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The Kootenay River/Ises In the northern part of Windermere, 
In British Columbia, a short distance east of the head waters of the 
Columbia River, and flows southerly parallel to the north-flowing 
waters of the Columbia for fifty miles, thence through Fort Steele 
and across the International Boundary into United States territory, 
flowing south and north-west for a distance of about 120 miles. It 
then enters Canadian territory again, and soon expands into what 
Is known as Kootenay Lake, which receives a number of small 
streams In its northern arm. The lake discharges by way of the 
west arm, at the western end'of which Is the town of Nelson; the 
river keeps a south-westerly course to its junction with the 
Columbia River at Robson. The total length of the river Is about 
350 miles, and the area drained by it and Its tributaries, above a 
point ten miles belo^-Nelson, is some 9,800 square miles, of which 
2,500 square miles are United States territory.

Thfe minimum flow of the river, at a point about nine miles 
below Nelson, was found to be 5,850 cubic feet per second. These 
measurements were taken In January, 1905, when the water In the
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river was lower than at any season previously observed. The 
/variations In flow of the river are very great, but no measurement 
of maximurtl flow has been made as far as is known. The periods 
of high and low water differ from those of rivers not situated in 
mountainous country, and. in the case of the Kootenay River, 
which largely depends for Its supply from the masses of melting 
snow on mountains of great altitude, the high water period is 
comparatively late in I he season, highest water being in June and 
July, as shown on the diagram No. 1.

The power development herein described was built at the Upper 
Ronnlngton Falls, the lower falls having been partially developed 
some years ago by the same Company. The site for the develop
ment ofHhe upper falls was chosen on the north bank of the 
river, and is generally shown on accompanying diagram No, 2.

The channel between the Rocky Island and the north bank was; 
made use of for approach and tail race ; the power house was 
built Iq the river, and a cofferdam was built from the hank to the 
Island, thus unwatering the whole site and diverting the water 
to the south of the Island. Although the natural channel assisted 
materially In the development work, yet about 40,000 cubic yards 
of rock had to he removed to provide power house foundations 
and tail race. The removal of this rock was somewhat difficult, 
owing to the confined area in which the work had to be done, 
the difficulty of disposing of it, the nature of the rock (Nelson 
flranlte) and the Irregularity in direction of the seams In the rock, 
some of which had to he excavated under water. As a large part 
of the concrete work admitted qf the use of large stones, those 
most suitable for thé work were piled up in convenient places /or 
this purpose, and a large quantity was passed through cruslers 
and used In the concrete.

By referring to diagram No. 1, it will be observed that \he 
variations between high and low water above and below the falls 
do not correspond. 'The reason for this is, that at present the flow 
of the rivér below the falls Is restricted by a number of rocky 
islands. These hold back the flow of the stream, but it Is the 
Intention to Improve this channel, so as to afford moré channel 
area and more nearly equalize the rise and fall below the falls 
with the rise and fall above them.

Owing to these variations, which can never be entirely 
eliminated (except at a cost beyond commercial practicability), the 
vertical type of wheel setting, was adopted, using all the head 
available at all stages of water, instead of adopting a head which 
would he nearly constant and which would involve the sacrifice of 
a large amount of power for periods when low water prevailed
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Of course, wheu the natural head Is least, the volume of water 
used is not important, as the quantity available Is more than 
ample, but at periods of low water the head is greatest, and the 
vertical setting is an advantage since it permits the use of the 
higher head. Had a horizontal wheel setting been adopted, the 
power house floor would have had to be set above highest water, 
and, allowing the use of a draft tube of 24 feet at this altitude, 
the tail water would have had to be maintained at a level above 
low water, ivhich w6uld involve the loss of head for a considerable 
period of (every year when water was low and, consequently, when 
head was most valuable.

It is the intention to increase the natural head by building a 
timber dam across the river to a height that will drown the rapids 
above the fall, thus affording an increase of head of ten feet, and 
the machinery and works are designed to meet this condition. 
This work will be done during the current year. There are no 
troubles from ice on this river.

It is possible to construct works at the outlet of the Kootenay 
Lake to maintain the lake level more nearly uniform, and thus 
to assist materially in reducing maximum discharge and Increasing 
minimum discharge of the river below this point. This will render 
working conditions much better and increase the potentiality of 
the river considerably. However, the matter has not yet been 
considered by the Government, though It would afford advantages 
of public benefit in the navigation of the lake, which is now, and 
will perhaps always be, a part of the transportation system of this 
district, owing to the great difficulty of constructing a railway 
from Kootenay Landing to Proctor, located 17 miles above Nelson.

The power house construction and arrangement are shown on 
the accompanying sketches, Nos. 4, 5, and 6. The building is 
entirely of monolithic concrete construction, reinforced wherever 
necessary; the reinforcement consisting of round steel rods, and in 
some places of steel rails, which were used in parts of the structure 
under severe strain.

The general scheme can readily be seen by referring to plan 
No. 6. The water enters the flume through the submerged openings 
between the piers, and can be shut off by gates or by stop logs, the 
latter being provided for, so as to render the gates accessible in 
case of emergency. Behind the gates are the screens, which are 
thus rendered accessible for repairs or cleaning if necessary. The 
water flows down the tube formed in the concrete to the wheels, 
of which there are three on each shaft, two discharging Into the 
upper draft tube and one into the lower tube, uniting in a common 
discharge, which is placed below low water. The draft tubes
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aie moulded in concrete and have no steel lining, being built up 
with the structure, cored opening^ in the monolith. Care was 
taken to secure a very smooth surface on the inside^ of all passages 
for water, and their curves and cross sections .were designed to 
offer as little resistance as practicable. ,

The exciter turbines are similarly arranged, but are made to 
operate under a constant head by having the discharge at a higher 
level, which level is maintained by a weir.

The pressure pumps, governors, and low tension cables are all 
located in the chamber below the power house floor, the only 
machinery on the floor being the generators, controlling board and 

x> the low tension switches. The crane travels the length of the 
power house and over the railway track, so that all machinery can 
be handled from the car to place by the crane. Any leakage
through the up-stream wrall is taken care of in the air space and
drained off.

The tail race openings are also provided with gates and stop
logs, which can be closed, and any chamber can be emptied of its
water by a system bf drains and valves, leading the water from any 
one chamber to a well at the south end of the building, where a 
centrifugal pump throws it out into the tail race. The head water 
is admitted through a by-pass, as shown on plan No. 4. The 
whole scheme provides thé greatest facility for inspection and 
making of repairs when necessity arises.

The transformer house and switch room are clearly shown ‘on 
plans No. 7 and No. 8. The floor of the transformer room is at 
such a level as to permit of the transformers being wheeled on 
their own trucks from “a flat car on the railway siding Into place. 
The transformers are entirely separated from the switch room by a 
concrete wall, and the whole building is of concrete, including the 
partitions and barriers.

Owing to the peculiar location necessary for the transformer 
and switch building in relation to the power house, it was neces
sary to throw arches over a gap In the rock to provide foundation 
for the building, this will be seen on plan No. 8.

As this work Is the largest single piece of concrete construction 
yet built itj, the Province, It Is satisfactory to be able to say that 
the whole of the cement used was manufactured in British 
Columbia, and successfully passed the rigid tests of the Engineers 
prior to acceptance

Hydraulic Machinery.—Each main unit is capable of delivering 
to its electrical generator 8,00(1 mechanical horse power when 
operating under a head of 70 feet of water and when running at 
a speed of 180 revolutions per minute. The quantity of water
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required per unit Is 1,200 cubic feet per second, oY u volume equal 
to the flow of a river 100 feet wide, 5 feet deep, and moving with 
a velocity of 151.2 feet per minute.

Each 8,000 H.P. turbine consists of three inward flow Francis 
runners mounted on a vertical shaft, each runner being equipped 
with its own distributor and moveable guide vanes. These distri
butors are bolted to heavy cast iron base rings secured to ,infc 
masonry. The runners are thus mounted in concnete pits, which 
form the turbine wheel casings and the draft tubes for carrying 
the discharge water to the tail race.

The runners are made of special turbine metal of approximately 
88 parts copper, 10 parts tin, and 2 parts zinc. Each Is made in 
one -piece, cast in cores and bolted to the hub. The hubs are made 
by enlarging the shaft at the points „ where the runners are 
attached, and heavy flanged are turned on the shaft above the hubs, 
to which the runners are securely bolted.

The upper and intermediate runners discharge in opposite 
directions Into a common draft tube, the upper one discharging 
downward. The lower runner, like the upper one, discharges down
ward also, but Into Its own individual draft tube. The chamber 
above the upper runner is by-passed to the draft tube, which 
relieves the pressure in the chamber, and thus eliminates the 
hydraulic thrust of this runner. As the other two runners dis
charge in opposite directions, the total resultant thrust on the 
shaft is theoretically zero. The thrust bearing, however, has been 
designed to take care of a generous amount of thrust over and 
above the dead weight of the revolving parts. The revolving 
parts consist of the rotor of the generator, the shaft in three sec
tions, three runners weighing 4,000 pounds each, couplings and 
bolts, making a total of 170,000 pounds. The thrust bearing con
sists of two specially close grained cast Iron disks. The lower 
disk is supported by a ball seat, while the upper is securely held 
In place by an adjusting nut on shaft. The disks have raised lips 
on the outside and inside circumferences, so as to form an annular 
pressure chamber, into whlqh the oil is forced under a pressure of 
250 pounds, which lifts the revolving parts. When these parts are « 
lifted the oil escapes between the surfaces of the disks, by tills 
means supporting the total weight on a film of oil.

The thrust bearing is covered with a cover, fitted with glass 
peep holes. The oil is supplied to the bearing from a high pressure 
triplex pump, capable of working under a pressure of 500 pounds 
per square inch. This pump is directly driven from the main tur
bine shaft by bevel gearing and counter shaft. Each turbine has 
its own pump, oil tank, piping, gauges, etc., which, in fact, is a



complete system in itself, ami independent of the governor system.
An extra motor driven pump, with piping, lias been provided, 

which is arranged to act as a spare for any onelof £he main units 
or exciters, but its primary use is to .supply oil to the turbines 
when starting up.

The main turbine shaft is kept in alignment by three guide 
hearings. The upper guide hearing is built in conjunction with the 
thrust bearing. It is lined with Parson’s White . Brass and is 
lubricated by oil supplied under pressure.

The intermediate and lower guide hearings, the former situated 
above the upper runner, and the latter between the intermediate 
and lower runners, are of lignum vitæ, made by driving lignum 
vita' into tlie dovetail spaces in tile bronze boxes. As these bear
ings are submerged, they are well lubricated with water and 
require little or no attention. ......... ...

The water is distributed to the runners through malleable 
icon moveable guide vanes finished smooth, so as to offer little 
resistance to the water. These vanes are operated by means ot 
links from one side of the vane. The links are connected up to 
tlie vane operating ring. The rings are operated by rods and levers 
from a vertical shaft which leads to the operating deck, where the 
governor is located.

The revolving balls of the governor control a pilot valve 
attached to an equalizing lever. This valve operates a relay valve, 
which In turn controls tlie main operating piston, which is 
connected to tlie vane operating shaft.

An oil pump, a pressure tank, and the necessary piping is 
furnished with each governor.

In order to control tlie speed of the turbines from the switch- 
hoard, each governor is furnished with remote electric control.

The two upper sections of the main turbine shafting are joined 
together by a cast steel coupling four feet in diameter. The brake 
ineehanisni"*Is fitted ahoiff the coupling, the outer edges forming 
the brake band. Two brtvke shoes are applied on the brake band, 
and a hand mechanism is arranged so that a force of 10,000 lbs. is 
brought on each brake shoe.

Knell turbine Is guaranteed to give an efficiency of at least 
80% when delivering 8,000 H P. and operating under a head of 
70 feet running at a speed of 180 revolutions per minute.

The hydraulic machinery is all the product of the I. P. Morris 
Company, whose hydraulic engineer, Mr. W. M. White, designed 
and carried out the work so successfully.

IHnitriiiil IhiTliiiniinit.—The general scheme of electrical distri
bution Is so arranged that power can at present be delivered to
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Phœnix, 79 miles distant, at 60,000 volts; Grand Forks, 69 miles 
distant, at 60,000 volts; Greenwood, 83 miles distant, at 60,000 
volts, and to Rossland, 32 miles distant (In the latter case over 
the existing lines of the old plant), at 22,000 volts.

It will be seen that owing to the complication involved in 
tying-ln to the old plant two transmission voltages were required, 
and therefore transformers, switching apparatus, etc., had to be 
provided for both. Plan No. 9 shows diagramatlcally the connec
tions of the different plants and sub-stations.

The whole of the power so far sold is used for mining work 
for large motor equipments, for the lighting and power of the 
mines, and the lighting requirements of the various mining towns 
above mentioned.

In addition, it Is thought that the company will be able, at 
some time in the not distant future, to sell power to the railways 
in tty vicinity of Rossi aiyl for operating, especially on the heavy 
grades necessary In attaining the elevation of the Rossland Camp. 
The haulage over those grades at the present time is operated by 
steam locomotives of special type. In some cases these are geared, 
and switchbacks are established along the route In order to ease 
grades and for safety. As the heaviest grade does not exceed 
4(4%, this is quite within the capacity of a modern electric loco
motive of considerably less total weight than the present steam 
machines, and as the advent of the single phase motor has 
rendered it possible to operate without the use of rotary converters 
or dynamo motor sets, the problem Is mutfh simplified.

Generator» and Flxciter».—The generators are four in number, 
each of 4,500 Kw. capacity at 2,200 volts and 80% power factor, 
at a frequency of 60 cycles, being of the umbrella type and 
directly connected to vertical water wheels. Two units only are 
at present installed.

The exciters are two in number, each of a. capacity sufficient 
to excite the entire equipment when finally Installed. These are 
also of the umbrella type and directly connected to vertical wheels.

Generating Station Switchboard.—As will be seen from plan No. 
4 current Is carried at 2,200 volts to the bus bars, in compart
ments elevated above the station floor, and formed entirely of 
concrete, all ''parts being thoroughly barriered with the same 
material. The top of this bus bar compartment, in which all 
operating transformers are placed, forms the base of a platform, 
upon which are mounted 19 2,200 volt oil switches, all being motor 
operated by distant control from the bench board.

The bench hoard, which contains the controls fpr the whole of 
the station, Including the 2,200 volt switches, 20,000 volt switches.

)
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60,000 volt switches, together with the speeders for the water 
r wheels, is situated in front of the instrument panel at the end of 

/ the station, all connections thereto being reduced to a pressure of 
I not over 110 volts for safety.

The general switching ^rtaiigement has been worked'out on the 
basis of two separate and distinet plants, which may be coupled 
together or run separately on any transmission line or any bank 
of transformers. . . *

The cables for connecting to the low voltage bus bars, and from 
thence to the transformer station adjacent, are all rubber covered 
and drawn into bituminous fibre ducts, which are embedded in the 
concrete floors, partitions, etc. .

Transforma• Station.—The transformer station is arranged for 
four banks of (10,000 volt transformers, each transformer being of 
1,875 kilowatts dhpacity, at 60,000 volts, and one bank of three 
transformers, each of 1,000 kilowatt capacity, at 20,000 volts, for 
Interconnecting between the station herein described and the old 
development, which is distant about one mile; of these two banks 
of 60,000 volt and one bank of 20,000 volt transformers have been 
Installed.

All of the switches throughout the transformer house are motor 
operated and controlled from the bench board In the same station.

In every case live parts, such as wires, etc., are kept three 
feet apart and 18 inches from all walls and barriers, and mounted 
on 60,000 volt insulators. The transformers are oil-filled and 
water-cooled, and have all the necessary connections for natural 
circulation of water and for handling of oil Into and out of storage 
tanks by means of oil pumps.

Sub-Stations: Phoenix, (hand Forks, (Irecntoood.—The design of 
these sub-stations, all of which are alike, is shown on plan No. 10.

Both the transmission lines enter the tower through special 
entrances, consisting of plate glass and porcelain tubes; from 
whence the lines pass through the choke coils and disconnecting 
switches, and from there into the high tension distant control oil 
switches, and finally into the main transformers, being transformed 
in pressure from 50,000 to 2,200 or 440 volts, as required by the 
motor service.

The transformers of 1,000 Kw. each are located in banks of 
three in separate compartments, the necessary cooling water and 
oil piping and tanks being supplied. “^The transformers are 
mounted on trucks and arranged so that they can readily be run 
out of the compartments.

Tension Switch Room and Tower.—In this compartment are 
Installed all the high tension apparatus, lightning arresters.

Y

I



switches, etc. The flode of this compartment is raised four feet 
above the general level, this space thus rendered available being 
used for carrying the high tension lines connecting between lines 
and switches. For convenience in inspecting and -«leaning the 
lightning arresters, etc., an elevated walk way has been provided 
in this compartment. All low tension cables are carried in fibre 
conduit set in concrete.

Low Tension Switchboard Hoorn.—'This room contains all the con
trol apparatus for the high tension switches, etc., as well as feeder 
panels for low tension lines, also the storage battery for operating 
the motor operated switches,. motor generator set for charging 
the batteries, etc. One end pf this compartment is reserved as a 
store room for supplies.

The construction of this entire plant was done by day labor 
under the supervision of the engineers. It was commenced in 
Jüne, 1905, and water was admitted to the forebay December 24th, 
1906. Exciters were operated on December 29th, and one of the 
power units went into commission on the following day.

We desire to acknowledge the assistance of Mr. John L. Allison, 
Member Canadian Society of Civil Engineers, and of Mr. J. N. 
Smith, for the able assistance given in designing this work, and 
also the services of Mr. Geo. E. Revell, A.M.C.S.C.E., Mr. Walter J. 
Francis, M.C.S.C.E., and Mr. A. C. D. Blanchard, A.M.C.S.C.E., who 
at various stages of the work directed its .construction.
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