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PREFACE

Pursuant to the International Joint Commission Order of Approval
dated November 11, 1938, which authorized the excavation of Grohman Narrows,
the levels of Kootenay Lake are to be lowered during each flood season by
definite minimum amounts below the levels that would haﬁe occurred had
there been no modification of flow conditions by Carra Linn Dam or channel
excavations at Grohman Narrows, i.e., under the outlet conditions of 1929;
referred to as the original outlet conditions.

Enforcement of this section of the Order necessitates the
computation of the daily mean elevation of Kootenay Lake urder natural
conditions; that is, the levels that would have existed had they not been
affected by the development and operations by the West Kootenay Power and
Light Co., Ltd. The computation of these lake lévels has been accomplished
through use of the Nelson Discharge Curve for Original Conditions and the
Storage Diagram as presented in the report,r"The Regulation of Kootenay
Lake——Deyelopment of the Di;cbarge Curve and Storage Diagram for Original
Outlet/donditions," dated Qctober 27, 1941, by T. M. Patterson, Ottawa, |
Ontario, and R. W. Davenpordt, Washington, D. C. Prior to this report no
method of determining outflows from Kootenay lake had received joint formal
acceptance by the United States Geological Survey and the Canadian Water
Resources Division. Initially the oﬁtflows were determined by deducting
intermediate inflow from the discharge measured at Glade. In 1944 the
Glade station was drowned out by tackwater from Brilliant Dam. In the
absence of other independent means of determining outflavs, the déily

discharges through the Corra Linn Dam and powerhouse, as computed by the



pover company, have besen used as the outflav from Kootenay lake as they were
readily available and were considered substantially accurate.

Discharge measurements taken at a néw cableway at Grohman subse-
quent to the completion of the Grohman Narrows excavation were used by
W. S. Eisenlohr, Jr., Wash., D. C., through application of a multiple
cor%elation procedure, to develop a discharge cwrve fqr present conditions
that would be e?fective at least 6 months each year. The purpose of this
repoft therefare is to present:-

(a) the discharge cwve for Kootenay River at Grohman, B. C.,
derived by multiple correlation an&lysis, which provides an
alternative mans for camputing outflor from Kootenay Lake
(as compared to outflows computed by the pover campany),

(b) an analysis of the effects of the Corra Linn development and
related works on the levels of Kootenay Lake and the lowerings
achieved, computed on basis of dally discharge obtained by
application of the Grohman discharge curve,

(¢)  a study of operating procedwre at Corra Linn Dam during the
flood season for control of foarebay elevations, consistent
with reguirements for lake lowerings, that is suited to
efficient operation of the Corra Linn plant; and

(d) considerations regarding review of discharge ratings for

the gates and wheels at Corra Linn Dam and porerhouse.

~
N
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Following exchange of correspondence and pertinent technical
data the udersignsd met and reached mutual agreement regarding the
acceptability of the Grohman discharge curve for determining the outflow

fran Kootenay lake.



The results of the studies are presented in the following
repori and are submit ted herewith for the information and guidance, as

appropriate, of the International Kootenay Lake Board of Control and

other agencies concerned.

d\* 0 LC{,)&/‘L.%WM \\/ S m

A. 0. Waananen T. M. Patterson
Hydraulic Engineer Hydraulic Engineer

Water Rescurces Division Water Resources Division
U. S. Geclogical Survey Department of Resources.and
Washington, D. C. "~ Development

Ottawa, Ontario.

October 17, 1951



KOOTENAY RIVER DISCHARGE BELCUYW KCOTENAY LAKE

DEVELOPVENT OF THE DISCHARGE CURVE FCOR KOOTENAY RIVER AT

GROHEMAN, B. C., UNDER PRESENT CONDITIONS

Introduction

1. A basic consideration in the control or regulation of storage in
Kootenay Lake and the operation of Corra Linn Dam 1s the amount of cubtflow
from Kootenay Lake. The effeqt of storage and compliance with the require-
ments for lowering of lake levels during the flood season are determined
by comparing the present observed levels of Kootenay Lake with the computed
levels that would have existed had there been no mcodification of flow
conditions by Carra Linn Dam or the channel excavation below Nelson, B. C.

2. In 1941 the Dominion Water and Power Bureau (now Water Resoufces
Division) and the United States Geological Survey adopted a stage-
discharge relation for Kootenay River at Nelson, B. C., urder original
outlet conditions as presented in the joint report by T. M. Pattersoh and
R. W. Davenport entitled "The Regulation of Kootenay Lake——Deyelopment of
the Discharge Curve and Starage Diagram for Original OutletAConditions",
dated O;tdber.27, 1941. This repart was the culminztion of studies cafried
out between 1939-41 during which period several reparts regarding the dis-
charge of Kootenay River below Kootenay Lake, and Kootenay Lake storage

were exchanged between the participating government agencies.
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3. Prior to June 1944, when the gaging station &t Glade was drovmed
out by operations at Brilliant Dam, but subsequent ©wo the Grohman Harrows
excavation, the outflar from Kootenay Lake used in studies of the effect
of regulation of the Lake was determined by the Geological Survey by sub-
tracting, from the discharge measured at the gaging station at Glade, the
measured inflow from Slocan River and estimated flow of other tributaries
between Corra Linn Dam ard Glade. It was considered that this method gave
satisfactory fliow recards at the Corra Linn plant but it was recognized
that the flow at that point included unrecorded inflow tributary to the
forebay between the natural control at Grohman Narrows and Corra Linn
which had not contributed to the supply to the Kootenay Lake under original
cuslet conditions.

L. Prior to this report no method of determining the outflow from
Xootenay Lake wder present conditions (either the computed flows through
Corra Linn sluiceways and power plant or independent determinations) has
received formal joint acceptance by the United States Geological Survey and
+he Canadian Water Resources Division. As a result of the drowning out of
the Glade station in June 1944 the outflow records currently used are those
computed by the West Kootenay Pawer ard Light Co., Lid., operators of
Corra Linn Dam. Thase records are cqmputed by means of curves on the
power company drawings F-341 and F-342.

5. As a result of the discontinuance of the gaging station at Glade,'
and in order to simplify determination of the outflow from Kootenay Lake,
{thsre ig need for a ready means of compubing the discharge from the Lake.
The results so obtained would provide an irdependent check on the data

ooteined by the power company. The need for a rating independent of the



Carra Linn computaticns for checking the computed data may be demonstrated
by a study of the discharge at Corra Linn as fumisted by the West Kootenay
Porer and Light Company and as determined by the Geological Survey oy
subtracting inflow between Corra Limn Dam and Glade from the discharge of
Kootenay River at Glade. For the periocd November 1940 to March 1941, for
example, the power company figures were substantially more (from 1 to 5
percent) than the computed data,as shovn by the following tabulataon:

Out flov from Kootenay Lake
(second-foot-days)

Glade minus inflow , Corra Linn

Month (USGS) (WKP%L Coo)
November 1940 273,030 275,620
December 256,110 269,600
Jenvary 1941 240,040 251,120
February 234,370 243,260
March 1 - 29 325,570 330,690

Similar consistent differences have been observed at other times. Ths
results of discharge measwements made at Grohmen Narrows, with appropriate
allowance for inflow between the cableway ard Corra Linn Dam, also indicate
that the flows reported by the power company are 100 large. In paragraph
43 hereinafter it is indicated that these excessive flow records at Corra
Iinn may be traced to sluice ratings based on early Grohman measurements

- which exceeded actual river flows.



Discharge Curve for Kootenay River

at Grohman, B. C.. urmder Present Conditions

Stage-Discharge Relation
General Principles.

&. A new cableway at Grohman put into use in February 1943 provides
conditions for satisfactory measurement of discharge. Discharge measurements
made previously from an earlier cableway are not considered to be of campar-
able accuracy. The flows measured at Grohman constitute the actual outflow
from Kootenay Lake and do not include inflow between Nelson and Corra Linn.

7. Measurements made at Grohman have been referred to gagés installed,
in accordance with Section 6 of the International Joint Commlssion Orcder of
November 11, 1938, at Nelson {(Gage No. 10}, at the forebay of Corré Linn
power plant (Gage No. 17) and at the Tailrace of Corra Linn power plant
(Gage No. 18). Although elevations of Kootenay Lake at Queens Bay had been
obitained preceding many of the dischargs measurements, the referring of the
measurements to Queens Bay stages is considered unsatisfactory because of
the long distance involved and the effects of wind and power operations;
however, approximations are feasible on the basis of mean daily elevationso
On basis o the consistent results shown by trial plottings, Gage No. 10 at
Nelson'ﬁas adopted as the bése gage for the Grohman msasurements and rating
study o

8. The feasibility of devélOpiné a rating for the Kootenay River at
Grohgan, B. C., on basis of discharge measurements made from the new cableway
at Grohman Narrows was studied by Wm. S. Eisenlohr, Jr., of the Geclogical
Survey staff, Washington, D. C. The resulis of that study were contained in

4

2 memorandum dated Nov. 21, 1946, that was made available to the Canadian

water Resouwrces Division by the Geological Survey. Tne basic principles of

Py



the present multiple-correlation rating were set forth in that memorandum
which has been drawn upon freely for the cdescriptions in this report. The
1946 rating was based on the 47 discharge measurements then availabie. The
present rating is an extension ard refinement made possible by 98 additional
measurementé;

9, Grohman Narrows acts as a section control at the outlet of
Kootenay Lake below Nelson, B. C. Gage heights measured at Nelson give the
head on this control. If the sluice gates at Corra Limn Dam 7 miles down-
stream are opened sufficlently to eliminate backwater at the control, it is
possible to establish a simple stage-discharge relation that is applicable

or such conditions. This is a free-fall rating. With fewer sluice gates

+H

open and tackwater present above the control at Grohman the discharge varies
with the fzll in water surface between Nelson and Corra Linn as well as with

the stage at Nelson. A rating wder bacicvater conditions involving stage,

)

all, and discharge can be ocbtained by methods used successfully in stream-
flow computations elsewhere, which are developments of ordinary multiple
correlation procedures (for discussion of multiplie correlation, see
nMethods(of Correlation Analysist by lordecal Ezekiel) o

10. A multiple—correlation-rating consists of several relation curves.
The stage-discharge relation curve is basically a limiting curve that is
large'of all stage-discharge plottings and represents the maximum discharge
possible at the given stage. The free-fall curve is a limiﬁing curve that
is small of the falls of all me asurenents plotting on the stage—discharge
curve and defines the minimum fall wder which free-fall discharge'can occurs
Tn the construction of the rating the stage-discharge curve is drawn as a
rmean of all measurements that nhave falls greater than the free fall. The

adjus tment needed to make any other reaswTenent s plot on the stage-discnerge



curve is a function of the ratio of the observed fall to the Iree fall,
Tnis function is obtained by plotting the ratio of the rezasured discrarge
to the free fall discharge against the ratio of the observed fall to the
free fall, and drawing a smooth curve through these points. lMeasurements
urder backwater are adjusted to equivalent discharge under free-fall
conditions by dividing the measured discharge by the function so obtained.
The stage-discharge curve is fixed finally as a mean of all measurements

made under, or adjusted to, free-fall conditions.

Relation Curves.

3 11. A listing of the Grohman discharge neasurements and pertinent
computations is given in Table 1. The plotting of these measurements and
the resulting curves are shown on figures 1 and 2 as followse

! a. Gage height at Nelson vs, measured and adjusted

discharge
b. Gage height at Nelson vs. fall
¢. Fall ratio vs. discharge ratio
In the preliminary studies it was observed that discharge measurements made
when the fall was less.than 0.4 foot plotted so erratically when ad justed
to equivalent free—fall discharge that they have been given 1little weight
in the development of the rating .

12. The plottings of‘measurements‘obviously made under free-fall
conditions indicate that, as in most natural channels, the;control section
and reach of river betwqen Nelson arnd Corra lLinn ere subject to change.
Measur;;ents made subsequent to the flood of 1948 define a change'in rating
caused apparently by erosion of the banké at Grohman Narrows and deposition

of tne scoured material at the low water control section. The relation



curves effective before and after the peak of the 1948 flood are as shown

in figures 1 and 2.

Point of Zero Flow.

» 13. The initial studies assumed, in the absence of actual observations,
<that the effective point of zero flow at Grohman was about at elevation
1,730 feet. Subsequent further study to check the position of the curve
of free fall indicated that the point of zero flow is probably at about
" elevation 1,728 feet (see figure 3, which shows by logarithmic plotting
+hat the relation curves plot more nearly as straight lines when referred

to a base of 1,728 ft.).

Datum.
14. In June 1949 a new Nelson gage was placed in operation at
approximately the same location as the old gage. Check levels have indi-

cated that the new gage is at the same datum as the gage previously used .

Relation Tables.

15. Measuréments 1-80 were made prior to June 12, 1948, and measure-—
ments 81-146 were made subsequently. Measurement 86 is incomplete. These
measurements, with the exception of those with falls of less than 0.4 foot,
define the stage-~discharge curves efféctive prior and subsequent to the
1948 flood. It is evident from the plottings of the measurements that a
change in the control occur?ed at the crest of the flood. Figure 1 shows
the plottings of measurements 1-80 as well as the resulting curve for the
stage—discharge relation uxder free fall, the free-fall cwve, and the

discharge ratio curve. Figure 2 shors similar plotiings of maasurements



81-35, 87-146 and resulting curves. The measured discharges and, when
falls are less than free fall, the adjusted discharges are plotted for use
in defining the stage—-discharge curve.

16. Tables have been prepared for use in applying the curves to each
of the two conditions. These tables consist of (1) the stage-discharge
relation under free fall for gage heights at Nelson, (2) the free f;l\l for
gage heights at Nelson, and (3) the discharge ratio (Jp) for given fall

ratios. The tables for the respective ratings are as followss

Rating dated August 17, 1951 (effective from 1943 to June 11, 1948)
\ \
Table 2. Stage-discharge relation wxer free fall
3. Free fall

L. Discharge ratio (Jg)

Rating dated August 20, 1951 (effective June 12, 1948 1o ).

Table 5. Stage-discharge relation under free £a11
6. Free fall
. 7. Discharge ratio (Jp)

For free-fall conditions the discharge table is used directly. With back-
water, the correct discharge is obtained by multiplying the free-fall
discharge by the discharlge ratio ( JF) corresponding to the ratio of the
falls. |

17. In connection with the development of the free-fall rating, the
falls of all measurements were plottéd on the same sheet. The position of
cach of the several relation cwves was then determined after careful
analysis of those measurements with falls approximatingééndicated free
fall. The positions of the curves as finally selected mé& be checked by
noting that some measurements with greater falls may plot low in discharge

as compared to measurements having smaller falls, thus indicating that



discharge was occurring under free fall. It was deduced also that
apparently none of the measurenents rade for gage heights under 42 feet
were made wder free-fall conditions. 4As a result of measurements obiained
_ in 1951 these curves were defined mare sharply than had been possible pre-
. viously.
" 18. Thirty discharge measurements (measurements 9-12, 24-29, 37-39,
‘50—55, 67, 68, 106, 107, 113-116, 123-125) had falls of less than 0.4 foot
and were not used in the rating analyses. Measurement 3 plots 6.9 percent
small but is balanced by measurements 41 and 59. Measurement 112, plotting
G.9 percent small, nay be affected by regulation resulting from power oper-
ations. However, measurement 112 1s balanced by measurement 122, plotting
8.0 percent large; the falls for these measurements were small, amounting
to 0.45 foot and 0.53 foot, respectivelys Measuremerts 136 and 137 plot
5.1 percent and 4.7 percent small; study of the soundings indicates no
noticeable deviation from other measwements. The remaining 109 measure-
ments have measuwred or adjusted free fall discharges that plot less than
5 percent away from their respective ratings and only 6 deviate more than

"L percent. For measurements made under free-fall conditions the maximum

deviation from the curves is only 3.3 percent.

General.

19. It was considered that perhaps the free-fall curves for the two
ratings should be parallel. In the absence, however, of specific informa-
tion regarding the point of zero flow both curves were drawn on the basis
of zero flow at elevation 1728.0 feet. It is considered that the effect
of any minor change in position of the free-fall curve at the lower stages

not significant.

)l
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20. The feasibility of using a composite discharge ratio (Jp)
curve was given ccnsideration but in view of the evident change in shape
of the comtrol section a composite curve was deemed to be improper and
separate curves were derived for each rating.

21. Dischrrge measurement s obtained on the recession from the 1948
flood peak plot small of the rating in the range of stage from 49 feet to
52 feet, indicating the possibility of an intermediate rating. However,
analysis of these measurements in comparison with measurements made later
or at higher and lower stages support the development of a single post-
1948 rating.

22. Strong winds, lag in stage changes throughout the reach, and
power plant operations may affect the accuracy of individual measurements.
Such effects are accentuated when measurements are referred to the Queens
Bay gage. The effect of these factars on average daily discharge is

probably negligible.

Computation of Daily Discharge

23. The rating for Kootenay River at Grohman provides a means for
computing daily outfiow from Kootenay lake. The figures of daily discharge
are obtained by multiplying the free—pali discharge for the daily mean
stage at Nelson by the discharge ratio (Jp) corresponding to the ratio of
the observed fall (difference between daily mean stage at Nelson and at
Corra Linn) to the free fall. When the observed fall exceeds the free
£all the discharge ratio is 1.000.

24. TFlows obtained by computing the discharges through the sluice

gates and turbines at Corra 1irn Dam include inflow between Grohman and

10



Corra Iinn and thus may not be directly comparable with the discharges
obtained at Grohman. Such inflows are minor for much of the year and
direct comparisons bthen are practicable.

25, At present the Grohman rating is not satisfactory for use in
determining the outflows when the £all between Nelson and Corra Linn is
less than 0.4 foot. Review of records indicates that during the_period

1944 t0 1951 the rating could be used as follows (see Table 8):

Number of Days Number of Days
Water Year Rating Applicable Water Year Rating Applicable
1944 220 . 1948 253
1945 204 1949 205
1946 231 1950 197
1947 217 1951(0ct.~July) 228

The discharge for periods when the fall is less than 004 foot must be
Getermined from the data computed at Corra Linn Dam; as the inflows are
small during these periods (the storage period) the flows at Corra Linn
are probably comparable with those at Grohman.

26. In order to compare the discharge as computed by the West
Kootenay Power and Light Co., Ltd., with the results obtained by applica-
tion of the Grohman ratings, the daily discharges have been computed for
the following periodss |

March 1947 to August 1947

October 1949 to September 1950

Yerch 1951 to July 1951
“re dstailed computations are presented in Tables 9, 10, and 11 respectively,
and inclide the daily discharge &s determined at Carra Lirn without adjust-
sent for inflow. The data for the compicte 1950 water year wers datermined

D P LR Ianand P T S L
now the comrarisons during Uhe STWLge pericd .

g
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27. Table 12 summarizes the monthly mean flows, including local
inflovs, as determined (1) by application of the rating, (2} at Corra Linn
and.(B) from a combination of the two to represent a practicable composite
record. The comparison of the results of (1) and (3) with those from
Corra Linn indicate that the Corra Limn discﬁarges are generally higher
even with allowance for inflows.

'280 A compafison by hydrograph of the outflow from Kootenay Lake for
the 1950 water year, as determined at Corra Iinn and at Grohman, 1s pre-
sented in figure 4. The results of discharge measurements are shown als0.

29, During the appropriate portion of each year the Grohman raiing
provides a satisfactory and practicable means for computing the outflows
from Kootenay Lake. This method could be a means fgr checking or could
provide an alterrative to the present procedwre of camputing outflow by use
of the curves for Corra Linn sluice gates ard wheels. During the remainder
of the year (whén £alls are less than 0.4 foot) the data as computed at
Carra ILinn would be used for the present. Pending better definition, 1f
feasible, of the rating under low fall conditions, con;ideration could be
given to the review and improvement of the Corra Linn ratings under those

conditions.



Kootenay Lake Levels and Lowerings

30. The repart, "Regulation of Koouenay Lake —-Devel opment of the
Discharge Cuwrve and Storage Diagram for Original Outlet Conditions®, by
T. M. Patterson and R. W. Davenpart, dated October 27, 1941, provides the
basis for determining compliance by the power company with Sub-section (6)
of Section 2 of the International Joint Commission's Order of Approval
of November 11, 1938, regarding the requiremernt s for the lowering of
Kootenay Lake during the flood season. The daily discharge computed at
Corra Linn has been used, as indicated in paragraph &4, &s the outflow from
ine lake. Tre data supplied by the company include the local inflos between
Nelson and Corra Linn. The Grohman rating, however, provides data on out-
flow that are éirectly comparable with those at Nelson under original outlet
conditions.

31, In view of the somewhat smaller figures of outflow obtained
through application of the Grohman rating, it seems appropriate to deter-
mine the computed natural elevations at Queeps Bay and the lowerings required
on basis of these data. Table 13 presents the comput ations for the period
April 1 to July 31, 1950. Comparative data on total supply, computed
natwral elevation at Queens Bay and the lowerings required and achieved,
obtained from the power company's weekly log sheets, are given in Table 1l4.
Figure 5 shows the comparison of the resulis. It is noted>that the computed
natural elevations at Queens Bay, determined from the Grohman data, are
as much as 0.8 foot lover than those based on the Corra Linn data. Corres-
pondingly, the required laverings at Queens Bay are reduced, but cnly by

as much as 0.1 foot. The indicated lowerings, horever, still exceeded

13



those required by substantial emounts. The greatest difference between
the lowerings computed from the two sets of data cccurred during the
period when 1ocaliinflow between Grohman and Corra Linn was largest, as
evidenced by the estimated inflow of 1,200 cubic feet per second on June
13.

32, In connection with studies of the water-surface elevations of
Kootenai River in Idaho in relation to regulation of the elevation of
Kootenay Lake by Corra Linn Dam and the channel excavation below Nelson,
B. C., because the actual Queens Bay stages are still lover than those
required by the lowering order; as determined from the recomputed stages

under original outlet conditions, a corresponding and proportionate

lowering of river stages in ‘Idaho is indicated.



Operation of Corra Linn Dam during the Flood Season

33, Prior to the 1951 flood season the West Kootenay Power and Light
Company has generally, if not exclusively, operated Corra Linn dam so that
the water levels in the forebay would be at the lowest possible levels
during the flood periocd. Such operation has tended to assure upsiream
interests that the maximum possible outflaws from Kootenay Lake were being
maintained. |

34. In conneckon with development of the rating for Koctenay River
at Grohman it was observed that the section control at Grohman Narrows at
the outlet of Kootenay Lake is effective when the sluice gates at Corra
Linn Dam are opened sufficiently. Thus the rate of outflow from Xootenay
Lake occurring urder free fall is the maximum possible at the given stage;
and further lowering of the water level at Corravlinn has no effect in
increasing the outflow from the lake.

35, As a result of the method of operation the fall between Nelson
and Corra Linn has of ten exceeded that recessary to provide the maximum
outflow. During such periods the reduction in the head available at
Corra Linn may have resulted in a reduction in power production.

36, The free fall for present conditions referred to gage heights
at Nelson is given in the free-fall table for the rating dated August 20;
1951 (Table 6), effective June 12, 1948. The curve of fréé fall is a

straight line with falls for given Nelson gage heights as follows:

bt
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Stage (feet) Fall (feet) Stage (feet) Fall (feet)

1736 3.94 : 1748 9.82
1738 492 1750 10,80
1740 5.90 1752 11.78
1742 6.88 1754 12.76
1744 7.86 1756 13.74
1746 8.84

37. During the flood season Corra Linn Dam might be operatsd so as
to provide for sufficient gate openings to assure the maximum outflow from
Kootenay Lake but without excessive adverse effect on the capacity for
power production. Such operation may be feasible by maintaining forebay
elevations a reasonable amount (one foot or one-half foot) lower than the
levels required to meet free-fall conditions, the additional lowering
representing a safety factor covering a margin for error and the possibility
of further changes in the Grohman control.

38. The following table presents a schedule of farebay elevations

during the flood pericd designed to maintain a one foot mrgin.

Stage (feet) Stage (feet)

At Nelson At Corra ILinn At Nelson At Corra Linn
1744,.00 1735.14 1751.00 1738.71
1745.00 1735.65 ‘ 1752.00 1739.22
174600 1736.16  1753.00 1739.73
1747 .00 1736 .67 ©1754.00 174024
1748.00 1737.18 1755.00 1740.75
1749.00 1737 .69 1756.00 1741.26
1750.00 1738.20 1757 .00 174177

T

T it were determined that a one-half fool margin is sufficient, the above

21lowable elevations of Corra Linn forebey can be raised by 065 foot.
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39, Subsequent to the lowering of Kootenay Lake to elevguion 1739.32
on April 1 and prior to the beginning of the flood season the parer company
has usually operated to provide forebay elevations ranging from levels
2 feet below the Nelson stage in early April to an elevation of 1735.0
feet. The effect of the minor loss of storage space resulting I{rom opera-
tions urder less than free-fall conditions at this period and until the lske
reaches an elevation of about 1744 feet will be dissipated in a short time
by the increased discharge which will obtain on return to free fall and as
a result of the minor increase in lake level.

40. The Nelson gage (Gage No. 10) has been selscted as the base gage
in connection with the development and use of the Grohman rating. The
Nelson gage is useful also as the base gage for control of Corra Linn
operations. A stage relation can be drawn for the Queens Bay--Nelson or
Queens Bay--Corra Linn reaches for free-fall conditions. However, because
of factors of distance, wind, power operations and lesser slope; a sta
discharge rating would be less sensitive than the Grohman rating. A
limited number of discharge measﬁrements annually under essentially free-
fall conditions would be helpful as a check on the position of the free-fall
curve and the stage—discharge relation under free fall. The period when
Kootenéy Lake levels are rising provably would provide the best opportunity
for such measurements. In the absence of measurements under free fall for
Nelson stages wder 1742 feet speciai efforts in March or April to obtain
measurements in this range would be justified. Operations at Corra Linn
generally in accordance with paragraph 38 will provide opportunity during

a brief pericd each year for measuwrements at intermediate stages.
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Rating of Corra Linn Dam Sluiceways and Wheels

"42. Comparison of the outflows from Kootenay lake for the period
November 1940 to March 1941, as computed at Carra Linn Dam, with those
determined by subtracting inflow from the recorded flows at Glade indicated
that the Corra Linn results were from 1 to 5 percent large. Similar
relati onships were observed for the periods in 1947, 1950 and 1951 for
which daily discharges we?e computed by application of the Grohman rating.

43. The ratiﬁgs for the sluice gates in Corra Linn Dam were déveloped
by the pawer company in 1932. The ratings of the Corra Linn Dam and pdower
plant are discussed briefly on pages 2/ and 25 of the report, "Koolenay
River Discharge below Kootenay lake®, by T. M. Patterson, dated May 22,
1639, These sluice ratings were developed on basis of maasurenents
obtained at Grohmen when 21l flow was through the sluices (power plant
closed). 4s analysis of the Grohman measurements, presented in Table 4
of that report, indicated that the results of the measurements were higher
than the actual flows,it was concluied #that the Board would require 4 * ¥*
a revision of the sluice discharge ratings before adopting a plant rating
to give the flow at Corra Linn."

44 . In 1939 Messrs. C. E. Webb and T. Re Newell, representing the
Dominion Water and Power Bureau and the U. S Geological Survey respectively;
arranged to obtain Heasura?ents of the flow through the three units at
Corra Linn for the purpose of checking the initial rating éurves as

developed by the pover company in 1932. Fourteen measurements were obtained

()

or each of the wheels during the period June 8 to December 8 1939. Thess

wct

rmessurements checked the ratings for wheels 1 and 2 within satisfactory

1imits but the agreement With the rairg for wheel 3 was less favorable.



Following careful review, with consideration of the relatively smali
errors likely in computing discharge by use of drawings F. 341 and F. 342,
+he Dominion Water and Paver Bureau in 1940 concluded that the curves as
presented in the drawings were satisfactory for use in computing the

flow through the Corra Linn turtinres.

L5. The Corra Linn ratings were the subject of a conference on
May 27 and 28, 1941, at South Slocan, B. C., attended by Messrs. Newell,
Webdb, Tindale and Campbell at which time model studies for determining
trends of -coefficients to be applied in the discharge formula for the gates
received favorable consideration. Although proposals were made to several
hydraulic laboratories, concentration on war work forced postponemént of
tne studies. Subsequent to 1946 the anticipated development of a satis-
factory rating for Kootenay River at Grohman gave promise of & practical
means for checking the Corra Linn data end further planning for model
studies has been deferred pending the outcome of p;esent studies.

46. The Grohman rating, demonstrated as being applicable for much of
the year, may provide a means for checking the Corra Linn ratings. It
should be recognized, however, that the rating may not be suitable for
periods when all the discharge occurs through the wheels as the minimum
falls are likely to occur at these times. Accordingly the ratings for the
wheels may require a furﬁher indeperdent check by means of additional
current-meter measurements or other étudies.“ T+ is believed that the
ratings for the sluice gates might be checked by dedwcting flos through the
wheels from the sum of the discharge obtained from the Grohman rating and

inflowo
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47. Angles and velocity of approach during pericds of high discharge
ray affect the ratings for the respective siuice gates, particularly at
opposite ends of the dam, thus making it inadvisable to rate only one
gate. Under lov flow and high head conditions, however, the effect of
velocity of approach probably is negligible. Possibly data for the
review of the discharge ratings for different gates can be obtained from
the Corra Linn operation records and associated figures of discharge
computed at Grohman, or operations at Corra Linn might be planned to pro-

vide suitable conditiomns.
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Conclusions

8. On basis of the findings presented in this report it is considered

a. The rating developed for the Kootenay River at Grohman, B. C.,
provides a practicable means far detemination of the ouwtflon from Kootenay
Iake for at least six months each year, particuwlarly during the flood seascn.
Application of the rating is simple. During the critical season outflow
from the lake can be determined readily for use in checking compliance with
the requirements for lowering. The rating is acceptable to the United
States Geological Survey ard to the Canadian Water Resources Division.

b. Computation of the equivalent natural elevations of Kootenay
lake through use of the Grohman rating, in conrnection with analysis of the
e¢ffects of operations at Corra Linn and the channel excavation below
Nelson, B..C., indicates a laver ratural elevation than obtained on basis
of the Corra linn data. However, the corresponding required lowerings also
are smaller and past actual lowerings have exceeded the required lowerings.

c. Operations at Corra Linn Dam during the flood season couid
be modified to permit more efficient operation of the Corra Linn plante
This can be accomplishsd by maintaining farebay elevations at levels
sufficient to provide discharge either uder free fall, representing the
nmaximum outflow possible, ar sufficient to meet the requirements for lake
lowerings, whereas previously forebay elevations had been maintained, by
request, at the lowest feasible levels.

d. TFollowing attainment of elevation 1739.32 feet at Queens

Bay on Arril 1 at the end of the storage ar, 3t is possibis to cperats
v D s b Pe

a7

ke



Corra Linn forebay above free-fall stages until the lake rises to abouv
elevation 1744 feet, which, though causing slight raising of lake levels,
would not result in trespass of the required lowerings during flood
stages.

e. Discharge determired through use of the Grohman rating may

be helpful in the review of the ratings for the Corra Linn sluice gates.
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