.3 

The Normal Fall Method's Curves 
7\ 

The curves used in the ngrmal fall computational method - The Normal 

Fall Curve and the Correction Curve of Figure 4 - were assessed by plotting 

the points from the measurement data. The plot‘ of river stage vs. the actual 

fall to Lac Seul produced a uniform scatter of points, with no line being 

apparent (R2 = .03). When only the fall of backwater free measurements was 

considered no line was evident either. However, by considering a number of plots, 

each produced with increasing backwater, it appeared ‘that the Normal Fall 

Curve would be better approximated by the equation: 

NFLL = (82.00 — RIVH) where NFLL = Normal (Backwater Free) Fall 
to Lac Seul 

RIVH = English River Stage (~1100 feet) 

as opposed to the existing curve: 

NFLL = (RIVH — 67.93) 

Figure 8, the plot of the correction factor vs. the fall ratio, shows the wide 

(1- 20%) point scatter along with the correction curve in current use. By 

using other normal fall curves and/or by entering additional variables the 

relationship between the fall ratio and discharge correction factor was 

improved only slightly.
I 

The present Normal Fall curves have no statistical significance and 

produce. little improvement in accuracy except that the curves qualitatively 

indicate that at a very low fall the discharge drops. It also appears that a 

more accurate Normal Fall method can not be produced. 

Regressions 

The bulk of this study was an attempt to find through regression



an equation or relationship which related the two continuously measured variables 

to the actual discharge as sampled by the meterings. The two continuously 

measured independant variables are the river stage (RIVH) and the lake stage (LAKH) 

These variables make up other variables used in the analyses including base curve 

discharge and actual fall. The dependant variable of measured discharge (QMEAS) 

is also found in such variables as velocity and amount of backwater. Therefore, 

although the analyses involved a dozen or more variables there are in reality only 3 

variables, RIVH, ILAKH and QMEAS. The interdependence between the variables is 

shown through the zero determinant of the correlation matrices of Table l. 

The two significant areas in the three correlation matrices are l) the high 

interdependence of the variables associated with the river station with each other 

and 2) the correlation of lake stage with the river's variables. For example for 

1934 — 1956 the measured discharge correlates highly with velocity (R2=.98), 

river stage (R2=.86), and the base curve discharge (R2=.93) and also with lake 

stage (R2=.18) but to a much lesser extent. Also significant is that the correlation 

of the measures of backwater (BCKW and CORF: see Table 2 for definitions of 

these and other variable names) are poorly correlated with the other variables 

(typical R2=.12 or less). The highest correlations of the primary variables 

are of measured discharge with velocity for each of the three sub-files (R2=.99 

.98 and .97). However, these correlations could be considered spurious as 

velocity is computed from measured discharge and measured area and may be 

more an indication of the accuracy of the measurement of area. All these 

values of R2 should be compared to the coefficient of determination of 

a typical transformed stage discharge curve -‘R2=.999 - and of the value we 

Wish to improve on for this station - R2=.95.
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3.4 

The factor analysis grouped the variables into three factors. The- 

first- factor strongly involved the variables associated with the discharge 

measurement with a weak involvement of lake stage. The second factor had 

weak involvements of the variables associated with backwater and also included 

the lake stage. The third factor was quite weak and insignificant for these 

purposes. However, because of the near zero. determinate of the correlation 

matrix (1.0 x 10—20) the factor analysis may be unreliable and was not persuaded 

further. 

A number of multiple regressions on the primary variables were 

attempted and a few examples are included in Table The. best fit‘was 

with new normal fall (NFLL= 82-RIVH) and correction curves and additional 

variables to produce an R2 of only .97. This represents an increase in, 

accuracy but still leaves 3% of the variation in discharge unexplained. 

This does not imply that the regression equation produces discharges 

that are accurate to 3% but in fact, as shown in Section 3.5, the regression
‘ 

equation produces discharges that are within 20% of the measured value only 

half the time.- Therefore the use of equations obtained through regression 

analysis on the data presently collected will not give a sufficient improvement 

in accuracy . 

The Use of Upstream Stations 
When the regression analyses of the second stage of this study failed to 

produce an accurate method of computing the flows for the English River near 

Sioux Lookout a third stage was initiated. This third stage of the study looked 

at the two upstream stations, English River at Umfreville and Marchington‘IRiver 

at McDougall Mills, They are shown on the Location-Map and Figures 3A, 3b

10



and together they drain 4300 sq. mi. or 82% of the drainage area at the Sioux 

Lookout Station. The discharge data from both these stations is good. They' 

have stable stage-discharge relationships and are unaffected by backwater. 

A double mass plot of the annual discharges at Umfreville and Sioux
' 

Lookout identified a three segmented linear relationship. From 1921 to 1929 

the Sioux Lookout discharges were 2.38 of the Umfreville discharges. From 

1929 to 1956 the ratio was 2.23 and from 1956 to 1980 it was 1.98. These 

changes in the slope of the plot are distinct and can be related to the regulation 

of Lac ‘Seul beginning in 1929 and the move of the English River near Sioux 

Lookout station in 1956.2 The only change that has occured' at English River 

at Umfreville was the construction of a bridge on the control in 1949 and the 

subsequent decay of the bridge during the 1970's. Thus the Umfreville station 

was essentially unchanged during the entire period 1921 to 1980 and the slope 

changes in“ the double mass curve must be attributed to changes at the Sioux 

Lookout station . 

With thevrelationship between the .flows at Sioux Lookout and the flows 

at Umfreville changing in 1929 and 1956 there are two important consequences. 

The first is that the flows at Sioux Lookout are of three separate populations and, 

as was done using the subwfile structure in the previous statistical analyses, 

should be considered separately. The second consequence is'that these changes 

in the relationship reveal the magnitude of the relative errors in the discharge 

data. For instance, from 1929 to 1956 the computed annual yield at Sioux Lookout 

was 2.23 times the computed annual yield at Umfreville, but from 1956 to 1980 the 

yield. was only 1.98 times the yield at Umfreville. This is a changeof 11% and 

represents the magnitude of the error.

11
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For the period 1956 to 1980 SCATTERGRAM was used to produce a linear 

equation relating the measured discharge at English River near Sioux Lookout to 

the computed flow for the same day at Umfreville. A plot is shown in Figure 12 

and the equation produced from the 267 values is:

I 

QSLO = 1.666 x' QUMF +677 (R2 = ».91) 

where QSLO = discharge metered at English River near Sioux Lookout 

QUMF = daily discharge at English River at Umfreville 

when the plotted points of Figure 12 are considered the equation, 

QSLO = 2.0 x QUMF 
"6 

appears to include the most data points of any linear relationship. It is also closer to 

what would be expected with a drainage area ratio of 2.125 : 1. 

The-station on the Marchington River was established in 1961 and when 

its data for 1961 - 1979 is included in this analysis the resultant regression 

V 

equation from the 197 data points is: 

‘Q-SLO = QUMF x 1.42 + QMAR x .38 +' 717 (R2 = .93) 

where QMAR = daily discharge at Marchington River at McDougall Mills V 

-A flow model based solely on drainage area: 

QSLO = (QUMF + QMAR) x 1.2208 

resulted in a coefficient of determination (R2) of .915 

The only other possible upstream site to gauge the English River inflow 

into Lac Seul L‘would be to establish a new station at the outlet of Minnitaki Lake. 

However maps indicate that there are no' roads to this location and a station here 

would be above the confluence with the Marchington River and only 1000 square 

miles below Umfreville on the English River. 
6 

Therefore, a station at that location 

would gauge approximately 66% of the drainage area at Sioux Lookout. A downstream

12



3 .5 

site would be affected by Lac Seul. 
V 

The use of these simple equations and the computed daily discharges 

from English River at Umfreville and Marchington River at McDougall Mills 

produces computed discharges of less accuracy, in the terms of R2, than 

presently computed for the Sioux Lookout station using the normal fall curves. 

In Section 3.5 and 4.0 the accuracy of these equations is explored further, and 

a tentative conclusion reached that it may be possible to use the data from 

upstream stations to compute discharges for English River near Sioux Lookout. 

Accuracy of Computed Discharges 

So far in this report the results of the analyses'have been 

expressed in terms of the coefficient of determination, or R2. A value 1.0 

(or .9999) is understood to be an excellent fit of the data points to a straight 

line and an R2 of 0.0 indicates that there is no fit whatsoever. ‘However, an" 

understanding of the accuracy involvevd‘with an R2 of .97, for example, has not 

been clear. In Figure 9, 10 and 11 the accuracy of these computation techniques 

becomes clear, In each graph the vertical axis is, the metered discharge. and the 

horizontal axis is'the discharge that would have been computed using; in Figure 

9, the river stage applied to the base curve; in Figure 1.0,. thegpresent normal 

fall computational technique; and in Figure 11, one of the better multiple. regression 

_ 

equations. In Figure 12 only the measurements taken from, the highway bridge 

are considered. Figure 12 shows the discharges that would be computed if the 

"daily mean discharge at English River near Umfreville were multiplied by the 

ratio of the drainage areas for these two English River stations.
I 

These figures are summarized in Table'l3 which. shows that from 1921 — 

1980'when the discharge was metered at 5000 cfs the discharges that would

13
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have been computed by the Various methods fell in bands of 2600 cfs wide 

(52% of 5000) or wider. For the period from 1956 when the river was relatively 

free from major backwater (see Figure 7)', the’normal fall method offers no real 

improvement over, the use of a mean curve without any adjustments and. although 

the total range of computed discharges using ‘Umfreville discharges is much larger,‘ 

the range of centre half of the scatter is the same for all three methods - approx. 

13%. This means that’for half the measurements during the period 1956 - 1980 

the computed discharge, by any of the three methods, was within 795 of the true, 

i. e. metered , value .

l4
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SUMMARY AND ALTERNATIVES 

The Base Curve 

After allowing for slight shifting of the stage discharge curve when the 

station moved from the railway bridge to the highway bridge and small measure- 

ment errors it has been concluded that the base, or backwater free, curve 

has not shifted significally since 1921. This was also borne out in the first 

stage of the study in that in almost every year a discharge measurement was found 

that was quite close to the base curve, arbitrarily ‘chosen to be curve #12. . 

HoWever, many curves. have been drawn. Since 1956 there has been almost one a 

year. If these curves are considered as backwatercurves and have been shifted 

from during the backwater free period they have not been used incorrectly. There 

may be a problem with the upper end of the base curve. As Figures 5, 6- and 7 

show there is a wide scatter above 17000 cfs and if all these measurements are 

good the base curve should be then redrawn to the right of them. 

The Normal Fall Method's Curves 

The Normal Fall Curve of river stage vs. fall hasbeen demonstrated 

to not correctly represent the fall from the river site to the lake site when the 

river is free of backwater, but the more correct representation of normal 

fall derived in ‘Section 3.2 of this report does not result in a better Correction 

Factor curve or improved accuracy in the computed discharges. 

Least Squares Regression 

The use of linear regression on the primary or derived and transformed 

variables failed to obtain a significant improvement over the Normal Fall method

15
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of computation. It did, however, lead to some interesting analyses of the data. 

The regression and factor analyses demonstrated that lake stage in some 

form, has a significant effect upon discharge but there was also something else 

affecting discharge. It is suggested that this other variable(s) operates 

independently of river stage or lake stage. This independence is suspected 

because most SCATTERGRAM plots produced, be they; YEAR vs FALL, 

LAKH vs BCKW, CORF vs FAFN, etc. produced a uniform scattering of 

points within a reasonably well defined area. ‘Figures 8 and 113 are examples 

of this. If there is another independent variable‘it is then impossible to 

obtain accurate discharges without measuring it.~' This other variable may 

be the fall through the metering section. As 'the source of the scatter. is 

unknown its time base is also unknown. ' 

In other words it is not known if the 

error in the computational method as indicated by a measurement, persists for 

a month, a day, or an hour. 

As the plot of the measured stages vs areas for the highway bridge 

metering site is very tight and straight and correlation between velocity and 

metered discharge is also very good. If the velocity profiles in the measurement 

V 

section are stable, an accurate velocity meter with recorder could give accuracies 

more in line with those of typical WSC stations. Such an installation would require 

significant capital,' (at least $10K) plus set up and calibration time. 

The Use of Upstream Stations 

‘ 

The inaccuracy at the station is halved when a Normal Fall methOd 0r 

a multiple regression equation is used but is still high with computed discharges 
‘ being within : 10% of the true value only half the time. When the daily discharges

16



4.5 

at Umfreville are used to compute discharges at Sioux Lookout the computed 

discharges are within 1- 7% of the discharges metered half the time;
7 

Figure 12 is the plot of the 267 measurements taken at English River near 

Sioux Lookout vs the same day's discharge at English River at Umfreville 

multiplied by the ratio of the drainage areas. It shows a very wide scatter, ' 

up to i 35%, about the centre line but the data points have a normal distribution 

about the centre line such that half the points are within : 7% of the line. This 

normal distribution, as opposed to the more random distributions seen previously in 

this study, means that the mean line can be determined quite accurately. Also 

by examining the flow conditions for the time period surrounding the discharges 

that produce an outlier, the variables that creates these outliers can be identified. 

Figure 13 is a comparison hydrograph plot for 1976 for these and 

2 'Other stations in N.W. Ontario. It shows that during times of steady ‘flow 

the ratio of metered discharge at Soux Lookout to the computed daily discharge 

at Umfreville is very close to the drainage area-ratio.‘ This ratio falls (and 

produces the outliers on Figure 12) when the'hydrographs rise', and rises when 

the hydrographs fall. This effect is likely due to the large lake, Lake Minnitaki, 

between the two river stations, moderating the flow at Sioux Lookout. It is also 

likely that the effect of this lake can be modelled as a linear reservoir. It then 

appears, that, unlike the scatter involved with the Normal Fall or regression 

equation computations, the scatter in the Umfreville computational method can be 

modelled, or at least explained. 

Alternative Courses of Action 

There are then three clear alternatives: 

1) Carry on as before and accept large errors which may, or
17



2) 

3) 

may not, canCel out in the long or short term. 

Install and maintain a velocity meter at the English River 

near Sioux Lookout metering site to obtain accuracies more 

typical of WSC. 

Discontinue the English River near Sioux Lookout station because 

upstream station(s) can provide a reasonable indication. of the‘ 

English River inflow to Lac Seul.

18



5.0 RECOMMENDATIONS

. 

.In view of the present poor accuracy, high worklaod, and the existance of 

alternatives, this station should not continue to operate in its present state. 

The installation of a velocity meter, e.g. an electromagnetic point velocity 

meter, or an acoustic flow meter; is prefered if the equipment installation and 

maintenance costs can be justified. The remaining alternative of dis- 

continuing the station can not be ruled out. The'station is a long term 

station and is a major inflow into the Lac Seul reservoir, BUT the English 

River at Umfreville station was also started in l'921'and the inclusion of the 

Sioux Lookout station raises the proportion of‘Lac Seul inflow that is gauged 

from 46% to only 57%. The two stations upstream of English River near Sioux 

Lookout, Marchington River at McDougall Mills and English River at lfreville 

both have good quality record with stable stage discharge curves and no ice' 

effect. These 2 stations gauge 82% of Sioux Lookout's drainage area and the. 

analysis of the data has indicated the addition and routing of their flows can 

be used by those‘interested in the flows at Sioux Lookout to produce discharges 

that may be morelaccurate than WSC can produce by continuing to operate 

the station in the present manner. It is therefore recommended that the station 

be discontinued with the concurence of the Canadian Lake of the Woods Control 

Board.
‘ 

During the course of this study two items that could require further study 

were noted. They were beyond the scope or capabilities of this study ‘but it 

is recommended that they be pursued further. 

The first item was not mentioned in this report but it can be seen on' 

_ 

Figures 5, 6 and 7 that there are 5 discharge measurements greater than

19



17500 cfs. Three of these five fall well to the right of the existing 'base curve. 
It is recommended that-the higher measurements and the upper end of the stage 
discharge curves used be investigated to confirm that the published discharges 

above 17500 cfs do not require revision. 

The second item was brought up in the discussion of the double mass curve 
of the Umfreville and Sioux Lookout data. When the station, i.e. the metering 

site, was moved in 1956 the computed discharge changed by l195 when compared 
to the Umfreville discharges. It may be that the metered discharge at one or

I 

both of the two metering sites (the railway bridge and the highway. bridge) is 

not the true discharge. This could be due to irregular river channels producing 
non-typical velocity profiles. In a non-typical velocity profile the average of 

the velocities measured at 0.2 and 0.8 of the depth is not the true mean velocity 
for the vertical. It is recommended that the velocity profiles be m'easur-edlat" 

the old railway bridge metering site and fligpresent highway bridge metering 

sit: 'Initially this would involve velocity measurements in 5 representative 

verticals with velocity measurements at’the surface and 0.1,I0.2, 0.3, 0.4, 0.5, 

0.6, 0.7, 0.8, 0.9 of the total depth and just off the bottom. _This could lead 
to a series of such measurements to develop,revisions to the published record.
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FIGURE 

SEJDLSJETEAUDMILHL’LN 
(smw smut TOWNS, mumps. memvs 
maumuns ETC. meume 111mm 111%)

1 

$1101 52m umnm OF 119m MARfiJACifi 
511111r N) 0953mm ESIQM

~

~

~ ~~~ 

[€m OF THE E‘NlRONVENT ELEVATlON 0F CAUSE umM AND 0135011m OF 3301 MARKS 
INLAND NATERS'DXRECTORATE, HATER SLRVEY OF CANADA Elevation of Gauge Dam: 

IISCRiPTlOi 0F STATiGi 

mi .\ DB’JR .10?! \‘D ELEVA 
Station No. “OWL. Drainage Area ‘3'500 5° b“ B m 1P” A' “ON 

. . ENGLISH RIVER (5-250 5‘1 n”) 
Station bane: I 

BH l — HRB brass cap on rock ledge approximately Si 111 

NEAR Sioux LOCKOUT Prov: Ontario (200 ft) west of narth end of bridge. on point 
' 

I L abuer l2 II (40 ft) southeast of two hydro poles. 
bane of Observer: ‘ TCICPhOHE Elevation - 359.954 111 (“80.95 ft) 
mil' Address "‘3 SH 3 - Chipoed ring 3 111 (la ft) northeast of Si c111 

_ (20-1nch) pine tree. and IS in (50 ft) northeast 
_ “on: L“: 50. 0‘. 15.. Long: 910 55- 40- of 8: 41 Also 6 m (20 ft) north of cement pier 

or. oc . 

in . sec. '. tp- rec. . Men. Elevation - 358.484 :1 (ll76.l3 7:) 
Established July ll. 1956. a" 4 "RB b i "d k . 3 (‘0 f ) . I 

- rass cap 11 so me _ in t 
Traffic br1dqe on Hwy 72 about 3.2 km (2 miles) south of southwest of ea“ "39 of “Ed "Hwy. 
Sioux Lookout. Ontario ElevatiOH - 358.865 111 (“77.38 ft) 

Description of gauging eQuipncnt, location and Initial: DDEWSIONED SiCFTOi OF ORIFICE 0R INTAXES 

point of Sanding: 76 cm (30-inch) steel well a shelter with “who, 
conical roof. Housing Type A-JS electric drive float rec. '°""’°Y ‘ 

in bay at Frog Rapids tourist camp. 76-foot staff gauge r' 
attached to side of stilling well. At high stages use crane - 

5 reel with 50 lb. at; at extreme high stages use 100 ibmt. JMG 
At low stages use 30 lb. u_t_:_and bridge frame. "" 
LP. is concrete abutment S/side of bridge on d/s side of an 
channel. (Short channel betseen Abram and Pelican tales.) 

mscrmt}_grl_9_i’_ _»roi n93;n.-3511r1n&5cct1ons: L— n" a“. 
Streamed: r cky. clean. Strong winds e1ther u/s or d/s "—-—-—~—~_—_ 
as well as boat traffic Milli“; measuren‘ent. etc. Papa,” m. Raised hy' u.S.F. a...“ l5 August 78
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FIGURE 2 

.5???[01.ELWACJJAUQTLJEADQE 
(3m mmm MKS, RuusS, mmws 
TRlB'Jr/UUES ETC. INCUJ‘JE HIGHWAY MILEAGE) 

EPAQTYB‘JT OF THE ENVIRON-NT 
INLA‘ID WATERS DIRECTORATE, HATER SURVEY OF CANADA 

055021a 0F 57mm 
Drainage Area 

LAC SEUL AT HUDSON 
Station 
Station Name: 

prov. Ontario~ N11: of Observer:__R___‘ Fair—burn Telephone 

Mailing mums; Box 88. Hudson. Ontario . 

Location: Lat: 50” 05' 30" Long: 92° ‘0‘ 00. 

in , sec. , tp. rge. , .\ier., 

Established February l92l. 
At Hudson. Ontario. on High-nay HS about l6 km (10 miles) 

west of junction with Sioux Looicut Highway 72. 

éq-im$.15mr1wutmuazk:4915 
EQHL‘CLNT AND Camus RISIDE‘CE 

5n!“~ “I“ 

ELEVATION 0F CAUSE D1111“. AND DESCRIPTION OF em MARKS 
Elevation of Gauge Datum 

BE‘U‘. ."ARX DESCRIPTION AM) ELB'ATICN 

8H 1 - HRB brass cap 91 m (300 ft) 2 l5 n (50 ft) (run 
CNR crossing marked with I.Pin along botto: of 
bank.

‘ 

Elevation - 359.859 m (ll80.64 ft) 

8H 2 - Head‘of blue bolt at southeast corner of dock 
below crane track. , 

Elevation - 357.759 H ("73.75 H) 

Description of gmging equip—cm, location and Initial 

Point of Sounding: 
S_tevens A-JS automatic _r_e_€order and telcmdrk installation 

_._‘L‘_‘"__73_'.'3?_‘ ._‘"‘Jfljil'fi31555151.".293319.‘.Ee".~_ “£2143. __ 
mom-1 and operative in new installatiOn .‘iav. 28. I968. 

{donut—H5: Hl . “NE: 
j”- 

.J.. 
«— 

Duxcription of Control umi.‘1:.15urin; Sections: __ 

' 'LLWLiJfiZaLI. 

DUST-SIGNED SH-TlUi OF ORIFICE ORV INT-UJ‘S 

~~
~~ 

i‘

i 
LYLL..; .3 film-

~
~ '___a._~ 

H.S.F. dale Auqust 15/78~ Preparol or Revised by
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FIGURE 3 

":1"\'_U'T—’.\Zi_‘_"_-V 

_ “CS, P.-‘-.I'..l~‘.1'd'$, HRH—{30's 

INIUEE HM? MAY N! LFAGF.) 
i1? 

(rodef'l 
Ghoul 

UMFREVILLE 

: 
slofion ~ ~ ~ 

~~~~ 
bm YOSI

. 

4J1) ‘ \V/u | ( omb 
" n ma . 

Km“? </ a ~"VD “mum on “not. -» 

JARVIS 

LU‘VBIL 51-95: _! ' !§.'3__'_l."_1‘;'*.‘-_ .‘J‘EEZ’SJJIDQN. 9f 1"} 1295-5

~ 

mama‘s-2am OF THE BJVHO‘:-'.';NT 
- 

___ 

INLHD HMEQS DRECY'L‘EATE. “ME”. SURVEY OF C’x‘JFOA ' EN?” ion of (huge pun“: ___v _w‘ __u I" -_~_____ ‘nfl—“MUM _ — 

P3593 1.57.1.9" {915.15.11.93 __—__-,- .34...- .. _-. _-... --;...~.-.;-.»-.-.-.-.- g.. -_ ._ . 

Stu! ion No. 3.10am? _ .._ Drainage Area _.5;°.99-§CL‘L"L__. 

Smfion same. ‘ ‘ _ _ _ _‘__-____ __'__ __ _V_____L2_4_7_o_5_q_n11_),_. BM 108a - Chipped ring on top of south end of west side of 

prov. Ontario C'CD. cuncmte cuhert 0.40 km (1/4m11e) south- 
"" m" "m"— wnmfl ' '""""""""' " east of 'Jm'reviHe station. 

Nm‘v of C“.;svr\'vr:.____.____-. _.~._-. -___.___ Tau-phone. {fey-anion = 397.435 m (1303.92 ft) 

u ‘ 
‘ .AL'\! I 

. . ._...- .. _..._. .4 ... “"1"” ‘ 1c“ B“ 108d - Brass cap on top of southwest corner of CHR 

=_.._-;,;.-;_.... - _»s._--;==. _.. -.-._ -..=.—.--... -..—.—_- :4: - cor-Crete cu‘. vert. 

Location. La“ :9° 52' 30- Long: 91° 27- 30- EYevation = 397.239 m (1303.28 ft) 

in __.__._.. soc._-.___.. 'P-_,-___rse- _.-.__. -"-‘L'|’-. ______ __ BM !OSe - Brass cap on rock outcrop 120 m (400 ft) west of 
cu1ver! at north side of CKR track. ~~ N _..E:Z-¢.°.}.fl_s‘::d_§9.:_; _ .___ ., _ _ 

3 J, 5193"”)? )._s<:~.tf1 9;" 
[Yevat‘on = 398.723 m “333.15 ft) " 

:3_1:e_-:t_>-;:_wa ~~ e7 fh'T.i6"'('a'ée—E
) 

.. _. --.-5_‘-_at_-.°'!_:GrsEs¢..l?y_r939. 

or from the SHver DoHar on Pickle~ 
m-scriplion of gauging equip-um“ locaticn and Ynit’m‘l Point 
of Rm'nEEng: 

3"- staff gauge on r0:k—f1'\‘.ed crib 15 m (50 ft) south of 
CK“. concrete Cu‘verl. ?’:-.n0'.-'.er meter stage presswe 
regorc'cr inside 51 5 ft I'VT‘LO sheizer. GOES 02° with 50hr 
“Jenny charging. Tram boat 30m (100 ft) ebcve o1d1og- 
ging bridge site with 33-15 usiglt at high and rhedium stage; 
and from. boat :22 m (400 f1) d/s a! low stages. 

LP. is 31 cm (12-inch) spruce tree b‘azL-d on right bank 
30 m (‘00 ft) above Iogvging triage site. 

."-.-.~cri;-'.ion of Cuurol and .\ 

Strk'i‘"‘3‘3d2 rock homo-n and c‘rean. 
H‘g‘h' stage I':y (arse Jec-mattr from1oggzng bridge. date nr-‘fifz-‘yi. 

__n _ _ _, MM _ __ ___... _ ___” M, _____ __,_ “h __ Fri-pared ur Revised by_ —_“__I_-_5,-_M_-_____,__
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FIGURE 319 

$1101 mm sunniumrmw 
(SIDN NEARBY TONS, RAILROADS, HIGMAYS 
WIBUTNUES ETC. "(LUBE HIGHWAY MI LEASE) 

5m EMS U‘CATlnN OF 27-31}! MARYS. CHRIS 
EQJIFHDH' M'D 08513l RLSIDE‘CE 

tabla-ray 

[£PARTPEP‘T OF THE BNIR'N’ENT 
IMHD HATERS DIRECTCRATE, HATER SU‘NEY U: CANADA 

[ESOHPTIO‘J OF S'TATHN ~ Station No. 059Ac°° Drainage Area “740 5° k? 
Station Name, macnmmon RIVER “330 50 '7") 

AT McDOUGALL MlLLS Prov. Ontario 

Kane of Observer: 
‘ 

Telephone 
Mailing Address 

Location: '14:: 50' Io' 20' long: 91'? 32' 30' 

in , sec. , rge. 
I 

, Men, 
Established Auuust l96l. Relocated in October 1961 above 
Falls. by Forbes., 
457 m (500 yards) northeast of C.N.R. 

BEVATION OF GALG‘E DAM AND DESGUPHON OF EE‘XJ‘I MNRXS 

Elevation of Gauge Datum: 

5904. max nesazxmon mp ELEVATION 

8H 1 - A chipped ring on concrete base of old foundation 
' approximately 9 ll (30 ft) SE of old boiler house. 

Elevation Assumed - 30.480 :1 (100.00 ft) 

3! 2 - H.R_.B. brass cap in solid rock outcrop with orange- 
painted iron marker bar NW of staff gauge. 
Elevation - 30.450 II (99.90 ft) 

Description of gauging equimcnt, location and Initial 

point Of Somdmg: 6-!oot staff iauoe above upper falls on 
L/bank 6‘. m (200 ft) 55 of old boiler house (est. Oct. '61).1 

Boat msmts. 
l.P. from 

'Hog-type‘pressure recorder Operating Dec.68. 
in sun-er; cableuay in winter and at law stages. 
corner of__old shed on point on L/bank across to blazed 
p031.” oniu‘ann

' M ..._<.. 

Description of Control on! Measuring Sections: 
R/bank: high mud bank, unlikely to overflow. wot-Jed. 

L/bank: 
Streak-ed: rocky at cable—u. rock and mud at boat section. 

lcuer than R'bank. sane flooding to a minor degree. 

_. .._...... . .. ..._..—.._~—_._—-—_... -._.-_. -. . 

DDE‘SIONED Ski-mi OF C-RXFICE 0R ISTAKFS 

1: 

Prepared or Revised by "-5-'- d“. Aug. )5. 1978
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FIGURE 1 3 
HYDROGRAPH COMPARISON - SIOUX LOOKOUT AND UHF RE VI LLE 

NUMBER SHOWN _ CFS METERED AT ENGLISH RIVER NEAR 
SIOUX LOOKOUT 

‘ _ MEAN DAILY EOR ENGLISH RIVER AT UMFREVILLE 

I. 0 

DISCHARGE I 5240 
‘1 

W" ENGLISH R. NR SIOUX] LOOEOUT 
DRAINAGE AREA RATIO =m 

=2.12 
CPS/MIZ . 

I" ENGLISH R. @ UMFREVILLE 

FLOW RATIO? 
//.'(NAMAKAN R. @ OUTLET OF 

I 

LAC LA CROIX) 

///( TURTLE R. NR MINE CENTRE)
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TAB LE 2 

RESULTS OF MULTIPLE REGRESSION 

Dependent Variable— LQMEAS - Log 10 of metered discharge Increase in R2 
lndependant Variables- LGHT - Log 10 of river stage above zero flow point .925 

AFLL - Actual fall to Lac Seui . .028 
LAKH — Lac Seul stage 

I 

.010 

Equation- Total R2 
LQMEAS = .975 LGHT + .086 AFLL + .073 LAKH — 2.18 . 95 

Dependant Variable - QMEAS - metered discharge Increase in R2 
lndependant Varibles — RIVH — river stage .886 

FAFN - ratio of actual fall to normal fall .029 
AFLL - actual fall to Lac Seul .001 

Equation - Total R2 
QMEAS = 2410 RIVH + 257 FAFN? 47.7 AFLL - 167970 . 92 

Dependant Variable - BCKW — amount of backwater Increase in R2 
lndependant Variables - LAKH — Lac Seul stage .284 

BCQ - base curve discharge for RIVH (river stage) .010 
AFLL - actual fall to Lac Seul :, 

.052 
LGHT — Log 10 of river stage agave zero flow point .012 

Equation - Total R2 
BCKW = 1.74 LAKH — .00053 BCQ +1.68 AFLL - 3.48 LGHT - 118.7 . 36 

Dependant Variable - CORF - discharge correction factor Increase in R2 
lndependant Variables- LAKH - Lac Seul stage .348 

BCQ - base curve discharge for RIVH .074 
AFLL - actual fall to Lac Seul .050 
LGHT- Log 10 of river stage above zero flow point .002 

Equation - Total R2 
CORF = -.364 LAKH + .00013 BCQ -.338 AFLL + .500 LGHT + 25.8 . 47 

Dependant Variable - QMEAS — metered discharge Increase in R2 
lndependant Variables - QCOM - normal fall computed discharge using 

normal fall = 78 -RlVH + 4 and the new .968 
correction curve that it derives. 

BCQ - base curve discharge .002 
RIVH - river stage .002 
LAKH - stage of Lac Seul .0002 
AFLL - actual fall to Lac Seul .0000 

Equation Total R2 
QMEAS = .656 QCOM + .624 BCQ — 684 RIVH — 19.8 LAKH + 48521 . 97
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