i

- .

Environment Environnement
Canada Canada
Environmenta! du Service
Conservation de la Conservation
Setvices - d 'environnement

Inland Waters Directorate

Western and Northern Region

S e g R

|

N
"
1
|
i
1
1
1
|
]

ENGLISH RIVER NEAR SIOUX LOOKOUT
BACKWATER STUDY

Ian McLaurin

August 1981

D. R. Kimmett, P. Eng.
Regional Chief

Manitoba and Northwestern
Ontario District

Water Resources Branch
Winnipeg, Manitoba



ENGLISH RIVER NEAR SIOUX LOOKOUT

BACKWATER STUDY

lan McLaurin

August 1981



Purpose:

Proposal for Study Project

To producc and test an improved computational technique for English
River near Sioux Lookout 05QA001. '

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
not 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 correction factors ranged from 1.0 (no correction
necessary) to 0.65.

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) VUse 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
11) 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.

i1i) periods with significant (> 5%) difference.

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

/

<~ 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 thé 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

Control Board, the station English River near Sioux Lookc’»’ﬁt, 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 O5QA001 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 pfesent 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 -
O5QA001" of 1973 (revised 1976). In 1977 Mr. I. McLaurin discussed the normal ,
fall rrnethod 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 not 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 m'ea\surement 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 approaéhed 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 c‘omputa.tion 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 measuréments 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 obtéined 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 programé 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. ‘CONDESCRIPTIVE 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 uéed 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 Siou};: 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 RiQer station was established in 1961
there were only 197 data points available for the analyses that included that

station.
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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 narfow 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 thé casés 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 meaéurements 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 + 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.
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The Normal Fall Method's Curves

~

The curves used in the normal fall compu.tational method - The Normal
Fall Curve and fhe 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
(+ 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. |

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 dropé. 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 thetwo 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 analyse-s including base curve
discharge and actual fall. The dependant variable of measured discharge (QMEAS)
is also found in éuch 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, LAKH and QMEAS. The interdependence between the variables is
shown through the zero determinant of the correlation matrices of Table 1.

The two sigrﬁficant areas in the three cox.'relation matrices are 1) the high
interdependence of the variables associated with the river sté.tion 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 (R%=.98),
river stage (R%=.86), and the base curve discharge (R%z.93) and also with lake
stage (R%=.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 (R%=.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 R% 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 'faqtor .analys.;is 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 10720) the factor analysis may be unreliable and was not persuaded
further.

A numBér of multiple regressions on the primary variables were
attempted and a few examples are ir;lcluded in ’I“able 2 Thei best f‘it‘v.vas

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 régressioﬁ |
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.

T.l'.le‘ Use of Upstream Stations

When the regression analyses of the second stage of this study faiied to
produce an accurate method of computing the flows for the English River near
Sioux Lookout a third stage was initiated. This thiz;d stage of the study looked
at the two upstream stations, English River at UmfreQille and Marchington‘.Riv‘er
at McDougall Mills. They are shown on the Location'Ma[’) and Figures 3A, 313

10



and together they d‘raiﬂn 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 Vto 1980 it was 1.98. These
changes in the slope of the plot are distinct and can be related to the regulation
éf La; ‘Seul“ begifming in 1929 and the mc;ve of the English River near Sioﬁk
Lookﬁut station in 1‘956.» The only chénge that has occur__ecl  at English River
at Ur'n.freville was the construction of a bridge on the c.ontrol' in 1949 ar;d 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 sldpe
changes in the double mass curve must be attributed to changes at the Sioux
Lookout station.

With the relationship between the flows at Sioux Lookout and the flows
at Umfreville changing in 1929 and 1956 there are two important consequences.
The first is ._th‘at thé flows at Sioux Lookout ére of three separate populations and,
as was done using the sub-file structure in the previous ‘stabtvistical -analyses,
should be considered separately. The second consequenée 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
yi‘eld‘ was only 1.98 times the yield at Umfre;ville. This is a change of 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 ir; Figure 12
and the equation produced from the 267 values is: |

QSLO = 1.666 x QUMF + 677 (RZ = .91)

where QSLO = discharge metered at English Rfver 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 |
appeé.rs to include the most data points of any linvear relationship. It is also closer to
what would be expected with a drainage area ratio of 2.125 : 1.

The.st'a‘tion on the Marchington River was estabiished in 1961 and when

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

equation from the 197 data points is:

‘Q.SLO = QUMF x 1.42 + QMAR x .38 + 717 (R = .93)

where QMAR = daily discharge at Marchington River at McDougall Mills '
A flow model based solely on drainage area:

QSLO = (QUMF + QMAR) x 1.2208
resulted in a coefficient of determination (R%) 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 Umf;'evilie on the English River. | Therefore, a stafion at that location

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

12
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site would be affected by Lac Seul.

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 R%, 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,

Acvcuracy of Computed Discharges

So far in this report the results of the analyses have been
expressed in terms of the coefficient of determination, or R%. A value of 1.0
(or .9999) is uﬁderstood to be an excellent fit of the data points to a straight
line and an R% of 0.0 indicates that there is no fit whatsoever. ‘However, an
understandiﬁg of the accuracy involvevd‘with an RZ of .97, for exart;aple,' has not
been clear. In Figure 9, 10 and 11 the accuracy of fhese computation techniques
becomes clear. Iﬁ each gfaph 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,' the present 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 discha?ge at English River near Umfreville were multiplied by the

ratio of the drainage areas for these two Engiish River stations. |
These figures are summarized in Table 3 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
fre.e f‘r.o_m major backwater (see Figure D, the’norrr;al fall fnethod offers no real
imprqvement over. the use of a mean curve without any adjustments and although
the total range of computed dischar'ges using Umfreville diéch'ar‘ges is rﬁuch larger,
the range of centre half of the scatter is the same foi' ail threé methods - approx.

13%. This means that for half the measurements d\iring the period 1956 - 1980

the computed discharge, by any of the three methods, was within 7% of the true,

i.e. metered, value.

14
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SUMMARY AND ALTERNATIVES

Thé 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
stégé bf the study in that in almost every year a discharge measurement was found
that was quite clos¢ to the base curve, a;bitrarily 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 backwater.curyes and have been shifted
from during the backwater free period they have not .Been used incorvrectly. 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 has been demonstrated
to nét corl;ectly repfesent the fall from the river si.te to tﬁe iake site when the
river is free of backwater, but the more correct representét_‘ion of normal
fall derived in ‘lSectl'on 3.2 of fhis report does not result in a better Corréction

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 tlhe data.
The regression and factor analyses dembnstratéd that lake stage in some
form, has a significant 'e.ffect upon dis»chbarge 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 1l are examples
of this. If there is another inaependent variable‘it is then impossible to
obtain accurate discharges without measuring it This othef variable may
be the fall through the métering section. As ‘the éource of the scatter‘ is
unknown its time base is also ‘unknowﬁ. " In othér_ words it is not known if the
error in the computational method as indicated by a measurement, .pe‘x"si'st.s 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

~ 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 recjuire

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

The Use of Upstream Stations
- The inaccuracdy at the station is halved when a Normal Fall method or

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 discharggs at‘ Sic;ux Lookout‘ thé compﬁtedA
discharges are within + 7% of the discharges metéred half the time.. |
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 + 35%; about the centre line but the data points have a normal distribution
ébout the centré line such that half the points are within + 7% of the line. This
normal distribution, as opposed to the more random distributions seen previous‘ly in
fhis 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 comparisdn hydrograph plot for 1976 for ‘these and
2 other stations in N.W. Ontario. It shows that during times of steady flow
the ratio bf 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'i'lydrographs rise, and rises wheén
the hydrographs fall. This effect is likely due to the large laké, 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.

Instail and maintain a velocity meter at the English River

near Sioux Lookout metering sité 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
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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-
éontinuing the station can not be ruled out. The station is a long term
station and is a major inflow into the Lac Seul x;eservoir, BUT the English
ijer at Umfreville station was also started in 1921 and the inclusion of the
Sioux Lo_okout station raises the proportion of Lac Seﬁl inflow that is géuged
frém 46% to only 57%. The two stations upstream of English River near; Sioux
Lookou.f, Marchington River at McDougall Mills and English River at ﬂmfreville
both have good quality record with stable stage discharge éurves and no ice
effect. These 2 stations gauge 82% of Sioux Lookout's 'draina‘g‘e. aré’a 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 more accurate 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
Boarid. _

During the course of this study two ife.ms that could require further vstudy
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 ca;n 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 qf the double mass curve
of the Umfl_‘evilie and Sioux Lookout data. When the station, i.e. the metering
site, was moved in 1956 the computed discharge changed by 11% when compared
to the Umfrevillé discharges. It may be that the lmetered discharge at one or _
both of thé two m‘ei.te;ring sites (the railway bridgé and the highwa};. bridge) is
not the true discharge. This could be due to irregular river channels pro_duci;'xg
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 veloéity

for the vertical. It is recommended that the velocity profiles be measured at

the old railway bridge metering site and the present highway bridge metering

site. ‘Initially this would involve velocity measurements in 5 representative
verticals with velocity measurements at the surface and 0.1, 0.2, 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

SKETQ! SYW: 0 STATION LACATION
(SI0W NEARBY TOWNS, RATLRQADS, HIGHWAYS
TRIBUTARIES ETC, INCLUDE HIGMAY MILEAGE)

1

SKETOH_SPWING LOCATION OF RIMH VARKS, GAGING
EQULIMENT AND O2SERVERS RESIDFNCE

DEPARTMENT OF THE ENVIPONVENT ELEVATION OF GAUGE DATIM AND DESCRIPTION OF BENCH MARKS
INLAND WATERS ‘DIRECTORATE, WATER SURVEY OF CANADA Elevation of Gauge Datum:
DESCRIPTION OF STATION
ENCH M DESCRIPTION AND ELEVA
Station No. _950R001 prainage Area 3800 sQ km B UARK IFTION A TION
. . ENGLISH RIVER (5,260 sq mi)
Station Name: ' - BM 1 - WRB brass cap on rock ledge approximately 61 m
NEAR SIOUX LOOKOUT Prov: Ontario (200 ft) west of north end of bridge, on point
— Bower 12 m (40 ft) southeast of two hydro poles.
Name of Cbserver: - Telephone Elevation -~ 359.954 m (1180.95 ft)
Mailing Address
ng BM 3 - Chipped ring 3 o (10 ft) northeast of 51 cm
. {20-inch) pine tree, and 15 m (50 ft) northeast
cation: Lat: 50° 04' 15 Long: _91° 56° 40" :f B: 4.k Also 6 m (20 ft) north of cement pier
or. dock.
in , sec. ., tp. rge. ) Mer., Elevation - 358,484 m (1176.13 ft)
Established July 11, 1656. BM 4 - WRB b ; 1 Kkt 3m (10 1)
- = - rass cap in so rock ¥ 3 m t
Traffic bridge on Hwy 72 about 3.2 km (2 miles) south of southwest of east leg of steel walkway.
Sioux Lookout, Ontario Elevation - 358.865 m (1177.38 ft)
Description of gauging equipment, location and Initial. DRENSIONED SKETCH OF ORIFICE OR INTAXES
Point of Sounding: 16 CM (30-1rch) steel well & shelter with shelter
conical roof. Housing Type A-35 electric drive float rec. wolt woy ;
in bay at frog Raplds tourist camp. 76-foot staff cauge F '
attached to side of stilling well, At high stages use crane =
§ reel with SO 1b. wt; at exireme high stajes use 100 1b.wt. RAY']
AT Yow staqes use 30 1b. wt. end bridge frere. well
{.P. is concrete abutment S/sice of bridge on d/s side of am
charnel. (Short channel between Atram and Pelican Lates,)
Description of Centrol and Measuring Sccnons.: L_ Elav 354 m I
Streamhed: rocky, clesn. Strong wimds either u/s or d/s ——
as well as boat traffic ray affacs Teasuresent, etc. Prepared or Revised by ¥.S.F, date 15 August 78
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G EE R EE =S

SKETCH_SIYWING STATION 1OCATICN
(SWW NEAPBY TUWNS, RAILROADS, HIGMAYS
TRIBUTARIES ETC.

INCLULE HIGMAY MILEAGE)

FIGURE 2

SKETQH_SYWING LICATION OF PN MASKS, GKING
EQUIIMENT AND OHLERVERS RESTIENCE

e

gt

DEPARTVENT OF THE ENVIROWMENT
INLAMID ‘WATERS DIRECTORATE, WATER SLRVEY OF CANADA

DESCRIPTION OF STATION

_EQB_OOE_____ Drainage Area

LAC SEUL AT HUDSON

Station Mo.

Station Nape:
Prov: Ontario

Name of Obscrver: R. Fafrbatrn Telephbne
Mailing Adlress Box 88, Hudson, Ontario .
Location: Lat: 50° 05° 30° Long: §92° 10° 00°
in , seC. , tp-. rge. , Mer.,

Established February 1921,

AT Hudson, Ontario, of Hijhady 116 about 16 km (10 miles)

west of junction with Sicux Lookout Highway 72.

FLEVATION OF GAUGE DATUM AND DESCRIPTION OF BFNCH MARKS

Elevation of Cauge Datum:

BENCH MARK DESCRIPTION AND ELEVATION

BM 1 - WRB brass cap 91 m (300 ft) ¢t 15 = (50 ft) from
CNR crossing marked with 1.P{n along bottom of
bank. '

Elevation - 359.859 m {1180.64 ft)

BM 2 - Head‘of blue bolt at southeast corner of dock
below crane track. )
Elevation - 357.759 m (1173.75 fr)

Description of gauging equiprent, location and Initial

Peint of Sownding:
S_tevens A-35 auteratic recerder and telemark installation

with 73_-_fgq_l 1nsid'e_tigy.‘:g_fr:_d~5_r.nco shelter, Recorder

new installation Nov. 28, 19€8.

moved and cperatli
Telerark May 1, 15€9.

iy

Description of Control and Measuring Sections: ___

DRENSIONED SYETO! OF ORIFICE ORINTANES

date Aunust 15/78
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FIGURE 3

CrLtT e s A

TAON AT

g TANS, PAILIVDS, HIGHNAYS
TIIMNARILS ETC,  INGLUDE HIGIRAY MILYAGE)

oA
reoder's ' ’
Q‘m.u
- UMFREVILLE

: station

bm 108¢
[

S . T~\utcomb

?f-\,\ Ao

DECARIMENT OF THE BNV RONWINT
IN_AHD WATESS DIRTCTCSATE, WATER GUAVEY OF CANADA : Flevation of Cauge Datimi o e oo e
PISCRIFTION OF STATION AR A £ T e B T A i AT Tem A R
Station No. 0504002 _. .. Drainage Area _ 6390 _sq km ?:‘_.\3‘_[\'9__!"\_ﬂxl{_}‘:\'_:\_"\_
Seation Nare: . £ RIVER (2470 sq mi) 8% 108a - Chipced ring on top of south end of west sice of
; Prov: Orterio €48 concrete culvert 0.40 km (1/4 wile) scuth-
T o T ot T T east of Unfreville station.

Elevation = 397,435 m (1323.92 ft)

Norve Of DhBSeIVer T i e — e Telephone .

\APR] i o A'_'\! CES e o e s
Wiling Auoress Bv 108d - Srass cep on top of southwest corner of ChR
o e m bt AR me S DRI WMt A ATLSSSS concrete culvert,

Elevation = 397.239 m (1303.28 ft)

tocation: Lat: £9°.52° 30"  Long: _91° 27 30

g4 103e - Brass cap on rock outcrop 120 m (200 ft) west of
culvert at north sice of ChR track,
Elevation = 308,723 m (1328.15 ft)

N e SCC._ . YPe . TEE. Mer.,
Esiablished Seotenver 102l
3.2 m (2:-:i_1es)_ seath of U

" :_-1'_1je_-:t_>-;j_wa

irg bricge. Station reeched by road
or from the Silver Dollar on Pickle

nescription of gruging caniprent, locaticn and Tnitial Point

of Souwaling:
I gtaff geuce on rock-filled cridb 15 m (50 ft) scuth of
€0 cencrete cu'vert, Manocter water stice pressure
recorcer inside 535 ft Awmco shelter, GOIS DZP with solar
hattery cherging, From boet 30 m (100 ft) ebove old loz-
ging bricge site with 22-3> weigtt at high anc rediun <leges
in¢ from boat Y22 m {400 f2) ¢/s et Yow stages.

1.P. {s 31 cm (12-inch) spruce tree bYeczed on right Yenk
0 m (100 ft) &vove Yopging bridze site.

roseription of Coatrel anc M

Strea-ved:  rock bottom and cleen,

H‘gh. stece riy cevse brchnater from Yezging bridge. dure  Seruary 1979

Frepared or Revised by | L LsM



FIGURE 3b

SKETO! SYWING STATION LGATION

(SIOW NTARBY TOWNS, RAILRNADS, HIGWAYS
INCLUDE HIGHWAY MILEAGE)

TRIBUTARIES ETC.

SYETTH SHWING LNCATION GF BINCH MARKS, CAIGTNG
EQUIPMENT AND CBSERVIRS RESIDENCE

cablewoy

DEPARTMENT OF THE ENVIRONMENT
INLAMD WATERS DIRECTCRATE, WATER SURVEY OF CANADA

DESCRIPTION OF STATION

Station No, 050ACO4 Drainage Area 4740 sa "”‘

Station Name:  MARCHINGTON RIVER (1830 sq mi)
AT McDOUGALL MILLS prov: _Ontario

Name of Obscrver: ' Telephone

Mailing Address

Location: Lat:_ 50° 10° 20" Long: _91° 32" 307

in , sec. , tp. rge. _ , Mer.,

Established Auqust 1961. Relocated in October 1961 above

Falls, by forbes..

457 m (500 yards) ncrtheast of C.N.R.

FLEVATION OF GAUGE DATUM AND DESCRIPTION OF BENCH MARKS

Elevation of Gauge Datum:

BENCH MARK nascmmon AND ELEVATION

BH 1 - A chipped ring on concrete base of old foundation
approximately 9 m (30 ft) SE of old boiler house.
Elevation Assumed - 30.4S0 m (100.00 ft)

BM 2 - W.R.B. brass cap in sol1d rock outcrop with orange-
painted iron marker bar KNW of staff gauge.
Elevation - 30.450 m {99.90 ft)

Description of gauging equijment, location and Initial

Point of Sounding:__ 6-7cot staff gauge above upper falls on

L/bank 6! m (200 ft) ST of old boiler house f{est. Oct. '61).1

'Hpg-tyr.e'preuure recorder operating Cec.68. Boat msmts.

in sum=er; cableway in winter and at low stages. [.P. from

corner ef ¢ old shed on point on L/bank across to blazed

DOMJr en 8/t -/L,am

Descnpt ion of Control and Mcasuring Sections:
R/bank: high mud bark, unlikely to overflow, wocied.

L/bank: lower than R/bank, some flooding to & minor degree.

Streawted: rocky at cablewdy, rock and mud at boat section.

e e e ————— e o e e

DRESIONED S\ETCH OF CRIFICE OR INTAKES

Prepared or Revised by v.S.F. date  Auvg. 15, 1978
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FIGURE 13
HYDROGRAPH COMPARISON - SIOUX LOOKOUT AND UMFREVILLE

NUMBER SHOWN = CFS METERED AT ENGLISH RIVER NEAR SIOUX LOOKOUT
" T MEAN DAILY FOR ENGLISH RIVER AT UMFREVILLE

1.0

DISCHARCE aes ENGLISH R. NR SIQUX LOC;_?'.'OUT

CFS/MIZ .~ ENGLISH R. @ UMFREVILLE

| -(NAMAKAN R. @ OUTLET OF
 LAC LA CROIX)

//./( TURTLE R. NR MINE CENTRE)
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TABLE 2

RESULTS OF MULTIPLE REGRESSION

Dependent Variable- LQMEAS - Log 10 of metered discharge Increase in R2
Independant Variables- LGHT - Log 10 of river stage above zero flow point .925
AFLL - Actual fall to Lac Seul . .028
LAKH - Lac Seul stage , .010
Equation- Total R?
LQMEAS = .975 LGHT + .086 AFLL + .073 LAKH - 2.18 . 95
Dependant Variable - QMEAS - metered discharge Increase in R2
Independant Varibles - RIVH - river stage . 886
FAFN - ratio of actual fall to normal fall .029
AFLL - actual fall to Lac Seul .001
Equation - Total R?
QMEAS = 2410 RIVH + 257 FAFN 4 47.7 AFLL - 167970 . 92
Dependant Variable - BCKW - amount of backwater Increase in R2
Independant 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 dbove 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
Independant 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 R?
CORF = -.364 LAKH + .00013 BCQ -.338 AFLL + .500 LGHT + 25.8 . 47
Dependant Variable - QMEAS - metered discharge Increase in R2
Independant Variables - QCOM - normal fall computed discharge using
normal fall = 78 -RIVH + 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 R?
QMEAS = .656 QCOM + .624 BCQ - 684 RIVH - 19.8 LAKH + 48521 . 97
36
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