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To Field Marshal, His Royal Highness Prince Arthur William Patrick Albert, Duke of
Connaught and of Strathearn, K.G. K.T. K.P. ele., elec., elc., Governor General and
Commander in Chief of the Dominion of Canada.

May 11 PLease Your Rovan HiGHNESS:
The undersigned has the honour to lay before Your Royal Highness the Progress Report

of the Manitoba Hydrometric Survey for the calendar year 1915.
Respectfully submitted,
W. J. ROCHE,

Minister of the Interior
Ottawa, .\l.l)’ 31, 1916
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DEPARTMENT OF THE INTERIOR,
Ottawa, May 31, 1916.

The Honourable W. J. Rocue, M.D.,
Minister of the Interior.

Sir,—I have the honour to submit the Progress Report of the Manitoba Hydrometric
Survey for the calendar year 1915, and to recommend that it be published as Water Resources
Paper No. 19 of the Dominion Water Power Branch.

I have the honour to be, Sir,
Your obedient servant,

W. W. CORY,
Deputy Minister of the Inlerior.
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DeEPARTMENT OF THE INTERIOR, DoMiNION WATER POoWER BRANCH,

Ottawa, May 31, 1916,
W. W. ( ult\.].\(),_ (\l 5.,
Deputy Minister of the Interior

Sir,—I have the honour to submit the attached Progress Report of the
}lf':!t'.rllnchlv' Survey for the calendar year
Chief Engineer.

Manitoba
1915, by M. C. Hendry, A.M.Can.Soe. C.E.,

In view of its important bearing on the industrial development of Manitoba, I would
recommend that it be published as Water Resource
Power Branch.

s Paper No. 19 of the Dominion Water

Respectfully submitted

J. B. CHALLIES,

Superinte ndent.
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J. B. CuaLuies, Esq., C.E ;
Superintendent, Dominion Water Power Branch,
Department of the Interior,
Ottawa, Ont.
Winnipeg, May 1, 1916.
Sir
I have the honour to submit herewith the manuseript of the Progress Report of the
Manitoba Hydrometric Survey.
This report covers the Hydrometric work carried on by this Survey during the year 1915,
I would request that it be published as one of the Water Resources Papers of the Dominion
Water Power Branch.

[ have the honour to be, sir,
Your obedient servant,

M. C. HENDRY,
Chief Engineer.
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VART 1
PROGRESS REPORT O THE MANITOBA HYDROMETRIC
SURVEY FOR THE CALENDAR
YEAR 1915

INTRODUCTION

The r¢ port presents d herewith covers the hydrometrie work earried on throughout the
province of Manitoba during the Calendar year 1915.  There i

also included in this report,
data that has been collected by officers of the Survey in connection with hydrometrie
studies made at the Outlets of the Lake of the Woods The latter informa*ion relates
particularly to gauge heights, ete., which were observed by different interested parties at
various times prior to the interception of the work of the Manitoba Hydrometrie survey
at this point. The information so obtained is of great value and was compiled, collated
and made available to the Consulting Engineers of the International Joint Commission for
use in connection with the reference relating to the regulation of the Lake of the Woods
I'he gathering of hydrometrie data is of prime importance, not only from a hydraulic
power standpoint, but also in connection with other uses of the surface water supply. The

various uses for which stream flow

lata is H(]HHM| in Manitoba may be enumerated as
follows

1.  Domestic, municipal and manufacturing purposes
2. Irrigation

3. Water power

| Drainage.
5. Sewage disposal.
6. Navigation

i lll'\"l}lli\lllllull‘

['hroughout the Provinces numerous towns and villages are dependent upon the rivers
for their domestic water \llli}‘l_\. the demand will I‘;l]rll”\ increase with the ;m]»lll:lllul\ and
information with regard to the amount of water available will be essential

In the southwestern part of the Provinee where the average annual rainfall varies
between 14 and 17 inches and where agriculture is 4']\“‘!'.\' ||ll|‘~\l|‘t|. irrigation may become
important. Throughout the Province many of the rivers present power possibilities, and
studies have been made of them with a view to determining their probable economie value.
The true value of these potential water powers cannot be determined without a thorough
knowledge of the water available in the streams, particularly under low water conditions
In the northern and southeastern portions of the Province, the reclamation of large traets
of land by drainage may be profitably undertaken. With the rapid filling up of the country,
the necessity of throwing open reclaimed lands for settlement will become more pressing,
and in connection with such reclamation schemes, a complete knowledge of the streams
i\nl'lllillg the natural outlets for such drainage schemes is a |H‘imt- requisite,

The use of the streams of the Province in connection with sewage disposal will soon
command attention, as the rapid growth of the towns and villages will render necessary the
regulation of waste disposal from these municipalities in such a manner as to obviate any
possible danger to the rest of the community. In order that this question may be handled
intelligently, a knowledge of the discharge of the streams is of extreme importance.

Several of the main rivers in the Provinee might be utilized for navigation purposes, in
fact before the coming o the railway the Red River was the only means of communication
with the outside world. Improvement for navigation purposes is being urged in many
quarters and demands the study of this and other streams.

25(
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ORGANIZATION AND SCOPE.

The organization of the survey is the same as in former years, though a number of
changes in the personnel have occurred, due, almost without exception, to enlistment for
active service.

The methods used in collecting the data are based upon those followed by the Water
Resources Division of the United States Geological Survey. The different streams to be
studied are investigated and suitable sites selected for the establishment of metering stations,
the seleetion of the stations de e nding upon the ;v|\\~~|1‘.‘|| features and the need of data in

At these metering stations, gauges are established and some person

any particular locality
observations are

is engaged to read the gauge daily. These daily

living in the locality
which is examined by the engineer on each of

recorded in a book provided for the purpose,
I'he readings as entered in the book are transferred to cards by the gauge reader

his visits
The records are then copied on forms and

and forwarded weekly to the Chief Engineer
filed in the office At the end of each three months the gauge books are renewed, the old
ones are forwarded to the office and the readings, as |'(\|mw| from the cards, are checked
against those entered in the gauge books by the gauge reader. At the end of the season,
discharge curves are constructed for each station from the results of the meterings. Rating
tables are compiled and with these and the records of daily gauge heights as a basis, tables of
Daily, Monthly and Yearly Discharge are computed. These are the results which are
published herein
On the organization of the Manitoba Hydrometric Survey, the work of the Winnipeg
River Power Survey was merged with it, and the former now carries on all hydrometrie
storage, power or river improvement investigations. By this arrangement the work natur-
ally falling within the scope of the survey may be carried on systematically and conser-
ition may be dealt with in a 'HHI|‘|<’|N nsive manner with a view to determining the best
1se of the available water supply
this stream flow data it is believed that the results obtained are sufficiently
ractical purposes, the aim being, not to concentrate on few streams and so
accuracy, but rather to spread the effort over as wide a territory

In gathering
weeurate for all
obtain records of extreme
s possible and so serve as many purposes as possible without unduly sacrificing the accuracy
In this connection it is essential that the records, in order that the vV may |»Iu;n‘l|}\

of results
in stage of the rivers investigated, should extend over a considerable

cover all possible range
'he length of this term will vary with the character and importance of the
mn

term of vears
stream investigated; on some streams the term should be from five to ten years, while
ther cases from ten to twenty vears is desirable.  This variation will depend both upon the

ot
importance of the stream and the correlation of the results with the records of other streams
“the object should be to

in the vieinity To quote from an authority on this subject,
gauge a certain number of streams at all seasons of the year so as to ascertain their total
discharge and its seasonable distribution, also to gauge others at certain stages which have

been determined to be the eritical points in their regimen.” It may be stated here that the

United States Geological Survey considers that, owing to the constantly changing flow of
treans, data of reasonable aceuracy showing the distribution of flow over several

the
of more importance than very accurate measurements covering short

consecutive vears are

periods of time

In making use of the records here presented, caution should be exercised in drawing
conclusions.  Owing to the very limited period of time over which a great many of the
records extend, and the fact that the observations are often unsupported by others made

before the nl'g:mi/,:lllun of the survey, considerable error in the conelusions l'x':u‘ln'nl may very
easily oceur
DISTRICTS
During the past year seventy stations were operated, at some of these continuous
rds were nlrl.‘llllml, while at others only miscellaneous measurements were secured

e
The territory covered by the work is divided, for convenience of description, into several
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main divisions, which conform generally to the several drainage systems met with.  These
may be enumerated as follows

1. Winnipeg River and Tributaries

2. Red River and Tributaries

3. Assiniboine River and Tributaries.

., Saskatchewan River and district west of Lake Winnipegosis

H ILast shore of Lake W Innipeg

6. Hudson Bay Drainage (Nelson River)

WINNIPEG RIVER AND TRIBUTARIES
I'his distriet comprises all the territory lying between the Outlets of the Lake of the
Woods and lake Winnipeg which is tributary to the Winnipeg river
The Outlets of the Lake of the Woods are being given special attention owing to the
effect of run-off at this point H}runllu surface levels of the Lake of the Woods The reference
now before the International Joint Commission relative to the regulation of the lake has

necessitated a very comprehensive study of the run-off conditions. The number of outlets
from the lake and their method of control has necessitated kee ping an engmeer ind assist-
ant on the ground continuously. Data of a meteorological nature is also being gathered
The tributaries of the Winnipeg river are not numerous, and with one exeeption, the
English river, are of little magnitude. The English river joins the Winnipeg in the vieinity
idary between Ontario and Manitoba, and drains all the country
lving to the north and east of the Lake of the Woods distriet. Lying almost entirely in

of the Interprovincial bour

unsurveyed territory, its drainage area is rather indeterminate, but roughly speaking, it
forms somewhat less than one-half of the total tributary drainage area lying above the

junction of the two rivers. A station has been established on this river near the mouth
but owing to the remoteness from settlement, it has been found impossible to secure the
services of a gauge reader. On this account it has not been |m\\\1r|l to determine the daily
discharge directly, only scattered meterings being available, but from a consideration of the
measurements taken on the Winnipeg river above and below this confluence, the discharge
of the English river may be arrived at approximately. The smaller tributaries of the
\\ mnipeg h:l\c' luw‘ll llu‘h'lul :lII'l I'M'uIlL ot H\l‘ 4]|»1 'IIH'L‘_!' l\u*[»l more or |4 S8 ~\~11'l1\:nlr:|||\ '
depending upon their importance. On the main river, stations have been established at
Whitedog falls—north and south channels—and Slave falls, and one on the Pinawa channel
near the Control dam, also others at the forebay and tailrace of the Winnipeg Electric
Railway plant in the latter channel. The latter stations were established with a view to
rating the power plant

This district lies almost entirely within the Laurentian formation, in fact, the Winnipeg
river and the Lake of the Woods may be said to form the southwestern boundary of that
formation. This would account in a great measure for the small number of rivers tributary
to the basin from the southwest

The granites and gneisses of the Laurentian formation underlie the whole region, and
the topographical features are typical; lakes and rivers abounding throughout the district
Rock outcroppings are very frequent and the soil covering is shallow, conditions which would
tend to rapid run-off were they not offset by the numerous lakes and muskegs throughout
the district

I'he forest covering of the district varies, in some parts it is sparse owing to the shallow-
ness of soil; in other parts dense growths of evergreen such as spruce, pine and balsam are to
be found with here and there clumps of birch. Considerable lumbering has been done in
the district so that for the most part the larger stands of lumber have been cut off In
other parts the forest has been overrun with fire so that now much of +!
second growth,

e standing timber is

RED RIVER DISTRICT
That portion of the Red River valley lying below the International Boundary and the
territory drained by the tributaries with the exception of the Assinil , comprises the
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The nature of the area drained by the river within the Province varies

ted river Distriet
t and

between the swampy muskeg country bordering the Laurentian formation to the e

the open prairie to the west

Owing to the nature of the eastern part of the drainage area, land reclamation by drain
age is to be expected and such work will naturally affect the range in stage of the river and
tributaries concerned. This change in regimen caused by the operation of large drainage
schemes in the northern part of Minnesota has to some extent already been noticed. These
conditions render the study of the river advisable especially owing to the possibility of
Drainage already in operation or to b :mlit‘l;m(ml. how

]llYl rnational questions :Mi\m:
The importance of the river

ever, is not the only reason for collecting li\t|lnl||r(l|v data
from a navigation standpoint has been put forward on numerous occasions, in fact a careful
survey with the idea of its improvement for that purpose was carried out through this
Such improvement would not revive an early use of the river as the chief

organization
In order that all phases

artery of communication and transport with the outside world.
of the question may be looked into, metering stations have been established near the Inter-
at Emerson, and at Winnipeg, and gauges were established at several

national Boundary
Stations have been operated on the tributaries, viz., the Roseau,

intermediate points
the Rat, the Morris and the Seine

ASSINIBOINE RIVER DISTRICT.

The Assiniboine river which is the chief tributary of the Red, drains the country to the
west of the Duck and Riding Mountains and north of the International boundary ; some of its
tributaries have their source within the m'n\'iln'w' of Saskatchewan. The southern and
western part of the drainage area may be termed prairie country, having scattered timber
bluffs. The northern section of the area has a greater tree covering, the Riding Mountain
distriet at the source of one of the tributaries being well timbered and lying within a forest
The streams rising in these two areas are characteristic of the country which
One of the chief tributaries, the Souris, has the extreme low winter flow
atchewan, flows

reserve,

they drain
characteristic of the prairie streams. It rises within the province of Sa
southeast, crossing the International boundary into North Dakota, then swings northeast
re-crossing the boundary into Manitoba. The stream flows through what may be termed
the dry belt of Manitoba, the district drained comprising that part of the Provinee which
has the lowest annual rainfall, this varying between 14 and 17 inches. The Little Sas-
katchewan, which is also a tributary of the Assiniboine, rises in the Riding Mountains and

flows in a general southerly direction joining the main river near Brandon.

As the main river and its branches drain the well ]ur]llll:qlul parts of the Provinee, it
is important as a source of domestic water supply or a means of sewage disposal. In
addition to the above, its possible use for irrigation purposes may be anticipated in the south-
western part of the Province, and these demands added to the demand for power purposes

render a careful hydrometric study of the river advisable.  During the past season a number

of new stations have been established on the upper waters of the Little Saskatchewan, in
connection with certain water power studies on that river.  As opportunity offers it is
intended to extend these stations ‘hroughout the basin in order that a thorough knowledge

of the Assiniboine may be obtained.
SASKATCHEWAN RIVER AND DISTRICT WEST OF LAKE WINNIPEGOSIS,

In this district there are a large number of streams of variable size tributary direetly
or indirectly to Lake Winnipegosis. The Saskatchewan river, though belonging to the
distriet, flows through the northern portion and empties into lake Winnipeg.

With a few exceptions all the rivers tributary to lake Winnipegosis have their source in
either the Riding, Duck or Porcupine mountains.  The streams are not of great length and
the flow 1s ~Hl».u-|'l to considerable fluctuation.

Some of these streams are not of immediate interest from a hydrological standpoint,
nevertheless as the district becomes populated their importance will increase; new towns
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springing up will be dependent on them for water supply and in some cases the success of
drainage schemes will depend largely upon the possibility of utilizing the existing streams as
outlets. Vast areas along the Saskatchewan river may be profitably reclaimed by channel
improvements in the main river combined with a system of interior drainage. Certain of
these rivers are capable of development from a power standpoint and the most important
in the district viewed from that angle is perhaps the Saskatchewan river. This river has
for its drainage basin practically all that section of Alberta and about two-thirds of Sas-
katchewan lying south of the forty-fourth parallel of latitude. There are several points at
which this river might be developed for power purposes
EAST SHORE OF LAKE WINNIPEG

In the district covered by the drainage on the east side of lake Winnipeg, the country
is for the most part typical of the Laurentian formation, in consequence practically all of
the rivers entering on that side of the lake are interrupted at numerous points in their course
by falls and l.|;:l‘1~ At various points throughout the country are to be found stands of
tinuber which may be utilized either for the manufacture of lumber or for pulp. With these
facts in view some studies have been .nade of the power possibilities of the rivers, but in
order (]\:ll ?l e conclusions reached may be \l«\llui. the };..\\H-I. Hllrnl‘f of the rivers \]l&tll'«] be
known. The district is for the most part uninhabited, so it has been impossible to secure
gauge readers. Miscellaneous measurements have been taken at various points on the river
as the opportunmty offered, and with the exception ol the station established at Little Grand
l::\[lil{‘”“ 'h" “v'l't'll\ ri\ erw .lf L “lll\ “‘1'(”'"\ :ll"()"‘:li“l"l, 7'“"4‘ are .'l“ ']Il‘ I"‘l‘“!‘l\ av :lll.‘l"]“.

HUDSON BAY DRAINAGI
NELSON RIVER.

The Nelson river forms the sole outlet of ]»I‘:u'Hl'.t”) all the drainage areas included in
the last six districts. It forms the outlet of lake Winnipeg into which all the rivers, the
W mnnipeg, Red, Saskatchewan, Bere ns, Pigeon, Bloodvein and l).:\lirhlh (the outlet of lake
Winnipegosis and lake Manitoba), empty. The fall of the Nelson between the outlet of
lake Winnipeg and Hudson’s Bay is in round numbers, 700 feet. A great portion of this is
to be found in the form of swifts, rapids and falls. ~ With such a vast drainage area tribu-
tary to the river the discharge must be enormous, while with so many lakes forming natural
regulation basins, the minimum flow will probably bear a fairly close relation to the mean
flow. The natural storage basins encountered in this drainage area are of great proportions
and include the following large lakes:—lake Namakan, Rainy lake and the Lake of the Woods
on the Winnipeg; lac Seul on the English, lake Manitoba, lake Dauphin, lake Winnipegosis
and lake Winnipeg; there are many others of less extent; for in the Winnipeg river basin alone
there are, in addition to those named, 106 lakes varying in area from 3 to 140 square miles

The Nelson with its numerous falls and rapids and excellent natural regulation has great
power ]m»~|||||i!11~, which are Hn'h:nm:l_\' iln]ml‘l:ml as the Hudson’s Bay I’:nll\\.‘l_\' nears
completion and easier and cheaper transportation becomes available. The early develop-
ment of some of these powers 1s lw) no means 1|n[w1‘u|».x!rl¢ I'he ix)'l]!vvlrxi-!!ll' work under-
taken in 1914 has been continued and an engineer was kept in the distriet during the winter
and summer of 1915. In addition to this work, a number of measurements were secured at
various points on the Grass and Burntwood rivers during 1915, stations and bench marks
being established so that the work may be continued at a future date.

DEFINITIONS AND TERMS.

The volume of water flowing in a stream (called the “run-off” or ““discharge”) is expressed
in various terms, each of which has become associated with a certain class of work. These
terms may be divided into two groups,

(1) Those which represent a rate of flow as “second-feet,” “‘miner’s inches’ and “run-off
in second-feet per square mile.’

(2) Those which represent the actual quantity of water, as “run-off in depth in inches”

and “acre-feet.”
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The units used in this report are “second-feet,” “second-feet per square mile,” “run-off
in inches™ and “acre-feet” or “mile-feet.”  The first two belong to the first group and the
last three to the second. They may be defined as follows,

a) “Second-feet”” is an abbreviation for cubie feet per second (e.f.s.) and is the rate of
discharge of water flowing in a stream 1 foot wide, 1 foot deep, at a rate of 1 foot per second,
It is generally used as a fundamental unit from which others are computed by the use of
factors given in the following table of equivalents

h) “Second-feet per square mile” is the average number of cubie feet of water flowing
per second from each square mile of area drained, on the assumption that the run-off is

distributed uniformly both as regards time and area

(¢) “Run-off in inches™ is the depth to which the drainage area would be covered if
all the water flowing from it in a given period were conserved and uniformly distributed over
the surface It is used for comparing run-off with rainfall, which is usually expressed in
depth in inches

d Acre-foot™ is equivalent to 43,560 cubie feet, which quantity is the number of
square feet inone aer [t is the quantity of water required to cover an acre to the depth of
one foot, and is the common unit of measurement of quantity It is generally used in
connection with storag

e) “Mile-foot" 1s ul\ll\.!|wlﬁ to 27,878,400 cubice feet, which quantity is the number of
square feet in one square mile. It is the quantity of water required to cover one squar

mile to a depth of one foot and is equal to 640 acre-feet While not a common unit of
measurement ol quantity, it 18 sometimes made use of in connection with large storage
projects to express the quantity of water stored

CONVENIENT EQUIVALENTS

1 second-foot equals 3571 British Columbia miner’s inches, or one British Columbia
winer’s inch equals 1'68 cubic feet per minute

1 second-foot equals 6'23 British Imperial gallons per second; equals 538272 gallons
for one day
1 second-foot equals 7'48 United States gallons per second; equals 646,272 gallons for
one day
I second-foot for one year covers 1 square mile 1'31 feet or 13,572 inches deep
1 second-foot for one year equals 31,536,000 cubie feet; equals 724 acre-feet
| second-foot equals about 1 acre-inch per hour
second-foot for one 28-day month covers 1 square mile 1'041 inches deep
second-foot for one 29-day month covers 1 square mile 1'079 inches deep
second-foot for one 30-day month covers 1 square mile 1'116 inches deep
second-foot for one 31-day month covers 1 square mile 1°153 inches deep

1

1

1

1

| second-foot for one day equals 1'983 acre-feet.

1 second-foot for one 28-day month equals 55°54 acre-feet

1 second-foot for one 29-day month equals 57°52 acre-feet

1 second-foot for one 30-day month equals 59°50 acre-feet

1 second-foot for one 31-day month equals 61°49 acre-feet

100 British Imperial gallons per minute equals 0°268,second-feet
100 United States gallons per minute equals 0°223 second-feet
1,000,000 British Imperial gallons per day equals 1'S6 second-feet
1.000.000 United States gallons per day "qme 1'55 second-feet
1.000.000 United States gallons equals 3°07 acre-feet
1,000,000 British Imperial gallons equals 3°68 acre-feet
1,000,000 cubic feet equals 2295 acre-feet

I acre-foot equals 43,560 cubice feet.
|
]
1

72 British Imperial gallons
A80 United States gallons

acre-foot equals 271,

acre-foot equals 3

inch deep on 1 square mile equals 2,323,200 cubic feet

SES
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in the rock A number of these have been placed and wherever possible are referred to
. some known datum
METERING ACCESSORIES
A number of the stations operated are on large streams where depths up to seventy-five

feet are encountered. Piano wire has been used for suspending the meter, a small insulated

|
1 wire I.nl'lnm: the second side of the eireuit Lately a S cial steel eable of small diameter
[ with an insulated copper core has been 4'\|>I>I'|mrlw‘ul with and has given good results, the
1 advantage over piano wire being less liability to break through kinking and the elimination
‘ of the second wire,  Where either method of suspension is adopted, a reel is necessary, so

| that all the stations where considerable depths are encountered are equipped with reels, a
| special equipment being used for metering at boat stations.
| Mr. W. J. IYI'I.‘IIHI. Assistant Engineer, 11!1!!:;: the vear de SIET¢ d a counting deviee for
use with the reels and a number of them are now in use. The counting part of the device
is similar to that used in gas meters It is connected to the ~}x|xn||r of the reel by a train
of gears, the counter and gears being enclosed in a metal case. Through the connection,
each revolution or part ol a revolution of the reel or drum is recorded on the dial of the
encounter. By turning in one direction the revolutions are added and by reversing the
direction they are subtracted The counter may readily be thrown out of gear and the
dial reading brought to zero. By using a reel exactly one foot in eircumference and setting
the dial to read zero when the meter is at the surface of the water any Invv\llil‘lx with reference
to the surface of the water is automatically registered on the dial. The counting device may
be detached from the reel by loosening three thumb serews: they are interchangeable so that
one may be carried Ir_\ each field engineer and used with any reel
The Nelson and the Saskatchewan are two of the largest rivers metered; on each of these
there are Boat Stations. The velocities being high, it has been found that a canoe does not
‘ afford a steady enough working platform. The method now employed is to secure two
canoes lm_rq»lhrl ]i:b[':l“tl to one ;|Im1]|x'l' lr_\ means Uf llll‘m- piq ces ol U‘ll\ l;lill aAcross l]|<~ gun-
whales and bolted to the thwarts at each end, thus forming a kind of catamaran; a bridle is
then fastened to the bows of the canoes and a line led from the centre of this bridle to the
tag line stretched across the river. The meter may be \l],\]n'lltlul between the canoes or
[ over either side by means of the metering board used on boat sections. The board deseribed
in the Annual Report for 1913-14, Plate 9, has been modified to permit of its use with the
counting device. This modified form of the metering board is fully illustrated below.

Metering Board for Boat Station

1. Drum

2. Suspension cable

3. Handle of drum.

1. Automatic depth register
5. Battery.

6. Telephone sounder

7. Connection plug
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In making soundings at stations where considerable depths are encountered, consider-
able difficulty is always experienced in determining within close limits when the bottom is
reached by the sounding weights. An attachment has been devised by Mr. Ireland for use
with the meter bar in sounding, the meter being removed in such case; by means of the device
an electrical contact is made when the weight reaches the bottom, the contact being
announced in the ear ]liv-('v the same as when metering.  See illustration of metering board
on page 11.  Good results have been obtained with this, especially when used in sounding
the larger streams, and also at the “Cable carrier” stations where the sag in the cable span
formerly influenced the results

A device which has been found very useful and for which we are indebted to the
Engineers of the Water Resources Division, United States Geological Survey, for kindly
sending ‘.‘IIH“I‘ s and 1r|'u‘l|lu the same at our tl\\[mxﬂ, is used in making connection
between the meter bar and the suspension cable. It has been used throughout the work of
the last vear and has, after a few minor changes, given u»myr|l'h satisfaction

INSTALLATION OF EQUIPMENT

AUTOMATIC GAUGES

During the vear a number of automatic gauges have been used. They are of two types
the Gurley Printing, of which four have been installed and preparation made for the fifth,
and the Gurley Seven Day Stage Register, of which two were used. The four of the first

type have been installed at permanent stations and considerable care has been exercised in

erection to ensure as far as possible their operation during the Winter season with minimum

attention Nee |»l.|h- No. 2 The permanent st llations are at the following points
The first one was installed in February, 1915, on the publie dock at Kenora; the gauge
registers the Lake of the Woods levels at that point. The gauge readings are referred to

Canadian Geodetie Levels Datum, the Canadian Geodetie Beneh Mark on the Kenora Post
Office being used for the purpose

The second was installed in the control dam at the head of the Pinawa Channel It
records the water levels above the control dam, the gauge readings being referred to W.P.S
datum I'his gauge was placed in operation in May, 1915

The third installation is at Slave Falls and will be used for rating the discharge at that
point, being |-|‘H‘Hl on the left side of the river about two hundred feet above the metering
station. The gauge is referred to W.P.S. datum, a permanent bench mark being placed
near the Zauge The gauge began operation i June, 1915

The fourth automatic gauge was installed at the head of Whitedog falls on the Winnipeg
river; by means of this installation it will be possible to rate both the North and South
Channels at that point.  The datum of the gauge is W.P.S. datum, being tied in to a
permanent bench mark placed near the gauge. This gauge was put in operation in
August, 1915

The material for the fifth installation has been purchased and is now at the site. This
will be at the Hudson's Bay Post at Lac Seul.  As this lake forms one of the largest natural
storage basins on the \\VIIIIII]N‘Q river drainage system, it is considered advisable to install a
gauge at the point named.

The two seven day gauges were used in connection with the hydrometrie studies of the
Nelson river near Manitou rapids. They were only temporarily installed and were removed
at the end of the season’s work The zero of cach gauge was, lm\\n-\n-l', referred to two per-
manent bench marks which were tied together by a line of levels, also to the Hudson’s Bay
Railway datum

CABLE STATIONS,
During the year two new cable stations were built, one at the head of the Pinawa

Channel and the other at the South Channel, Whitedog falls. The station at Slave falls
was also overhauled and certain repairs and renewals made
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New cable carrier stations were placed at the North Channel of Whitedog falls on the
Winnipeg river and at Stuartburn and Dominion City on the Roseau river. (See plate

No. 3 below)
PLATE No 3 |

(DI \Y -4 K H , Sl
b
S
i 5 |
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M.

DOMINION WATER POWER BRANCH

I
MANITOBA HYDROMETRIC SURVEY

4 _; e
DETAILS OF
CABLE CARRIER STATION

I'he apparatus at the Bridge Station on the Saskatchewan river at Pas was also over-

hauled and repaired.
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PART 11
HYDROMETRIC DATA.

LAKE OF THE WOODS OUTLETS

I'he outflow from the Lake of the Woods into the Winnipeg river below the lake is
through several natural and artificial channels. The flow through all these outlets is con-
trolled by the operation of hydraulic plants or the manipulation of dams. The outlets from
the lake in order from the east are—Eastern Outlet, completely controlled by the Municipal
Power Plant of Kenora; the Western Outlet, upon which has been built the Norman Dam;
the head race of Mill “C.,” Lake of the Woods Milling Co., an artificial outlet; the head
race of Mill “A” belonging to the same Company, and also an artificial channel, and last,
the artificial head race of the Keewatin Lumber and Manufacturing Co.’s plant which was
formed by an old high water channel that discharged into Mink Bay which in turn drains
into Darlington Bay,, an arm of the Winnipeg river

Below the outlets the Winnipeg river is split up into a number of branches, the tail races
of Mills “A” and “C,” the outlet of Darlington Bay and the Western Outlet forming the
West Branch, and river below the Eastern Outlet forming the East Branch. These unite
helow Old Fort Island to form the main river

The manipulation and operation of the dams and plants at the various outlets renders
it difficult to ascertain the discharge from the Lake of the Woods. In order that correct
estimates may be made it has been necessary to establish and operate a number of metering
stations and maintain gauges at various points in the district. The location of the metering
stations are as follows

1. Eastern Outlet, above the Kenora Power House

2. Western Outlet, Norman Traffic Bridge

3. Head Race Mill “C.”

{. Head Race Mill “A."

5. Head Race, Keewatin Lumber & Manufacturing Co

6. C.P.R. Culvert, Outlet of Mink Bay

7. North Tunnel Island Station

In addition to the records obtained at these regular stations, observations of the
discharge at different controlling sections below the outlets have been made from time
to time

EAST BRANCH WINNIPEG RIVER, KENORA POWER HOUSE
HISTORY

The discharge of the East Branch, or Eastern Outlet, Lake of the Woods, depends upon
the operation of the Kenora Municipal Power Plant. To determine the discharge under
these circumstances it was necessary to rate the Power Plant. At first an attempt was made
to determine the discharge directly, and to this end a station was established by Mr. 8. 8.
Scovil, June 27, 1912, about one-half mile below the Power House near Old Fort Island;
this proved unsatisfactory so a station was established by A. Pirie, October 8, 1913, about
one hundred and fifty feet above the Power House in the Eastern Outlet. This section was
used to rate the power station

LOCATION OF SECTION,

The metering station is about one hundred and fifty feet above the Kenora Power House
on the Eastern Outlet of the Lake of the Woods. The I.P. is loeated on the bank and is
marked by an iron bolt set in the rock.

25f—3
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RECORDS AVAILABLE

Daily gauge height readings are available for the head-and tail race of the plant from
August 21, 1907, and daily estimates of discharge based upon the load upon the plant are
available for a like period

DRAINAGE AREA

As in the case of the other outlets of the Lake of the Woods, the drainage area above
for the individual outlets is not significant
GAUGHE
I'he tail-race and head-race gauges were established at the Power Plant in 1907, and are

the ones used in the records until 1912, when on June 24 and 27, head-and tail race

gauges were respectively established by Mr. Scovil, the former being on the upstream side
of the timber ‘l|‘xllﬂll|1 in the head race and the latter two hundred feet below the powel

house Both were referred to W.P.S. datum

(HANNEL,

The channel is permanent, being in solid rock and boulders, is fairly uniform and fre¢

from cross eddies. It is straight for fifty feet above the section and one hundred feet below

and fairly uniform
escaping in the log chute

All the water passes through the power house exeept for a small part

DISCHARGE MEASUREMENTS

the station under the range in loads and

Sufficient measurements were made to rate
construeted for various heads \

hl‘Il(L\ oceurring, :|I|!| a rating curve ol Iu:lt[—(|l\l‘||:rl2l'\

boat station is used for the measurements
ACCURACY

Except for conditions due to small loads the rating may be considered good

DISCHARGE MEASUREMENTS OF FastT BRaNxcH WINNIPEG

1915
Meter Area of Mean Crauge
Date Engineer No Width Saction Velooits eight : Discharge
Feet Sq. ft F't. per sec Feet See. ft
Mar. 10 N, CLO'Grady 79 1,204 1-01 1,059 37
10 79 1,204 099 1,059
10 70 k-3 096 1,050
10 79 1,204 099 | 1,069 37
July 14 O, C, Galloway 79 1,360 056 |1 3
14 ” 7 1,360 0-61 I
Aug. I8 79 1,308 057 |1
18 79 1,308 050 | 55 |
Oct. 15 79 1,244 1-16 99 |
15 o 1,244 1-08 09 |

UveRr AT KENora Power Housg,
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MonTHLY DiscHARGE oF East BRANCH WINNIPEG River AT KENorA Power House ror

1915.
DISCHARGE IN SECOND-FEE1 RUN-O¥¥
MONTH Per t Depth in
Maximum.| Minimum Mean Square inches on | Total in acre
mile Drainage feet
Area
January 1,259 738 1,039 63,900
February 1,187 683 1,017 9,800
March 1,115 659 841 51,700
April 1,152 633 939 55,900
May 1,164 645 886 54,500
June 160 0H7 824 9,000
July 1,011 720 866 3,200
August 1,008 636 751 16,200
September 1,145 621 859 51,100
October 1,462 6H61 1,317 51,000
Novembe: 1,557 804 1,360 80,900
December 1,578 743 1,329 81,700
I'he Year 1,678 621 1,002 728,900

WESTERN OUTLET AT NORMAN TRAFFIC BRIDGF
HISTORY.

Station was established on June 5, 1912 by 8.8, Scovil

LOCATION OF SECTION

The section is located on the downstream side of the Norman Traffic Bridge which
spans the western outlet of the Lake of the Woods about two miles west of Kenora on the
highway leading from Kenora to Keewatin. The Initial Point is marked on the wooden
hand rail at the west end of the bridge, the meterings being taken from the deck

RECORDS AVAILABLE.

Estimates of daily discharge are available for this station from May 1, 1913, and are
based upon gauge readings taken at the D.P.W. Forebay gauge, Norman Dam, from May
1 to August 25, 1913, and from August 26, 1913 on, the gauge heights are those
recorded by the Manitoba Hydrometric Survey gauge above the Norman Dam.

DRAINAGE AREA

The drainage area above this section is 26,400 square miles, but owing to the fact that
there are several other outlets of the Lake of the Woods this drainage area should not be

used in computing run-off.
GAUGE.

When the station was first established a reference point was marked on the northeast
corner of the west pier of the bridge to which water levels at the time of metering were

referred. This was later replaced by a vertical staff gauge which was referred to W.P.S

datum.
Owing to the fact that the discharge past this section depends entirely upon the operation

of the Norman Dam, the discharge measurements have been referred to the gauge height
at that point, and daily discharges are also referred to the same gauge. Two gauges were
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established above the Norman Dam, the first being that of the Ontario D.P.W. gauge which
was used until the 25 of August, 1913. On the 26 of August, 1913, a vertical staff gauge was
established by the Manitoba Hydrometric Survey which was referred to the W.P.S. datum

CHANNEL.

There is but one channel for all stages of the river, the average depth over the seetion
being approximately forty feet under normal conditions. The bed of the river is loose
rock and boulders but is not subject to appreciable change. The velocity of the section is
fairly high and some eddies are formed due to the section being located at the apex of a
curve

DISCHARGE MEASUREMENTS,

287 discharge measurements have been made at this station, but owing to the fact that
the water at this point is practically at lake level, the range in stage has not heen great,
amounting to 2.2 feet.

ACCURACY
The Norman dam which is located about four thousand feet below the station forms

the control and the discharge is therefore dependent upon the manipulation of that dam;
considerable range in discharge mav occur for the same gauge height recorded at the section
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IAN Di1sCHARGE MEASUREMENTS OF WESTERN OurLer, LAKE OF
Travric Bripge, 1915
Date Engineer “{::' Width \\.|.‘v||.:;:
am IV‘I \‘I ft
sSept. 17 (!, C. Galloway 5,031
22 5,031
22 1,031
2 . 002
Ot | ), 023
1 5,023
i 1,088
i 1,938
N 1,959
N 1,971
13 3,007
13 2,00
uy IS 5,019
6-7.) I8 5,019
") 1,082
1,082
5,085
= ), U85
ng No ] 1,004
17 3 1.004
10 5,044
10 9,
13 1,
13 i,
15 4,0
15 i,
22 |
g logs 29 1.4
22 26 1,
L1] |
) 1 1,
1 |
0 1
0 1,
i\ ]
e 29 10 ',
0 15 I,
15 3¢
2] X
24 X
24 1,
28 1,
4] 1,995

MANITOBA

Continued.
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10,314 20
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7.04 ) ) 63t 9 O
‘ W1 t ) )
it ) 7.63¢ O O
N ) 7.63t ]
6N ) 7.0 50
N 0 1 64 w0
7.08 0 7.60 80
7.6 ) N N0
( ) 3 s 0
ON )1 ] )
7.70% 0 00 | 7,52 w0
708 300
708 50 -0
7.607 woOo
Aug Seple
21 07 ) [} LN §
(S 1 B
Y- TH W45 |
35 70 8 50
55 - 68 W 50
) | ]
3 3100 | 58 48
S 3,124 | 58 4t
W O8 | 23,100 | 58 48
620 21.50 N 50
W 21,2314 | 38 52
ol 21,108 | 58 55
ql 21,40 w5
G 24,600 woAh
600 | 21,704 | 58 3
" w20
W w25
f w28 |
1l s 31
d W83
7 13,011 (LN H
N 13,114 w40
"™ 13,078 w10
"™ 13,018 N 12
WOON | 12,82 w1

»™on 11,145
L RN 11,084
w50 | 10,912
w42 110,934
w34 | 10,823 LY
w25 110,855

iauge heights are those read on the
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GE FOR 1915,

I April Ma
Dis Cinug i Gauge
har Heigl \r Height
S¢ Feet Feet
7 W00 N .
7,579 8- 3 N2
7,551 Rt 100 w27
7 T ' 3830
7 90 W 5 30
7.52 9 10 664 840
7,02 CUNL ) 4TN w4
1) N 2 12,371 ™50
7,018 ) 12,842 w50
7.4 N 1] S A
A2 » NO ) i
12 N 1 | ™45
12 s ) S|
™ NAS
i1 w20 13,3 N
'R | ™ §,440 » 1
74 w20 133, 3¢ S - 37
| X2 13,508 7 M
7410 5 2 124 h 2
140 N 2 1IN SRl
7.4 N 6 M
7,44 N 7 (U]
144 N3 3,808 7
149 S 7
" 5 110
4 N 13,47 ™
1Y i 13,57 37 6l
440 » 13,49 w7 H0
7.52 2 13,631 7 Bl
7,000 N 2 13,468 57 50
7,565¢ 7 B
’ O " '
10,54 w7 N,062 3N 6N
10,78 W8T 7 w62
10,526 W 7.060 W50
10,792 59 00 7,382 =63
11,0568 w o 7,000 L
10,500 1] 7.374 N 74
10,544 w00 a4t w7
10,462 8 7,61 877
10,42t 58 T4 7.474 38 78
10,38 N 316 N TN
10,356 | N 60 7,280 w7
10,456 | 5% 65 7,382 =G
10,108 | 58 62 7,414 N 60
10,1649 W65 7,405 W ON
10,306 | 7.37 W57
| 18t 8 58
55 60 33 S 5N
Ly 0l W5t
w52 7,411 N0
w4 7,302 N
9,087 o8 4 7.171 %Ot
10,177 (LR ) 7,037 SR
10, 08¢ w55 H.,920 NS |
10,031 N 7,00 N D
0,04 s 71 7,002 W 5D
6,671 |
0,767 wm Do
4,800 WO
1,808 LR
6,932 - H6
7,090

D.P.W. gauge

it the Forebay

Norman Dam

Dainy Gavae Heigar anp DiscHARGE oF WESTERN OurLeT, LAKE OF

[

3,020
3,00

003
830

70:
731
B18
)
743
800
RO

(0
694

rHE Woobs

June
G Dis
Height charge
Feet Sec, ft

7 50 17,492
YRR 17 448
7 50 17,345
17 4N 17,184
1 17,178
11 17,023
10 17,025
7 4 16,768
740 17,045
| 17,324
7 50 17,323
37 5 17,402
70 17,670
7.60 | 17673
YLl 17,620
U 17,6008
7 80
|
790 |
V760
37 -
it 18,370
7 18,528
7 6 18,600
7 18,632
7 18,312
() 1X,181
7 M) 18,392
7 18,260
56 - 85 20.651
Decembe
3% 5t 6,762
- 5l 6,82
(LR 6,830
W5t 6,805
7.645
6,635
6,716
O '
w54 6,870
w5 06,8556
™ 57 7,005
58 5% 6,973
58 58 7,003
58 - Bt 7,016
W hl
N 6ud
8
8 6id
o8 62
58 61 7,007
w6l 6,970
58 61 6,978
LR 6,953
3855 7.458
58 65 7,204
58 66 6,824
5% 61 6,900
58 61 6,942
55 6 | 6,072
5% it 7.057
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SURVEY
SESSIONAL PAPER No. 25f

MonTHLY DisCHARGE oF WESTERN Ovrrer, LAKE o THE Woops AT NORMAN
I'varric Bringe ror 1915

Drainage area 26,400 square miles

DISCHARGE IN SECOND-IEET Run OF

MONTH Per Depth in
Maximum.| Minimur Men quari incheg on | Total in acre
mile Drainage feet
Area

January 7,770 7,622 168,700

February 7,698 | 7,650 424,900

March 7,079 7,470 159,300

April 14,101 12,115 720,900
May 21,702 16,200
June 20.051 16,768 17.850
July 24,254 21,978 23,138
August 23,690 10,523 18,317
September 11,058 3 10,244

October 8,022 6,676 7,200 148,200

November 7,204 6,618 6,882 109,500

December 7,645 6,635 6,945 127.000

I'he Year 24,204 6,615 11,511 8,575,800

NoTe.—Discharge per squar ile and n-off depth in inches omitted I'he outlet i ne of

everal from the Lake of the Woods.

MILL “A” HEADRACLE, KEEWATIN

HISTORY

I'he station in the Headrace Mill “A"
23rd, 1912. This channel has formed one of the outlets of the Lake of the Woods since the
Mill was built in 1887. A gauge in the Tailrace was operated from May, 1896, until June
1912, when it was discontinued

was established by Mr. 8. 8. Scovil, December

LOCATION OF SECTION,

I'he seetion as first located in the Headrace of Mill “A”
of the foot bridge across the channel. Later it was changed to a position just above the
intake racks of the power house in the headrace Mill “A” Lake of the Woods Milling Co
Keewatin, Ont

was on the downstream side

RECORDS AVAILABLE

Intermittent gauge readings in the tailrace from 1896-1912 and from 1913 daily dis
charge records based upon meterings, head-and tail-gauge readings and loads on the Mill
wre available

DRAINAGE AREA.

Total drainage area above the Lake of the Woods outlets is 26,400 square miles

GAUGH
A staff gauge has been placed on the metering section close to the right side of the
channel. This gauge is referred to a W.P.8. B.M. located about 20 feet west of the gauge
CHANNEI

The entrance to the racks is uniform and the section is well situated to avoid eddies of
entrance, the stream line being generally perpendicular to the section
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DISCHARGE MEASUREMENTS.

A number of meterings have been made to determine the discharge for different gate
openings and head so that the daily discharge may be arrived at. They are made from the
rack structure.

ACCURACY.
The records are reliable owing to the conditions controlling the discharge, i.c., gate

opening, head, ete., being easily observed.

DisCHARGE MEASUREMENTS OF MiLL “A” FLume No. 1 A1 HEADRACE, LAKE OF THE
Woops MiLuing Co., 1915

Date Engineer \K:; Widtl \\'.[‘.(‘:”\I,: \;\lll'_"‘]y,‘ I{[:‘,":t" Discharge

Feet Sq. ft Ft. per sec Feet See. ft

Jan. 12 ¢, C. Galloway 15 1-41 59+ 20 208
17 <. C,O'Grady 15 028 W53 53

17 15 0-32 5953 60

17 15 0-34 3953 63

17 15 0-34 5953 64

Mar ) 15 (- 82 920 151
7 15 0-29 SUEEE! )

7 15 029 9+ 44 i

15 ', O, Gallowa 15 105 -39 196

15 15 1-12 W39 208

June 9 15 1-47 W45 275
9 15 1:49 W45 280

July 26 15 108 6O+ 19 215
26 15 1-10 6019 21N

Aug. 9 15 1-54 5976 204
49 15 1:6 )76 12

Sept. 24 15 1-54 w61 (Y]
24 1o 1:51 86l 264

Oet, 29 15 1-45 N 53 )1
29 15 1:58 N 53 274

Nov. 24 15 1:74 - 50 01
24 15 1:70 890 94

1) I 15 1:71 w03 06
IN 2,019 15 1:70 w53 205

DisCHARGE MEASUREMENTS OF MiLL “A” FLuome No.2 A1 HEaprace, LAKE o THE WooDbs
Miung Co., 1915.

r
Mete Area of Mean Ciaug
Date Engineer \uX Width Section \:llum:\ llwlluiLn Discharge
Feet Nq. it Ft. per sec Feet ~See, ft
Apr. 26 . (. Galloway 1,718 ™ 1-17 713
26 1.718 N 1:22 745
June 9 1.718 1] 1-02 6Hl6
9 1,718 N 1-04 G28
Sept., 20 1,374 IN 1-20 666
20 1,374 38 1-19 651
Oct. 29 1,435 1) 117 665
209 1,435 N 1-17 665
Nov. 1 1,435 N 73 1:12
| 1,435 iN 73 1-15
Dec. 1 1
1 |
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MILL “C" HEADRACE, KEEWATIN.
HISTORY.
The station was established on July17, 1912, by Mr. 8. 8. Scovil, when the first metering
was taken by this Survey.
LOCATION OF SECTION
The section is located about five feet upstream from the racks in the head race of Mill
“C,” Lake of the Woods Milling Co., leading from Portage Bay, an arm of Lake of the\Woods
at Keewatin, Ont. The initial point is marked on the east bank of the channel above the racks
RECORDS AVAILABLE.
The records of discharge are based upon meterings and gauge heights in the head and
tail race and also depend upon the load on the Mill. The daily discharges through the Mill
wre available for 1912-13-14-15.
DRAINAGE AREA
This channel forms one of the outlets of the Lake of the Woods, and in consequence the
drainage area above has no particular significance. It is however 26,400 square miles
GAUGE
The gauge is a vertical staff gauge placed on the east side of the channel about ten feet
upstream from the racks. The zero of the gauge is referred to W.P.S. datum, the reference
B.M. being a point on the top of the flume
CHANNEL.
The channel is rectangular, cut in solid rock and has a normal depth of twelve feet. It
is straight for about fifteen feet above the section.
DISCHARGE MEASUREMENTS
The meterings are made from a small bridge spanning the channel and have been
taken periodically from July 17, 1912, the range in stage covered being about 214 feet
ACCURACY
The station gives good records but the daily discharge depends upon the gate openings

on the turbines so that after rating the station to these, the records are reliable

DiscHARGE MEASUREMENTS OF Minn “C"” A1 HeAprack, LAKE oF THE Woobps MiLLiNG
Co., 1915

Date Engineer “C:' Width \\'l",‘:,:"“ \,\\!:‘ :;'\ |l|',f’1.,l[_ Discharge
Feet Nq. ft I't. per se Feet see. t
Feb. 17 C. C. Galloway 1,718 12 1-28 W43
17 - 1,718 12 1-28 W43
21 1,718 12 1-43 - 40
27 1,718 12 1-37 W40
Mar. 16 | 1L,718 12 1:21 33N
June 23 1,718 12 1-38 w06
23 1,718 12 1-54 |
24 | 1,718 12 138 60+ 02
24 | L718 12 1-40 6002
July 20 1,374 12 119 6025
20 1 12 120 6Ho-25
\ug. 13 1 12 1-30 967
13 1 12 1:29 W67
Sept. 14 4 12 125 5803
14 374 12 1-23 5803
Oct. 20 " 1,496 12 1-71 O8R4
20 1,496 12 1-64 N R4
Nov. 11 1,435 12 1-74 5579
11 1,435 12 1-74 O8- 84
Dec. 13 . 2,019 42 1-86 881
13 ) 2,019 12 1. LE
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KEEWATIN LUMBER & MANUFACTURING CO'S HEADRACE, KEEWATIN, ON1
HISTORY.

I'his channel forms one of the outlets of the Lake of the Woods. It was created and
used in connection with the above Company’s mill, the discharge being controlled by the
headgates. After the mill was burned in 1903 these fell into disrepair and leakage occurred ;
to ascertain this a station was established on December 13, 1913, by S. C. O’Grady and has
since bheen upl’l'nh-tl.

LOCATION OF SECTION

I'he metering section is on the upstream side of the bridge crossing the channel 300
feet above the power house and east of the headgates at the K.L. & M. Co.’s. headrace
I'he [P, is a noteh cut in the plank floor at the north end of the bridge and marked
0+00.

RECORDS AVAILABL}

I'he daily discharge records are available at this point since the establishment of the

station in December, 1913
GAUGH

['here is no gauge at this point, but the meterings are referred to the lake gauge at the

Keewatin bridge where daily records are available

CHANNEI
I'he channel is fairly permanent, composed of clay and rock. [t is straight for 150 feet
ibove and 100 feet below the seetion. The eurrent is not swift and depends upon the leakage
it the gates
DISCHARGE MEASUREMENTS

Discharge measurements are taken frequently to check the leakage through the head
gates, and as this control is fairly permanent the discharge depends largely upon the lake
stage. No curve has been plotted for the station but the daily estimated discharge is based

ipon the meterings. The measurements are made from the bridge

ACCURACY
I’he accuracy may be considered anl

D1sCHARGE MEASUREMENTS OF HeEADRACE, OLp K.L. & M. Co. AT 280 Bringe, 1917

e, Emneer. MO widn S ot | M G | Discharge]  Remark
Feet Sq. ft I't. per Feet Ree. | Lake Gaug
Ju 4. OO, Galloy 171N 30 193 (-85 620 171 0974
i 1,718 30 193 ()82 620 1558 99-74
April 14 1,718 30 INT 0-902 642 172 9961
14 1,718 30 IN7 0-9 642 173 0961
May 18, M. 5. Madde 1,469 32 186 0-91 -85 164 9995
lune 18.| C. C. Gallowa 1,715 9 163 00 710 179 9998
18 1,718 29 