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SURFACE WATER SUPPLY OF HUDSON BAY AND
UPPER MISSISSIPPI RIVER BASINS, 1917.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting records of
measurements of flow made on streams in the United States during
the year ending September 30, 1917.

The data presented in these reports were collected by the United
States Geological Survey under the following authority contained in
the organic law (20 Stat. L., p. 394):

Provided, That this officer [the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. . Since the fiscal year ending
June 30, 1895, successive sundry civil bills passed by Congress have
carried the following item and appropriations:

For gaging the streams and determining the water supply of the United States, and
for the investigation of underground currents and artesian wells, and for the prepa- -
ration of reports upon the best methods of utilizing the water resources.

Annual appropriations for the fiscal years ending June 30, 1895-1918.

1895 - - o oo el $12, 500
1896 -+ e e e 20, 000
1897 to 1900, inclusive............ e 50, 000
1901 t0 1902, inclusive oo e eee i 100, 000
1903 t0 1906, inclusive. ..o cvi i 200, 000
T 150, 000
1908 £0 1910, FNCIUSIVE - -« « -« o e eeeneee e e eeaneaanes 100, 000
1911 10 1918, inclusive.. ... oo ool e earenena- 150, 000

In the execution of the work many private and State organizations
have cooperated either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made
in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on page 11.

Measurements of stream flow have been made at about 4,250 points
in the United States and also at many pomts in Alaska and the Ha-
wailan Islands. In July, 1917, 1,180 gaging stations were being
maintained by the Survey and the cooperating organizations., Many
miscellaneous discharge measurements are made at other points. In
connection with this work data were also collected in regard to pre-

7
~



8 SURFACE WATER SUPPLY, 1917, PART V.

cipitation, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
water-supply papers from time to time. Information in regard to
publications relating to water resources is presented in the appendix
to this report.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
charge”’—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 that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in depth in inches, acre-feet, and millions of cubic
feet. The principal terms used in this series of reports are second-
feet, second-feet per square mile, run-off in inches, acre-feet, and
milligns of cubic feet. They may be defined as follows:

“Second-feet”” is an abbreviation for “cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed

“Second-feet per square mile” is the average number of cubic 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 (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing
run-off with rainfall, which is usually expressed in depth in inches.

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage. for irrigation.

“Millions of cubic feet” is applied to quantities of water stored in
reservoirs, most frequently in connection with studies of flood control.

The following terms not in common use are here defined:

“Stage-discharge relation,” an abbreviation for the term ‘relation
of gage height to discharge.”

“Control;”” a term used to designate the section or sections of the
stream channel below the gage which determine the stage-discharge
relation at the gage. It should be noted that the control may not be
the same section or sections at all stages.

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—to which the surface of the river falls when
the discharge is reduced to zero.
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EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1916, and ending September 30, 1917. At the beginning of January
in most parts of the United States much of the precipitation in the
preceding three months is stored as ground water in the form of snow
or ice, or in ponds, lakes, and swamps, and this stored water passes
off in the streams during the spring break-up. At the end of Septem-
ber, on the other hand, the only stored water available for run-off
is possibly a small quantity in the ground; therefore the run-off for
the year beginning October 1 is practically all derived from precipi-
tation within that year.

The base data collected at gaging stations consist of records of
stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in deter-
mining the daily flow. The records of stage are obtained either
from direct readings on a staff gage or from a water-stage recorder
that gives a continuous record of the fluctuations. Measurements
of discharge are made with a current meter. (See Pls. I, II.) The
general methods are outlined in standard textbooks on the measure-
ment of river discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when
applied to the gage heights, give the discharge from which the daily,
monthly, and yearly means of discharge are determined.

The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving records
of discharge measurements, a table showing the daily discharge of the
stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage height and records of discharge measurements
are published. ”

The description of the station gives, in addition to statements
regarding location and equipment, information in regard to any con-
ditions that may affect the permanence of the stage-discharge relation,
covering such subjects as the occurrence of ice, the use of the stream
for log driving, shifting of control, and the cause and effect of back-
water; it gives also information as to diversions that decrease the
flow at the gage, artificial regulation, maximum and minimum
recorded stages, and the accuracy of the records.

The table of daily discharge gives, in general, the discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid diurnal
fluctuation the discharge obtained from the rating table and the mean
daily gage height may not be the true mean discharge for the day. If
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such stations are equipped with water-stage recorders the mean daily
discharge may be obtained by averaging discharge at regular intervals
during the day, or by using the discharge integrator, an instrument
operating on the principle of the planimeter and containing as an
essential element the rating curve of the station.

In the table of monthly discharge the column headed “Maximum™”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not indi-
cate correctly the stage when the water surface was at crest height,
and the corresponding discharge was consequently larger than given
in the maximum column. Likewise, in the column headed ‘Mini-
mum’’ the quantity given is the mean flow for the day when the mean
gage height was lowest. The column headed “Mean’’ is the average
flow in cubic feet per second during the month. On this average
flow computations recorded in the remaining columns, which are
defined on page 8, are based.

The deficiency table presented for some of the gaging stations shows
the number of days in each year on which the mean daily discharge
was less than the discharge given in the table. By subtraction the
table gives the number of days each year that the mean daily dis-
charge was between the discharges given in the table and, also by
subtraction, the number of days that the mean daily discharge was
equal to or greater than the discharge given. If one discharge rating
table was used throughout the period covered by the deficiency table,
gage heights that correspond to the discharges are also given.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarily (1) on the
permanence of the stage-discharge relation and (2) on the accuracy of
observation of stage, measurements of flow, and interpretation of
records. :

A paragraph in the description of the station gives information
regarding the (1) permanence of the stage-discharge relation, (2) pre-
cision with which the discharge rating curve is defined, (3) refinement
of gage readings, (4) frequency of gage readings, and (5) methods of
applying daily gage heights to the rating table to obtain the daily
discharge.!

For the rating tables ‘“well defined” indicates, in general, that the
rating is probably accurate within 5 per cent; ‘“fairly well defined,”
within 10 per cent; “poorly defined,” within 15 to 25 per cent.
These notes are very general and are based on the plotting of the
individual measurements with reference to the mean rating curve.

1 For a more detailed discussion of the accuracy of stream-flow data see Grover, N. C., and Hoyt, J. C.,
Accuracy of stream-flow data: U. S. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.
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The monthly means for any station may represent with high
accuracy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other use,
or by inability to interpret the effect of artificial regulation of the
flow of the river above the station. ‘‘Second-feet per square mile”
and “Run-off (depth in inches)”’ are therefore not computed if such
errors appear probable. The computations are also omitted for
stations on streams draining areas in which the annual rainfall is
less than 20 inches. All figures representing ‘second-feet per square
mile” and “run-off (depth in inches)” previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey.

The table of monthly discharge gives only a general idea of-the flow
at the station and should not be used for other than preliminary
estimates; the tables of daily discharge allow more detailed studies
of the variation in flow. It should be borne in mind, however, that
the observations in each succeeding year may be expected to throw
new light on data previously published.

COOPERATION.

In Montana the \work was done in cooperation with the United
States Reclamation Service. The station on St. Mary River at
Kimball, Alberta, was maintained in cooperation with the Canadian
Department of Interior.

In Minnesota the work was carried on in cooperation with the
State Drainage Commission, E. V. Willard, acting State drainage
engineer, under terms of an act of the legislature of 1909 as embodied
in joint resolution 19, which reads as follows:

Whereas the water supplies, water powers, navigation of our rivers, drainage of our
lands, and the sanitary condition of our streams and their watersheds generally form
one great asset and present one great problem, therefore:

Be it resolved by the house of representatives, the senate concurring, That the State
drajnage commission be, and is hereby, directed to investigate progress in other States
toward the solution of said problem in such States, to investigate and determine the
nature of said problems in this State.

The International Joint Commission maintained the water-stage
recorder and paid the salary of the observer at the station on Ka-
wishiwi River near Winton, and the United States Engineer Corps
paid the salaries of the observers at the stations on Minnesota River
near Montevideo and Chippewa River near Watson.

In Wisconsin the work was carried on in cooperation with the
Railroad Commission of Wisconsin, C. M. Larson, chief engineer,
and at certain stations with the following organizations: Wisconsin-
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Minnesota Light & Power Co. (Chippewa River at Chippewa Falls,
Red Cedar River near Colfax, Red Cedar River at Cedar Falls,
Red Cedar River at Menomonie), Chippewa & Flambeau Improve-
ment Co. (Chippewa River at Bishops Bridge near Winter), Stough-
ton Municipal Electric Light System (Yahara River near Edgerton).

In Towa the work was carried on in cooperation with the Iowa
Geological Survey, George F. Kay, director, and the Mississippi
River Power Co., of Keokuk, Iowa.

In Illinois work was carried on in cooperation with the State of
Illinois, through the Rivers and Lakes Commission until June 30,
and the Division of Waterways of Public Works and Buildings after-
ward, and at single stations with the United States Army Engineer
Corps (Illinois River at Peoria) and the Central Illinois Public Service
Co. (South Fork of Sangamon River at power plant near Taylorville).

DIVISION OF WORK.

The data for stations in the Hudson Bay basin, except in Minne-
sota, were collected and prepared for publication under the direction
of W. A. Lamb, district engineer, Helena, Mont., assisted by A. H.
Tuttle and E. F. Chandler.

The data for stations in the Hudson Bay and Mississippi River
basins in Minnesota were collected and prepared for publication
under the direction of W. G. Hoyt, district engineer, assisted by S. B.
Soulé and R. B. Kilgore, and by E. F. Chandler, assisted by T. M.
‘Wardwell, L. B. Dale, and H. A. Noble.

For stations in the Mississippi River basin in Wisconsin the data
were collected for publication under the direction of W. G. Hoyt,
assisted by E. L. Williams, R. B. Kilgore, F. W. Huels, and J. P.
Schwada.

For stations in the Mississippi River basin in Towa the data were
collected under the general direction of W. G. Hoyt and under the
immediate direction of R. H. Bolster, assisted by C. Herlofson and
A. Davis. The data for stations in the Mississippi River basin in
Illinois were collected under the general direction of W. G. Hoyt and
under the immediate direction of H. C. Beckman, assisted by G. J.
Trinkaus. A. M. Wohl, H. S. Wohl, and Marcia Towle.

GAGING=-STATION RECORDS.
HUDSON BAY DRAINAGE BASINS.

ST. MARY RIVER NEAR BABB, MONT.
[Including diversion from Swiftcurrent Creek.]

LocatioN.—About 1,040 feet above the headworks of St. Mary canal, one-fourth mile
below outlet of Lower St. Mary Lake, and 2 miles south of Babb, on Blackfeet
Indian Reservation, in Teton County.

DrAINAGE AREA.—278 square miles (including area of Swiftcurrent Creek above
point of diversion into St. Mary Lake).
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RECORDS AVAILABLE.—April 9, 1902, to September 30, 1917. Records prior to Octo-
ber, 1915, do not include the flow of Swiftcurrent Creek.

Gage.—Chain gage on right bank. During the winter months a temporary low-water
gage opposite the chain gage wasread. Gages read by employees of the United
States Reclamation Service. ’

DiscHARGE MEASUREMENTS.—Made from cable 560 feet below gage, or by wading.
Until September, 1909, the cable was at a point about 300 feet downstream from
its present location.

CHANNEL AND CONTROL.—Bed of stream practically permanent. Banks high and
not subject to overflow. The concrete diversion dam for the St. Mary canal,
located 1,040 feet below the gage, forms the control. The dam is provided with
flashboard sluice gates near the canal headgates. Stage-discharge relation is
permanent when the flashboards in the sluice gates remain at the level of the
crest of the dam. .

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.60 feet June 10
and 11 (discharge, 4,160 second-feet); minimum discharge, 66 second-feet April1.

1902-1917: Maximum stage estimated at 9.4 feet June 5, 1908 (discharge, 7,980
second-feet); minimum discharge, 20 second-feet, April 3-7, 1904.

Ice.—Stage-discharge relation affected by ice for short periods.

Diverstons.—None. .

Recuration.—Natural storage in St. Mary Lakes. The flow of Swiftcurrent Creek
was diverted into lower St. Mary Lake on October 1, 1915. The flow of this
stream will be regulated by Sherburne Lake reservoir.

Accuracy.—Stage-discharge relation permanent when flashboards in sluice gates of
dam are kept at level of crest of dam. Four rating curves have been developed
and used for the periods noted: October 1-10, fairly well defined; October 11 to
December 4 and April 11-19, and July 23 to September 9, well defined; April 20
to July 22 and September 13-30, well defined; January 6 to April 5, poorly de-
fined. Gage read twice daily during the open season and once daily in winter.
Daily discharge ascertained by applying daily gage height to rating table except
for periods affected by ice or by shifting control. Discharge, December 5 to
January 5 estimated from temperature records and notes by observer. Records
good.

The diversion dam below the gaging station was constructed by the United States
Reclamation Service for the purpose of diverting water from St. Mary River into the
St. Mary canal, which carries the water across the divide into the North Fork of Milk
River. The water then flows in the natural channel of Milk River through Canada,
and is finally used for irrigation in the Milk River Valley in Montana. The present
capacity of the diversion canal is about 425 second-feet. A storage reservoir is being
provided on Swiftcurrent Creek by constructing a dam at the outlet of Sherburne
Lake. By means of a diversion channel connecting Swiftcurrent Creek and Lower
St. Mary Lake, the run-off from Swiftcurrent Creek is made available for diversion
through St. Mary canal.

Discharge measurements of St. Mary River near Babb, Mont., during the year ending
Sept. 30, 1917.

[Made by W. A, Lamb.)

Gage Dis- Gage Dige
Date. height. | charge. Date. heizit. charge.
1?'e(t’31.‘.65 Sw‘-ﬁéﬁs ' Fe‘ft.4 5 Sec.iftgm
— .55 85 3.58 1,950
— .43 116 1.75 630
4.82 3,320 1.69 363
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dee. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Bept.
462 177 154 108 89 81 66 205 | 2,840 | 2,770 | 1,010 511
462 183 150 106 89 70 205 | 2,840 | 2,720 932 507
444 183 171 103 89 81 205 | 2,620 | 2,690 860 467
426 159 102 89 81 73 205 | 2,620 | 2,730 849 463
409 171 150 100 81 81 73 205 | 2,510 | 2,800 78 463
392 171 146 97 81 81 79 205 | 2,510 | 2,840 750 433
360 171 143 97 73 81 86 205 | 2,510 | 2,880 750 430

171 140 97 73 81 93 250 | 2,950 { 2,840 750 398
301 211 139 97 70 81 100 300 | 3,500 | 2,740 750 398
287 196 138 89 70 81 107 415 | 3,940 ] 2,690 750
236 183 138 97 73 81 114 620 | 4,160 | 2,550 740 377
245 183 137 97 73 81 114 770 | 4,160 | 2,580 700 366
265 183 137 97 77 81 119 | 1,020 | 3,830 | 2,510 675 355
245 183 136 97| & 81 119 | 1,460 | 3, 2,390 655 385
255 171 136 97 81 81 1241 1,760 | 3, 2,200 650 385

1 190 130 81| 165|26201(3,501)1,3600| 645] 355
171 1] 130 s1! 205]2950]3390)1,280] 630) 355
B0 17| 127 73 3,000 [ 3,220 1,250 | 605

10| 165 125 73| 20513280 (3060 1,250 563 355
177] 15| 122 73] 205]3280|2000]1,170| 520/ 355
190 | 110 73 |.... .. 3170 |...... 1, 520}.......

Note.—No gja;ge—height record Dec. 5 to Jan, 5; discharge estimated from temperature records and notes
by observer, Discharge estimated beeause of ige for following periods: Jan. 21, 29-31, Feb. 1, 16-28, and
. 1-11. Discharge, Apr. 6-10, interpolated because of change in stage-discharge relation. .

Monihly discharge of St. Mary River near Babb, Mont., for the year ending Sept. 30, 1917.
[Drainage area, 278 square miles.}

Discharge in second-feet. Run-off.
Month. Por Depthin Totali
: 3 inches on 'otal in
Maximum, [ Min.mum.| Mean. s]t}]l]g.lage drainage | acre-feet.
g area,
471 11 305 1.10 1.27 18,800
352 154 209 .752 .84 12,400
171 110 137 .493 .57 8,420
108 94.2 .339 .39 5,790
70 80.1 .288 .30 4,450
81 73 80.1 . 238 .33 4,920
205 66 127 .457 .51 7,
3,280 205 | 1,640 5. 6.80 101,000
4,160 2,510 | 3,390. | 12.2 13.61 202,000
2, 1,170 | 2,110 7.59 8.75 130,000
1,010 520 7 2.52 2.90 43,300
511 355 301 1.41 1.57 23,300
4,160 66 775 2.79 37.84 562, 000

a Includes drainage area of Swiftcurrent Creek above point of diversion into St. Mary Lake.

ST. MARY RIVER NEAR KIMBALL, ALBERTA.

LocatioN.—In SW. } sec. 25, T. 1 N., R. 25 W. fourth meridian, about 1 mile south
of Kimball, Alberta, and 5 miles north of international boundary.
DRAINAGE AREA.—472 square miles (measured on topographic maps).
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RECORDS AVAILABLE.—January 1, 1913, to September 30, 1917. From September 4,
1902, to December 31, 1912, records were obiained at a poini one-fourth mile
below the boundary line. Records were also obtained by the Irrigation Branch
(now the Reclamation Service), Department of the Interior, Canada, at a point
about half a mile below the present station, from 1905 to 1912. The discharge
at the three points is practically the same.

Gace.—Stevens water-stage recorder with a concrete well and shelter on the right
bank used during the open-water season. A staff gage at cable from which dis-
charge measurements were made was used October 1 to November 8. A chain gage
attached to the highway bridge 2 miles below the station was used November
10 to May 5 when stage-discharge relation was affected by ice.

DiscEARGE MEASUREMENTS.—Made from a cable three-fourths of a mile below the
gage; low-water measurements made by wading near the cable.

CEANNEL AND CONTROL.—Bed of stream at the gage and at the control is composed
of boulders and sandstone ledges. The control is formed by an outcropping
ledge of sandstone. Stage-discharge relation is affected by a large gravel bar
which has formed on the right bank at the control.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
6.93 feet at 6 p. m. June 11 (discharge, 5,230 second-feet); minimum discharge,
100 gecond-feet January 30 and 31.

1902-1917: Maximum stage recorded, 12.75 feet, June 5, 1908 (discharge, 18,000
second-feet, estimated by comparison with record for station near Babb); mini-
mum discharge, 70 second-feet,! February 5, 1914. '

Ice.—Stage discharge relation seriously affected by ice. Daily discharge computed
from discharge measurements and temperature records.

Diversions.—The St. Mary canal, constructed by the United States Reclamation
Service, diverts water from St. Mary River near Babb, Mont., to the North Fork
of Milk River. During 1917, 33,600 acre-feet was diverted. The Alberta Rail--
way & Irrigation Co. canal diverts from St. Mary River about a mile below the
station.

ReeuraTiON.—The flow of Swiftcurrent Creek will be regulated by the Sherburne
Lake reservoir, under construction by the United States Reclamation Service.

Accuracy.—Stage-discharge relation changed during high water June 9-13; affected
by ice November 10 to May 5. Rating curves used as follows: October 1 to
November 8, fairly well defined; May 7 to June 8, well defined between 470 and
4,000 second-feet; June 14 to September 30 well defined between 200 and 5,000
second-feet. Staff gage read to hundredths twice daily October 1 to November 9;
chain gage read November 10 to May 5. Gage heights May 7 to September 30
obtained from recorder graph by averaging the stage for hourly intervals. Daily
discharge ascertained by applying mean daily gage height to rating table except
for periods during which stage-discharge relation was affected by shifting control
orice. Recordsgood.

CooPERATION.—Station maintained jointly with the Reclamation Service, Depart-
ment of the Interior of Canada.

1 Only estimates of mean monthly flow are available for the winter periods from 1902 to 1912, inclusive,
and a lower minimum discharge may have occurred during that time.
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Discharge measurements of St. Mary River near Kimball, Alberta, during the year ending
Sept. 30, 1917.

Ga, Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— height. | charge.
Feet. | Sec.t, . Feet, | Sec.ft
b3.23 342 || May 24 | A. W, P. Lowriea_.._. 5.501 2,
4.25 440 26 |..... A0 5.9 3,
4,28 418 27 |-....do.. 6.081 3,570
3.95 210 28 |..... do... 6.20 3,730
¢ 5.57 241 || June 14 | W. A, Lamb 6.15| 4,070
€5.38 118 18| A.W.P. 6.47 | 4,790
€5.76 140 19 |..... do... ... 6.44 4,750
€5.54 140 20.....do.. 6.46 ] 4,690
€ 5.69 110 22 ... do.. 6.43 4,720
c6.83 651 [} July 9|.....do... 5.47 | 2,900
€6.37 824 20 [ W. A. Lamb.... 4.85 1,870
©5.98 597 26 | A.'W.P.Lowriea.....| 4.25 1,270
¢ 5.53 376 | Aug, 23 1..... d 3.00 494
3.11 504 || Sept. 14 | W. A. Lamb. 2.94 454
3.18 562 A.W. P. Lowriea 2.95 453

o Engineer, Reclamation Service, Department of Interior, Canada.
b Gage height referred to staff gage at cable. N A
¢ Gage height referred to chain gage on highway bridge 2 miles below regular station; stage-discharge re-

lation affected by ice.

Daily discharge, in second-feet, of

ending Sept. 30, 1917.

St. Mary River near Kimball, Alberta, for the year

Day. Oct. | Nov. | Dec. Jan.. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
Lo 511 300 245 239 100 132 110 547 | 3,470 | 3,130 837 332
N 483 | 325 235 241 100 131 110 | 568 | 3,350 | 3,100 772 204

336 | 245 240 102| 130 110| 5811}3,280 2,970 708 268
245 240 103 130 250 | - 588 | 3,140 | 3,060 672 253
230 240 | 104 130 | 375| 634]3,0803,020| 610 247
225 240 | 106 130 530 | 6641 3,050 | 3,040 | 560 236
2201 240) 108 130 650 570 | 3,180 | 3,060 | 538 230
215 240 112 131 690 660 | 3,520 | 2,990 538 222
210 240 120 133 735 818 | 3,880 | 2,830 546 250
210 239| 128 135 780 | 1,110 | 4,610 | 2,850 { 551 318
210 235 134 138 824 | 1,410 | 5,200 | 2,730 560 318
210 227| 136 140 5971 1,660 | 5,090 | 2,680 | 515 386
210 214 140 140 485 1 2,050 | 4,940 | 2,600 470 458
210 194 150 140 376 | 2,500 | 4,600 | 2,530 458 470
210 170 155 140 | 372 2,850 | 4,410 ] 2,330 | 434 462
210 140 | 870 | 3,040 | 4,430 | 2,160 | 434 454
210 140 372 | 3,220 | 4,690 | 2,100 430 450
210 140 374 | 3,200 | 4,760 | 2,100 426 450
210 140 384 | 3,170 | 4,760 | 2,160 430 450
210 140 | 410 3,220 | 4,740 | 1,890 | 438 450
210 138 | 438 8,140 | 4,760 | 1,850 | 452 442
210 137 | 450 12,800 | 4,600 | 1,820 466 442
215 134 | 460 | 2,640 | 4,510 { 1,720 | 470 430
215 130| 466 ] 2,510 | 4,240 | 1,670 | 462 470
215 128 472 | 2,780 | 4,140 | 1,440 446 458
220 125 | 47718,380 {4,100 1,320 | 418 450
220 1221 481 13,560 | 3,940 | 1,210 } 390 458
225 120 468 | 3,740 | 3,820 { 1,130 378 442
230 117 475 | 3,840 1 3,510 | 1,090 354 434
235 115| 51713,950 | 3,240 {1,010 | 318 430
237 ... 8,680 [....... 928 340 )...... .

NoTE.—Gage notread, discharge estimated for following days: Oct. 8, 29, Nov. 5, 9, 19, Dec. 3, 10, 17, 20,

24,31, Jan. 1,7, Mar. 11,18, Apr.

2, 27, May 6 and 29.
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Monthly discharge of St. Mary River near Kimball, Alberta, for the year ending Sept. 30,
1

Discharge in second-feet.
Run-offt

Month. (total in

Maximum.| Mihimum.{ Mean. acre-feet).
511 330 391 24,000
440 260 324 19,300
245 210 220 13,500
241 100 174 10, 700
160 100 123 6,830
140 111 132 8,120
824 110 454 27,000
3,950 547 2,230 137,000
5,200 3,050 4,100 244, 000
3,130 928 2,210 136,000
837 318 497 30,600
470 222 382 22,700
5,200 100 940 680, 000

7

Combined daily discharge, in second-feet, of St. Mary River near Kimball, Alberta, and
St. Mary canal at Douglas bridge, near Browning, Mont., for the year ending Sept. 30,

1917.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
511 300 | 245 132 110 | 547 | 3,470 | 3,130 | 1,000 594
483 | 825 235 131 110 | 568 (3,350 | 3,100 | 1,030 556
469 336 245 130 110 581 | 3,280 | 3, 970 530
455 336 245 130 250 588 | 3,140 | 3,160 934 515
42| 320{ 230 130 | 375 6343,080 (3,200, 872 509
469 305 225 130 530 664 | 3,050 | 3,250 822 467
422 | 295| 220 130 | 650 570 (3,180 3,270 | 800 471
48| 825 215 131 690 | 660 | 3,520 | 3,200 800 463
455 350 210 133 735 818 | 3,880 | 3,060 808 491
42 3101 210 135 780 } 1,110 | 4,610 { 3,080 [ 813 519
) § 4221 280 210 138 824 11,410 | 5,200 { 2,970 822 464
120 . 378 280 210 140 597 11,660 { 5,090 | 2,910 77 540
13 360 280 210 140 485 1 2,050 | 4,940 | 2,830 732 596
) S 360 280 210 140 376 | 2,500 | 4,600 | 2,760 720 470
) 1 348 | 200 210 140 | 387212,850 | 4,410 | 2,560 | 696 462
16, i 336 340 210 140 | 370 ] 3,040 | 4,430 | 2,300 | 696 454
i SO 342 40 210 1401 372 3,220 | 4,600 | 2,330 | 692 450
| £ SN 348 | 418| 210 140 374 | 3,200 | 4,760 | 2,330 | 688 450
19, .ol 3718 | 895| 210 140 384 | 3,170 | 4,760 | 2,390 | 692 450
b1 390 355 210 140 410 | 3,220 | 4,740 | 2,130 700 450
.1 P 410 340| 210 138 | 438 3,140 | 4,760 | 2,090 714 442
22 e 390 340 210 137 450 | 2,890 | 4,690 | 2,060 728 442
P J . 378 345 215 134 460 | 2,640 | 4,510 | 1,980 732 430
. 348 | 3421 215 130 466 | 2,510 | 4,240 | 1,830 724 470
25 348 | 333 215 128 472 | 2,780 | 4,140 | 1,700 708 458
. i N 330 323 320 125 477 | 3,380 | 4,100 | 1,570 680 450
b1 342 | 812| 220 122 | 4811 3,560 | 3,940 { 1,460 | 652 458
D 330 296 | 225 120 468 | 3,740 | 3,820 | 1,380 1 640 442
. 330 278 230 117 475 | 8,840 | 8,510 | 1,340 616 434
300 e 330 260 235 115| 517 3,950 | 3,240 | 1,260 | 580 430
Bloiieiann 336 |.nnn-- 237 ... 2680 |...... 1,180 | 602 [.......

Norte.—For table of daily discharge of St. Mary canal at Douglas bridge, see p. 22.

96719°—19—wsp 455——2
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Combined monthly discharge of St. Mary River near Kimball, Alberta, and St. Mary
canal at Douglas bridge near Browning, Mont., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off

Month, (totalin

Maximum. | Minimum. | Mean, | 8crefeet).
511 330 391 24,000
440 260 324 19,300
245 210 220 13,500
241 100 174 10, 700
160 100 123 6,830
140 111 132 8,120
110 454 27,000
3,950 547 2,230 137,000
5,200 3,050 4,100 244,000
3,270 1,180 2,420 149,000
1, 580 759 46,700
596 430 479 28, 500
5,200 100 988 715,000

AY
NotE.-—For table of monthly discharge of St. Mary canal at Douglas bridge, see p. 22.
SWIFTCURRENT CREEK AT MANY GLACIER, MONT.

LocatioNn.—In sec. 12, T. 35 N., R. 16 W., at outlet of McDermott Lake at Many
Glacier, in Glacier National Park, about 14 miles southwest of Babb, in Teton
County.

DRAINAGE AREA.—31.4 square miles (measured on topographic map).

RECORDS AVAILABLE.—June 6, 1912, to September 30, 1917.

Gage.—Vertical staff on the right bank at the outlet of the lake. Prior to May 23,
1918, a staff gage on the left bank opposite the present gage wasread. Gage read
by George Hall, :

DiscHARGE MEASUREMENTS.—Made by wading at the outlet of the lake or below the
falls. High-water measurements made from the highway bridge above the power
house; measuring section at the bridge very poor.

CHANNEL AND coNTroL.—Control is a limestone outcrop at the outlet of the lake.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 4.20 feet at 6
p- m. June 9 (discharge, 1,220 second-feet); minimum discharge, 20 second-feet,
by current-meter measurement, April 14, when stage-discharge relation was
seriously affected by ice. No record of discharge January 1 to April 13.

1912-1917: Maximum stage recorded, 4.75 feet, June 17, 1916 (discharge, 1,550
second-feet); minimum discharge, 10.8 second-feet, March 19, 1912, measured by
current meter.

Toe.—Stage-discharge relation seriously affected by ice January 1 to April 17. Ice
cover on lake November 20 to June 9; records for December may be slightly in
error on account of ice.

Diversions.—None. \

Reaurarion.—None.

Accuracy.—Stage-discharge relation probably permanent during year; seriously
affected by ice. Rating curve used October 1 to December 31, and April 18 to
September 30, well defined between 44 and 825 second-feet, but no current-meter
measurements were made during open season. Gage read to hundredths twice
daily. Daily discharge ascertained by applying mean daily gage height to rating
table. Discharge, April 14, obtained from current-meter measurement of that
date; April 15-17 interpolated because of ice. Records probably fair, but owing
to lack of discharge measurements should be used with caution,
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’

The following discharge measurement was made by W. A. Lamb: April 14, 1917:
Gage height, 1.48 feet; discharge, 19.6 second-feet (stage-discharge relation affected

by ice).

- Dasly discharge, in second-feet, of Swiftcurrent Creek at Many Glacier, Mont., for the year

ending Sept. 30, 1917.

Day. Oct. Nov. Dec. Apr. | May. | June. | July. | Aug. | Sept.
70 63 48 292 525 152 112
67 67 47 470 545 149 112
67 68 48 445 570 144 107
63 70 45 410 5 133 101
62 3 46 415 545 128 94
60 71 47 485 555 128 86
60 70 56 580 565 138 3
60 68 76 759 520 128
59 71 971 1,160 525 128 84
58 68 133 | 1,020 525 133 81
58 65 47 (...t 228 610 530 125 84
55 63 46 |........ 315 510 460 138 90
55 62 46 |........ 440 386 450 149 84
53 60 45 20 5 435 386 159 86
53 60 44 26 908 470 376 159 92
54 60 44 32 610 372 159 97
58 58 44 39 600 | 1,110 381 165 107
62 55 42 47 630 372 168 105
63 55 42 48 362 715 391 172 101
60 53 40 48 343 676 391 175
56 54 40 50 353 615 410 172 95
55 54 40 51 348 635 343 168 95
56 53 41 51 570 329 -159 95
58 53 40 52 485 475 292 152 107
60 53 36 53 575 671 274 141 103
62 54 35 53 585 676 260 133 96
63 53 37 54 575 655 220 130 92
63 54 39 55 505 595 212 125
64 56 42 53 570 575 201 125 97
65 58 44 50 450 515 193 121 92
[i1: 3] PO 0 ]........ 362 |........ 172 116 |........

Note.—8tage-discharge relation seriously affected by ice, Jan. 1 to Apr. 17; data inadequate for deter-
mination of discharge Jan. 1 to Apr. 13.

Monthly discharge of Swiftcurrent Creek at Many Glacier, Mont., for the year ending

Sept. 80, 1917.
[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
Month, per | Depthin | .
Maximun. | Minimum. | Mesn. | square e on ﬁm
g area.

70 53 60.1 1.91 2.20 3,700

73 60.7 1.93 2.16 3,610

55 35 45.3 1.44 1.66 2,790

55 46,0 1.46 .92 1,550

908 45 346 11.0 12.68 21,300

1,160 613 19.5 21.76 36, 500

570 172 402 12.8 14.76 24,700

175 116 144 4.59 5.29 8,850

12 7 94.4 3.01 3.36 5,620
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SWIFTCURRENT CREEK AT SEERBURNE, MONT.

Location.—In sec. 35, T. 36 N., R. 15 W., near outlet of Lower Sherburne Lake, in
Teton County.

DRAINAGE AREA.—64 square miles (measured on topographic map).

REcorps AVAILABLE.—July 1, 1912, to September 30, 1917.

GageE.—Staff gage on left bank about 300 feet below the spillway of the Sherburne
Lake dam; read by employees of the United States Reclamation Service. From
July 1, 1912, to November 9, 1914, s vertical staff gage was maintained on the
left bank near the outlet of the lake, and at a different datum from the present gage.

DiscHARGE MEASUREMENTS.—Made by wading or from cable 50 feet below gage.

CHANNEL AND CONTROL.—AR outcropping limestone ledge, somewhat broken and
irregular, forms the control; subject to slight shifts.

ExXTREMES OF DISCHARGE.—Maximum stage recorded during year 5.55 feet June
9-11 (discharge 1,070 second-feet); minimum stage 0.40 foot at 8 a. m. May 4
(discharge 6 second-feet).

1912-1917: Maximum stage recorded 7.85 feet June 17, 1916 (discharge 2,280
second-feet); minimum stage 0.5 foot April 25, 1916 (discharge 4 second-feet).

Ice.—Stage-discharge relation not seriously affected by ice.

Drversion.—None.

REecuLaTioN.—The natural flow of the stream was affected by placing and removing
flaghboards on the temporary construction dam built at the outlet in connection
with the Sherburne Lake storage dam.

Accuracy.—Stage-discharge relation changed probably March 27. Rating curves
used October 1 to March 27 and March 28 to September 30 are well defined.
Gage read to hundredths twice daily. Daily discharge ascertained by applying
mean daily gage height to rating table. Records good.

Discharge measurements of Swiftcurrent Creek at Sherburne, Mont., during the year
ending Sept. 80, 1917.

[Made by W. A. Lamb.}

Gage Dis- Gage Dis- Gage | Dis-
Date. height. | charge. Date. height. | charge. Gage. heigit. charge.
Feet. | Secft. Feet. | Sec.t. Feet, |Secft.
Nov.22........ 1.46 58 || June 14 5.20 914 || Aug.17......... 2.30 154
]A&pt‘ 13, 1.28 50 30........ 4.39 636 || Sept.13......... 1.82 85
ay17......... 5.25 970 || July 20......... 3.96 515
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Daily discharge, in second-feet, of Swiftcurrent Creek at Sherburme, Mont., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
65 56 30 18 22 18 30 60 584 646 202 118
65 65 34 14 20 18 30 54 646 646 178 118

65 38 16 18 18 30 27 646 648 146 12
70 76 39 15 20 15 28 6| 646 712 3 ‘104
70 42 19 21 14 36 8 614 72 60 100
58 70 45 19 20 18 36 12 614 72 M
81 45 18 23 15 36 40 746 712 159
56 70 43 18 22 14 43 97 930 678 236 56
5 81 39 18 21 14 43 420 | 1,010 646 62
76 38 18 22 14 47 426 | 1,0% 614 187 68
56 58 36 19 23 14 49 394 | 1,070 584 148 75
56 b1 33 21 24 15 53 526 | 1,050 584 145 77
58 54 32 21 24 13 51 646 | 1,010 584 145 89
48 60 32 22 22 13 49 712 970 420 145 124
56 210 30 24 21 13 51 818 892 300 145 138
46 349 29 24 s 13 51 930 892 420 139 131
42 281 27 22 24 13 49 930 970 446 159 118
46 166 7 20 21 12 48 892 | 1,010 554 159 118
56 113 27 20 1 12 48 854 | 1,610 554 173 118
7 29 20 21 15 49 782 | 1,010 498 187 118
106 65 29 18 21 15 55 712 | 1,010 472 202 112
9 54 29 18 21 17 60 472 | 1,010 472 202 105
7 51 28 18 21 18 62 420 970 370 187 106
7 42 27 18 16 370 930 322 187 105
9 42 26 19 21 15 66 584 892 322 173 112
12 42 26 19 21 16 69( 782 892| 258 159 112
18 38 25 26 65 782 854 256 159 112
34 36 24 25 62 782 678 278 105 112
70 32 24 28 59 818 614 300 165 112
54 34 21 28 57 82 236 105 112
60 1....... 21 29 [.eeen.. 678 |....... 218 112 |.......

Monthly discharge of Swiftcurrent Creek at Sherburne, Mont., for the year ending Sept.

30, 1917.
Di feet.

ischarge in second-feet Run-off

Month. - (totalin

Maximum. | Minimum, | Mean, | 8cre-foet).
106 50.0 3,070
349 32 85.6 5,000
45 3.4 1,930
25 14 19.7 1,210
24 18 21.4 1,190
% 12 16.8 1,030
69 28 49.2 2,930
[ 510 31,400
1,070 584 863 51,400
2 218 | 489 30,100

69 155

138 103 6,130
The Jear.......ouomimmmin et . 1,070 6 200 145,000

U. S. RECLAMATION SERVICE ST. MARY CANAL AT HUDSON BAY DIVIDE, NEAR
BROWNING, MONT.

Locatron.—At Douglas bridge on the Hudson Bay divide, 3 miles above the outlet of
the canal, 30 miles directly north of Browning on the Blackfeet Indian Reservation.

REcorDs AvainasLeE.—July 3 to September 13, 1917.

Gaee.—A vertical staff, graduated to tenths, nailed to upstream side of left pier of
bridge; read by U. 8. Reclamation Service ditch rider.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge at the gage.

CHANNEL AND CONTROL.—The channel is uniform, but the slope varies with the stage-
Control is a V-shaped concrete drop 1 mile below the gage.
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ExTREMES OF DISCHARGE.—Maximum discharge during the year 254 second-feet.

ReguraTioN.—The flow is regulated at the headgates 26 miles above. A small reser-
voir at Spider Lake serves to equalize sudden changes at the headgates.

Accuracy.—Stage-discharge relation practically permanent. Gage read to tenths
once daily. Discharge computed by using a rating curve hased on discharge
measurements made in 1918 and measurements of North Fork of Milk River at
Peter’s Ranch helow the outlet of the canal. Records fair.

St. Mary canal diverts from St. Mary River near Babb, Mont., and carries the water
across the divide into North Fork of Milk River. The waterisused forirrigation in the
Milk River vallcy in Montana.

Daily discharge, in second-feet, of U. S. Reclamation Service St. Mary canal at Hudson
Bay divide, near Browning, Mont., for the year ending Sept. 30, 1917.

Day July. |Aug. | Sept. Day. July.| Aug. | Sept. Day. July. | Aug. | Sept.

NotE.~—No flow in canal Oct. 1 to July 2 and Sept. 14-30. ’

Monthly discharge of U. S. Reclamation Service St. Mary canal at Hudson Bay divide,
near Browning, Mont., for the year ending Sept. 30, 1917.

Discharge in second-feet.

Run-off
Month. (totalin
Maximum. | Minimum. | Mean. | 8€re-feet).

iuly BBl e e naan 254 86 218 g,%
o 5,540

33,600

OTTERTAIL RIVER AT GERMAN CHURCH, NEAR FERGUS FALLS, MINN.

Locarion.—At highway bridge on south line of sec. 81, T. 134 N., R. 42 W, about
5 miles upstream from old station known as *‘Ottertail River, near Fergus Falls,”
and about 8 miles north of Fergus Falls, Ottertail County.

DrAINAGE AREA.—1,300 square miles,

RecORDS AVAILABLE.—October 29, 1913, to September 30, 1917, when station was
discontinued. May 9, 1904, to October 22, 1913, records were collected at a
station about 5 miles downstream from the present gite. The drainage area at
the lower station is only 10 square miles larger than at the upper, and no tribu-
taries intervene.

Gaae.—Chain gage attached to the downstream handrail near the right bank; read
by D. 8. Danielson.

DISCHARGE MEASUREMENTS.—Made from downstream side of the bridge.

CHANNEL AND coNTROL.—Bed composed of sand, gravel, and boulders. Rapids
about 100 feet below the gage form a well-defined control, which is practically
permanent except for an occasional elight growth of vegetation in the channel.
Banks at and above the gage are high; probably not subject to overflow. At
the control the land adjacent to the left bank is low and will be overflowed at
a stage of about 5 feet.



HUDSON BAY DRAINAGE BASINS. 28

ExTREMES OF piscHArGE.—Maximum stage recorded during year, 2.45 feet October
2, 3, 12, and 13 (discharge, 613 second-feet); minimum stage recorded, 0.88 foot
Sept. 10 and 11 (discharge, about 121 second-feet).

1914-1917: Maximum stage recorded, 3.0 feet at 8.30 a. m. June 29, 1916 (dis-
charge, 982 second-feet); minimum stage recorded September 10, 11, 1917.

Ioe.—Stage-discharge relation seriously affected by ice.

RrcuraTion.—Fluctuations caused by the operation of a number of dams and small
mills above the station are equalized by small lakes through which the river
flows before reaching the station, so that they are not observable at the gage.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 237 and 837 second-feet; extended and subject to
error outside these limits. Gage read to quarter-tenths once daily; fluctuations
in stage so gradual that good results are obtained from one reading a day. Daily
discharge ascertained by applying daily gage height to rating table except for
period when stage-discharge relation wasaffected by ice, for which it wasobtained
by applying to rating table daily gage height corrected for effect of ice by means
of discharge measurements, observer’s notes, and weather records. Open water
records excellent, except those for low stages, which are subject to error; winter
records good.

Discharge measurements of Ottertail River at German Church, near Fergus Falls, Minn.,
during the year ending Sept. 30, 1917

[Made by S. B. Souls.)

Date. Cage Dis- Date. hgi;i%. Dis-

height. charge. charge.
Feet, Sec.-ft. Feet. | Sec.ft.
Dec.296... ...l 3.07 324 i Mar. 8o ...l 3.95 29
Jan.26@... ...l 3.39 284 || June29......... ... 1.84 340
a Complete ice caver. .

Daily discharge, in seczmd feet, of Ottertail River at German Church, near Fergus Falls,
Minn., for the year ending Sept. 30, 1917.

Dee, | Jaun. | Feb. | Mar, | Apr. | May. | June. { July. | Aug. | Sept.
480 | 320 280 250| 355| 530| 480 327 | 200 137
480 320 280 250 360 530 480 307 200 137
455 320 280 250 375 530 480 307 196 137
435 3 280 250 530 457 304 196 134
415 315 275 250 385 530 434 304 192 130
415 315 275 245 390 530 434 300 188 127
30| 315 275{ 240| 392| 530 434 | 2041 185 130
390 310 275 240 392 530 434 286 181 130
390 310 275 240 392 530 434 277 177 127
390 310 270 240 392 530 434 277 173 121
385| 305| 270( 240| 392| 530( 434| 277| 173 121
385 305 270 245 413 530 434 272 169 130
380 305 266 250 434 530 413 272 166 130

305 265 250 392 530 392 266 166 134
375 305 265 250 402 530 392 266 169 130
375 300 260 250 413 530 392 266 166 128
370 300 260 255 434 530 392 266 166 127
370 300 260 260 434 544 392 261 162 127
365 300 260 270 457 567 392 251 158 144
365 300 260 275 457 530 392 251 151 144
360 295 255 280 480 530 373 242 147 142
30| 200| 255| 200] 480} 530 362| 238 147 140
360 290 250 300 480 530 233 144 140
355 235 250 305 | -530 530 354 233 140 153
350 285 250 310 b57 530 354 233 140 166
340 285 250 320 530 530 354 214 140 169
335 230 250 330 530 530 347 196 137 169
330 280 250 335 530 530 347 208 137 166
325 280 |.....:.] 340 530 530 347 208 134 154
325 280 |eennen 350 530 530 347 208 154
320 280 |....... 355 |oueenns 557 leavaens 208 137 feeevnnn

E.—Stage-discharge relation affected by ice Nov, 22 to Apr. 6. Gage not read, discharge interpo-
lated Ot 1 4,6, 8, 22, 29, Nov. 5, 19, Apr. 8, 15, 22; 27, 29, May , 6,9, 11, 13, 15, 18, 23, 27, June 10, 15. 24,
July 1, 8, 15, 22, 26, 29, Sept. 16 and 34.
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Monthly discharge of Ottertail River at German Church, near Fergus Falls, Minh., Jor the
year ending Sept. 80, 1917.

[Drainage area, 1,300 square miles.}

Di: i -feet.

ischarge in second-feet Run-off
(depth in

Month. Por ig}: 65 on

. .. ainage

Maximum. | Minimum. | Mean. sglt}laere area).

[076171) T 613 584 589 0.453 0.52
November... .- 584 390 526 . 405 .45
December-. . . 480 320 379 292 34
January..... 320 280 300 231 27
February.. . ... coooiiiiiiiiiiiiiaiaaan.. 280 250 265 204 21
March... 355 240 275 212 24
April... 557 355 441 38
May.... 557 530 532 409 47
June. .. 480 347 402 34
July. ... ..oiee.... 327 196 260 200 23
1 PP 200 134 164 126 14
September. . . ... ciiiiriiciaaaiaaaannnas 169 121 139 107 12
The year. . ......oieiieiiaiaaaaaaannan 613 121 356 274 3.7

RED RIVER AT FARGO, N. DAK.

LocaTioN.—At dam half a mile above highway bridge connecting Front Street,
Fargo, N. Dak., with Moorhead, Minn., 10 miles above mouth of Sheyenne River. -

DRAINAGE AREA.—6,020 square miles.

RECORDs AVAILABLE.—May 27, 1901, to September 30, 1917.

Gace.—Vertical staff attached to tree on left bank about 6 rods above the dam; vertical
staff for use at low stages attached to upper end of fishway at left end of dam;
lowest point of crest of dam now about 0.90 foot above datum of gage. Prior to
September 1, 1914, gage readings were obtained from a vertical staff attached to
the breakwater for the center pier of the Front Street bridge; this gage is still
maintained and used by the Weather Bureau but can not be read accurately
without a field glass and its control is less permanent than that of the gage now
used. The datum of the Front Street gage issuch thatif the dam were removed,
or if the stage were so high as to completely drown the dam, readings on the Front
Street gage would be about 10.4 feet greater than on the gage now used. Atex-
treme low stage the fall over the dam is about 5 feet.

DisCHARGE MEASUREMENTS.—Made from footbridge a few feet upstream from gage.

CHANNEL AND cONTROL.—Bed consists of clay and silt; nearly permanent. Dam
below gage is the control.

EXTREMES OF DISCHARGE.—Maximum stage during year, 14.0 feet April 4 (discharge,
5,200 gsecond-feet); minimum stage, 1.25 feet September 15 (discharge, 42 second-
feet).

1901-1917: Maximum stage recorded, 19.9 feet April 6, 1916, when stage-dis-
charge relation was affected by ice; maximum discharge, 7,440 second-feet April
7, 1916; minimum stage recorded, 5.7 feet November 1, 1910 (discharge, 36
second-feet).

Ice.—Stage-discharge relation not seriously affected by ice during winter; open-season
rating table is applicable by making small correction for slight obstruction of
crest of dam; in determining flow during spring break-up, however, corrections
amounting to several feet must be applied to gage heights before applying open-
season rating table, owing to backwater from ice.

Diversions.—None.

RecuraTiON,—No power plants or storage above the station within 60 miles; storage

“not great enough to noticeably affect the discharge at the station.
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Accuracy.—Stage-discharge relation practically permanent during year except as
affected by ice. Rating curve well defined between 200 and 2,400 second-feet
and fairly well defined at other stages. Gage read to hundredths daily. Open-

water records good.
Discharge measurements of Red River at Fargo, N. Dak., during the year ending Sept.
30, 1917.
Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
Feet. | Sec.-fi. Feet. | Sec-ft.
Dec, 23 | L. B.Dale..c...._..... 2.88 513 || June 13 | A. Hulteng.............| 3.24 786
Apr. 7| E.F. Chandler... 10.64 | 4,130 || July 14 | E. F. Chandler. Jo2.29 323
14 | T.M. Wardwell..._._..| 5.22| 2,320 [l Aug. 16 |.....d0ecceueeee ucnannn 1.69 143
15 |..... Q0uanneaenananns 5.03 | 2,210

Daily discharge, in second-feet, of Red River at Fargo, N. Dak., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,710 976 486 231 92
2,710 942 465 200 92
2,710 925 465 | 170 92
2 908 444 156 92
2,710 844 424 194 104
2,570 844 424 231 116
2,430 844 404 70
2,230 814 395 170 70
3 814 385 142 81
2,130 3 366 92
2,030 756 348 170 70
1, 756 330 170 60
1,880 756 330 170 60
1,830 756 330 170 50
1,830 756 330 156 42
1,730 784 330 142 79
1,640 756 296 142 116
1,600 727 296 142 116
1,550 K 279 135 142
1, 500 674 129 129
1,460 624 279 116 70
1,420 624 279 116 50
1,290 279 104 7
1,200 576 279 104 104
1,240 553 263 92 81
1,200 530 263 98 104
'1, 160 486 263 104 104
1,120 508 231 92 104
, 050 530 231 92 116
1,010 508 231 136
976 |........ 231 92 l..iaenes

Monthly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1917,

Discharge in second-feet.
. Run-off
Month. (totalin
Maximum, | Minimum. | Mean. | 36Te-feet).

OCLODET - - < e e et oeeeeeeeae e et naenes 1,240 876 | 1,030 63,300
November 1-17. .. o oot 876 424 746 25,200
March 26-31... .o Lo 111l 4,640 734 | 3,100 36,900
April. ..ol I 5,200 2,130 | 3,180 189,000
£ 2,800 976 | 1,810 111,000
JUDC. ¢ e e e i 976 486 722 43,000
July. .. 486 21 330 20,300
AURUSE, - o, 231 92 144 8, 850
September. .- LTI 142 42 90.4 5,380
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RED RIVER AT GRAND FORKS, N. DAK.

Location.—At Northern Pacific Railway bridge between Grand Forks, N. Dak.,
and East Grand Forks, Minn., half a mile below mouth of Red Lake River.

Dramace arEA.—25,000 square Imles

RECORDS AVAILABLE —May 26, 1901, to September 30, 1917. Gage-height records
have been kept by the United States Engineer Corps since 1882 and a few dis-
charge measurements were made by them in early years.

GAeE.—Chain gage attached to Northern Pacific Railway bridge and vertical staff
gage attached to ice breaker below center pier of same bridge. The staff gages
used by the United States Engineer Corps and the United States Weather Bureau
are on the bridge breakwater at the same place as the staff gage used by the United
States Geological Survey and at datum 5 feet higher.

DiscEARGE MEASUREMENTS.—Made from Great Northern Railway bridge about a
fifth of a mile above the gage.

CaanNEL AND conTROL.—Clay and silt; shifts very slightly.

ExTREMES oF pIscHARGE.—Maximum stage during year, 33.9 feet at 5 p. m. April 8
(discharge, 21,600 second-feet); minimum stage, 3.4 feet September 4 (discharge,
395 second-feet).

1882-1917: Maximum stage recorded, 50.2 feet April 10, 1897 (discharge,
43,000 second-feet); minimum stage, 2.6 feet February 10, 1912 (discharge, 100
second-feet).

Ice.—Stage-discharge relation seriously affected by ice. The ice cover is usually
complete and smooth from late in November until about the beginning of April,
and the flow is steady, with few fluctuations. Since 1905 sufficient discharge
measurements have been made each winter to obtain fairly accurate summaries
of winter flow. For a few days or weeks at the time of the spring break-up the
water level is raised considerably by ice in the channel, and at times, as indicated
by a few discharge measurements, this abnormal rise has been as much as 8 feet,
though usually it is less; correction is made for this rise in applying open-season
rating table.

Drversion anp rEGULATION.—No power plants above station with sufficient storage
to cause noticeable variations in the flow.

Accuracy.—Stage-discharge relation practically permanent during the year except
as affected by ice. Rating curve fairly well defined between 400 and 9,000
second-feet. Gage read to hali-tenths twice daily. Daily discharge ascertained
by applying mean daily gage height to rating table except for period in which
stage-discharge relation was affected by ice, for which it was obtained by apply-
ing to rating table daily gage height corrected for effect of ice by means of dis-
charge measurements, observer’s notes, and weather records. Open-water rec-
ords good; winter records fair.

Discharge measurements of Red River at Grand Forks, N. Dak., during the year ending
Sept. 30,°1917.

Gage Dis- Gage | Dis-
Date. Made by- height. | charge. Date. Made by height. | charge.
Feet. | Sec.-fi. Feet. | Sec.-ft.
Dec. 22 | Chandler and Dale..... T 8.00 1,280 Mgr 16 | Wardwell and Dale.. 20.48 | 10,600
Jan. 18 | Wardwelland Dale....| 8.16 1,260 y Wardwelland Hulteng 14.48 5,990
Feb. 24 . ... [+ 1 S 7.34 850 || July 11 Chandler and Hulteng..|] 6.11 1,410
Mar, 19 |..... T 7.83 1,000
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Daily discharge, in secondfeet, of Red River at Grand Forks, N. Dak., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,940 | 2,440 | 1,390 | 1,050 | 920 [11,400 | 6,780 | 2,780 | 1,520 | 824 | 446
2,940 | 2,340 | 1,300 ; 1,030 934 113,200 | 6,630 | 2,720 | 1,480 789 420
2,040 | 2,280 | 1,260 | 1,010 | 950 (14,800 | 6, 2,610 | 1,440 | 754
3,000 | 2,280 | 1,300 { 1,010 960 (16,800 | 6,700 | 2,560 | 1,340 720 395
3,060 | 2,340 | 1,300 | 1,010 | 972 (19,000 | 6, 2,500 | 1,300 420
3,060 | 2,340 | 1,260 | 1,010 990 119,700 | 6,630 | 2,450 | 1,390 687
3,060 | 2,340 | 1,210 | 1,010 | 1,010 (19,400 | 6,490 | 2,450 { 1,440 687 420
3,060 | 2,280 | 1,170 | 1,010 | 1,030 [20, 6, 2,390 | 1,300 | 654 | 446
3,060 | 2,220 | 1,190 1,050 [17,300 | 6,000 | 2,340 | 1,340 | 654 446
3,000 | 2,170 } 1,210 934 | 1,080 (16,100 | 5,860 | 2,280 | 1,340 446
2,880 | 2,070 { 1,220 | 900 | 1,100 (15,200 | 5,650 | 2,280 | 1,300 | 622 420
2,830 | 1,970 { 1,240 { 860 { 1,130 (14,400 ( 5,380 | 2,220 | 1,300 | 622| 446
2,780 | 1,870 | 1,260 | 880 | 1,090 {13,400 | 5,050 | 2,280 | 1,300 | 622 | 473
2,660 | 1, 1, 900 | 1,090 {12,300 | 4,790 | 2,280 | 1,300 | 591 473
2,500 | 1,670 | 1,260 920 | 1,090 |11,400 | 4, 2,220 | 1,260 591 473
2,390 | 1,570 | 1,260 934 | 1,090 (10,700 | 4,460 | 2,170 | 1,260 591 473
2,500 | 1, 1,280 | 930 | 1,130 | 9,940 | 4,340 | 2,170 | 1,170 | 501 501
2,610 | 1,460 | 1,300 920 | 1,090 | 9,260 | 4,140 | 2,120 | 1,130 591 501
2,720 | 1,460 | 1,260 | 900 | 1, 8,440 | 4,020] 2,120 | 1, 591 501
2,720 | 1,440 | 1,210 | 897 | 1,130 | 7,900 | 3, 2,170 | 1,050 | 560 | 530
2,780 11,370 { 1,190 | 880 {1,170 | 7,680 | 3,810 | 2,120 | 1,050 | 530 591
2,720 1 1,300 | 1,170 | 870 { 1,210 | 7,520 | 3,720 2,070 | 1,010 754
2,720 | 1,340 | 1,170 | 860 { 1,260 | 7,300 | 3,600 | 2,020 [ 1,010 | 501
2,720 | 1,340 | 1,170 824 11,340 | 7,150 | 3,540 | 1,970 972 501 897
2,660 | 1,340 | 1,170 84011, 7,150 | 3,420 | 1,870 | 1,010 501 897
2,610 | 1,390 | 1,170 | 860 | 1,770 | 7,000 | 3,360 | 1,820 | 1,010 | 501 | 897
2,560 1,390 | 1,170 | 880 | 2, 6,850 | 3,300 [ 1,770 | 897 | 473| 780
2, 500 3,240 | 1,720 | 897| 473 720
2, 560 3,120 1,670 | 860| 473| 687
2,500 6 2,940 | 1, 860| 473| 687
....... 2,830 |unen..| 824| 473 |.......

Note.—Stage-discharge relation affected by ice Nov. 11 to Apr. 17.
Monthly discharge of Red River at Grand Forks, N. Dak., for the year ending Sept. 80, 1917.

Discharge in second-feet. Run-off
Month. (totalin
Maximum. | Minimum.| Mean, | 3¢% feet).

[0 o 3,480 2,720 3,050 188, 000
November. 3,060 2,390 2,770 165,000
December.. 2,440 1,300 1,780 109, 000
JANUATY e neeee it ceeeaaaaan 1,390 1,050 1,220 75,000
February. oo eeeeeenaenan . 1,050 824 929 51,600
March. .. ...l 8,760 920 1,760 |. 108,000
April. 20, 200 6,700 | 11,700 696, 000
3 2 6,780 2,830 4,780 294, 000
TUD . < o e oo e 2,780 1,620 2,190 130,000
L 3 PSPPI 1,520 824 1,180 72,600
August.... oI 824 473 597 36, 700
LY 2 1T R 897 395 562 33,300
The FOAT.. . oonnooem e e eeeeeaeeemeaeeanaens 20, 200 395 2,710 | 1,960,000

MUSTINEA RIVER ABOVE WHEATON, MINN.

LocaTioN.—On line between secs. 7 and 8, T. 127 N., R. 46 W., 1 mile upstream
from Chicago, Milwaukee & St. Paul Railway crossing, 13 miles northeast of
‘Wheaton, Traverse County, and 8 miles above Lake Traverse,into which the river
discharges. ’

DraiNnacE AREA.—About 900 square miles.

Rrecorps Avamasie.—March 23 to September 30, 1917, when station was discon-
tinued. June 7 to November 30, 1916, at point about 3% miles farther down-
stream.
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Gage.—Chain gage attached to bridge; read by Henry Heggen.

. Di1scEARGE MEASUREMENTS.—Made from Chicago, Milwaukee & St. Paul Railway
bridge 1 mile downstream from gage, or from highway bridge just below railway
bridge.

CHANNEL AND coNTROL.—Bed composed of clay and silt. Control not well defined.
Slope of river from station to Lake Traverse.is so slight that the stage-discharge
relation may possibly be affected by changes in the stage of the lake.

EXTREMES OF DISCHARGE.—Maximum stage during period, 14.7 feet at 6 p. m. April
1 (discharge, about 2,340 second-feet); minimum stage, 1.16 feet August 30, Sep-
tember 1, 4, and 5 (discharge, about 1 second-foot).

Accuracy.—Stage-discharge relation probably permsnent. Rating curve fairly well
defined below 2,500 second-feet. Gage read to hundredths twice daily. Daily
discharge ascertained by applying mean daily gage height to rating table. Rec-
ords fair.

Discharge measurements of Mustinka River above WMatM, Minn., during the year ending
Sept. 30, 1917.

Ga; Dis- Gage | Dis-
Date. Made by heigﬁ. charge. || Date- Made by- height. | charge.
Feet. | Sec.ft.
Oct. 1l4af 8. B. Soulé 2.24 31 || Apr.
14q] - A 32
Mar. 31 - 1,780 12
31 d 14.24 1,860 || Sept. 2t
Apr. 1| 8S.B.S0uléeerueonn-n-.. 14.64 | 2,300 21

& Measurement made at site of old gaging station ¢ Mustinka near Wheaton’’ about 3} miles downstream
from present gage.

Daily discharge, in second-feet, of Mustinka River above Wheaton, ..Minn., Jor the year
ending Sept. 30, 1917.

Day. Mar. | Apr. | May. | June. | July. { Aug. | Sept.
460 28 9 2 1

446 21 7 3 1

404 23 4 3 1

348 20 4 3 1

307 20 4 2 1

270 24 4 2 2

246 27 3 2| 2

222 30 3 2 2

210 30 3 2 2

188 28 3 2 1

........ 178 27 3 2 1
........ 159 22 2 2 2
........ 210 28 6 2 2
........ 137 24 4 2 2
........ 125 21 3 2 2
........ 117 17 3 3 2
........ 101 14 3 2 2
......... 93 11 3 2 2
........ 82 9 3 2 3
........ 79 8 2 2 2
........ 76 7 2 1 2
........ 768 71 8 2 1 2
89 614 68 9 2 1 2
125 530 58 10 2 1 2
294 516 52 11 2 1 3
446 530 43 | 10 2 2 3
586 474 44 10 2 2 3
866 418 40 10 1 1 3
964 404 36 8 1 1 3
1,550 446 32 9 2 i 3
1,840 [--eeonn- 28 [eeuannes 3 1],
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Monihly discharge of Mustinka River above W';keam, Minn., for the year ending Sept. 80,
1917.

(Drainage area, 900 square miles.]

Discharge in second-feet. Run-off

depth in

Month. Per inches on

Maximum, | Minimum. | Mean, | square dra:isgge

mile., *

1,840 89| 751 0.834 0.28

0 334 626 .696 .78

460 28 159 177 .20

30 7 17.7 .020 .02
9 1 3.13 . 0035 . 004
3 1 1.84 . 0020 .002
3 i 2.00 .0022 002

WILD RICE RIVER AT TWIN VALLEY, MINN.

Locatton.—In SW. § sec. 22, T. 144 N., R. 44 W, at highway bridge at Twin Valley,
Norman County, 2 miles above a small tributary which enters from the right at
Heiberg.

DrAINAGE AREA.—805 square miles.

RECORDS AvamLABLE.—June 30, 1909, to September 30, 1917, when station was dis-
continued.

GAG?.—VeI’tiCal staff gage attached to pier of bridge, at left bank; read by Axel
ohnson.

DiscHARGE MEASUREMENTS.—Made from the bridge by wading.

CHANNEL AND coNTROL.—Omne channel at all stages; bed composed of sand and silt.
Control not well defined. Right bank high and wooded; left bank will be over-
flowed to some extent at stage of 12 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 7.2 feet April 3 (discharge,
about 622 second-feet); minimum stage recorded, 4.48 feet, August 27 (discharge,
14 second-feet).

1909-1917: Maximum stage recorded, 20.0 feet at 7 a. m. July 22, 1909 (discharge,
about 9,200 second feet); minimum open-water discharge 12 second-feet August
31 and September 1, 1913; minimum winter discharge measured by current meter,
10 second-feet February 5, 1913; the absolute minimum was probably less than
this amount.

Ice.—Stage-discharge relation seriously affected by ice.

ReeuraTion.—Discharge affected by storage created by dams at the IOWer end of
Lower Rice Lake, and at the outlet of Twin Lakes.

Accuracy.—Stage-discharge relation not permanent; change occurred probably
during spring when ice left the river. Rating curve used October 1 to April 1
well defined between 37 and 2,290 second-feet; curve used April 2 to September
30 well defined between 20 and 3,400 second-feet. Gage read to half-tenths twice
daily, except November 21 to March 23, when it was read once weekly. Daily
discharge ascertained by applying mean daily gage height to rating table, except
during period when stage-discharge was affected by ice, for which it was obtained
by applying to rating table a weekly gage height corrected for effect of ice by
means of discharge measurements, observer’s notes and weather records. Open-
water records good; winter records fair.
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PART V.

Discharge w.easurements of Wild Rice River at Twin Valley, Minn., during the year ending '

Sept. 30, 1917.

Dote. | Matovy— |0 | Dix | pae | waeny | Gogm | D
Feet, | Sec.-fi. Sec.-ft.

Oct. 16 | L. B. Dale............. 5.42 162 || Aug. 1 30

Jan., 2¢| T.M. Wardwell 5.70 55 1 32
Feb. 1lef..... do. 5.10 44 1 31
Mar. 17q|..... do. 5.80 48 2 21
Apr. 2af..... L 14 PO 7.25 647 2 24

a Tee on control.

Daily discharge, in second-feet, of Wild Rice River near Twin Valley, Minn., for the year

ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
157 | 143 530 [ 344 139 62 29 90
147 136 560 358 128 55 25 90
147 128 622 331 101 55 24 90
157 128 530 318 101 59 26 85
157 128 560 305 93 49 26 85

100 70 40
157 128 560 280 114 48 29 85
163 128 591 280 69 48 29 80
167 138 500 280 69 69 29 k4
167 138 471 256 74 59 25 ki
167 147 442 244 80 55 26 77
157 119 442 233 85 55 26 | 77
157 94 385 221 83 55 19 69
147 87 358 210 83 48 19 55
157 9 331 199 85 54 19 31
147 138 331 199 80 48 19 26
85 65 40 45
157 119 . 331 199 7 49 15 28
147 110 331 199 62 48 19 29
147 110 331 188 85 48 24 19
147 102 358 188 90 45 17 29
143 102 385 163 85 45 19 29
128 50 399 147 80 41 19 26
128 60 385 137 74 43 19 26
128 70 358 124 65 45 19 26
147 110 358 143 77 35 19 29
147 .210 358 165 69 35 19 29
90 55 45
138 331 344 167 69 35 14 29
138 188 344 167 69 35 14 33
138 280 344 167 65 35 14 33
138 358 344 151 65 33 7 33
138 413 344 143 62 29 77 33
138 [ccnennn 530 |....... 187 |oacnnes 29 80 Jeunenn.

Note.—Stage-discharge relation affected by ice Nov. 14 to Apr.1. Braced figures show mean dis-

charge for period indicated.

Monthly dwcharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the year

ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.
[ 74) - PPN 148
November..... 111
December. . .... 79.2
January........ 59.5
February....... 40.0
March.......... 111
April....oooao.t 418
BY erenennnnans 214
June........... 82.6
July..eeevnaconn 46.9
August......... 26.9
September 50.8
The year 116




HUDSON BAY DRAINAGE BASINS. 31

DEVILS LAKE NEAR DEVILS LAKE, N.DAK.

LocArioN.—At biologic station of University of North Dakota, near Devils Lake, in
Ramsey County, 6 miles southwest of city of Devils Lake.

DraiNAGE AREA.—The theoretical drainage area of the lake is about 3,700 square
miles. In years of ordinary rainfall water reaches the lake from only a small
part of this area, most of which drains into local depressions and small lakelets,
where the water remains until itis lost by evaporation. In 1880 the length of
Devils Lake was 35 miles and its area about 120 square miles, but its present
area is probably less than 60 square miles.

RECORDS AVAILABLE.—June 8, 1901, to September 30, 1917 (fragmentary).

Gage.—Staff gage on pier at the biologic station. Zero of gage, 1,393.3 feet above
sea level. Previous to 1916 staff gages were placed at convenient points on piers, '
but it has been necessary to renew them occasionally, sometimes every year,
owing to damage caused byice during thespring break-up. Thesegages have been
reset as near to the correct datum as possible, often by the use of a carpenter’s
level. Occasionally errors of 0.1 foot in the records have been discovered when
accurate checks were made, but no larger errors are likely to occur. The gage is
read occasionally by employees of the biologic station.

Recurarion.—The lake has no outlet. The stage of the lake shows the relation
between evaporation from the lake surface and the inflow from the surrounding
country and gives an indication whether the run-off has been affected by the
settlement of the drainage area and cultivation of the land surface.

CooPERATION.—Records are furnished by the North Dakota Biological Survey.

Gage height of Devils Lake near Devils Lake, N. Dak., during the year ending Sept. 30, 1917.

G Gage G
Date. helght. Date. helght. Dato. height.
Feet. Feet. Feet,
7.12 || Aug.6... ] 822 Sept.10. . ceeennne.... 5.71
(@) 9... 6.19
7.07 30, 5.91

e About 6.9 feet. )
RED LAKE RIVER AT THIEF RIVER FALLS, MINN,

LocatioN.—In sec. 33, T. 154 N., R. 43 W., one-third mile below dam at Thief River
Falls, Pennington County, and 1 mile below mouth of Thief River, which comes
in from theright.

DrAINAGE ARFA.—3,430 square miles.

Recorps avamasrLe.—July 2, 1909, to September 30, 1917.

Gace.—Inclined staff gage located on right bank; read by Dedrick Knutson.

DiscHARGE MEASUREMENTS.—Made from cable neat gage.

CHANNEL AND CONTROL.—Gravel; practically permanent.

EXTREMES OF DISCHARGE.—Maximum open-water stage recorded, 10. 6 feet April 10
(discharge,, 5,060 second-feet); minimum open-water siage recorded, 3.61 feet
August 26 (discharge, 99 second-feet); minimum discharge estimated at 97 second-
feet December 11, when river was frozen over.

1909-1917: Maximum open-water stage recorded, 12.2 feet, April 19-21, 1916
(discharge, 7,040 second-feet); minimum discharge recorded, zero, July 17 and
August 27, 1911.

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTion.—A short distance above the station is a dam owned by the Hansen &
Barzen Milling Co. and the city lighting plant. The variation in load on the tur-
bines, due to the operation of the lighting plant (at night) and of the mill (chiefly
during the day), caused fluctuations in the river at the gage.
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Accuracy.—Stage-discharge relation fairly permanent. Rating curve well devel-
oped between 19 and 5,600 second-feet. Gage read to half-tenths once daily.
Daily discharge ascertained by applying daily gage height to rating table except
for period when stage-discharge relation was affected by ice, for which it was
obtained by applying to rating table daily gage height corrected for effect of ice
by means of discharge measurements, observer’s notes, and weather records.
Open-water records good except on certain days when diurnal fluctuation was
such that one reading would not give mean for day; winter records fair.

Discharge measurements of Red Lake River at Thief River Falls, Minn., durirg the year
ending Sept. 30, 1917.

Date. Made by— Porg® | o, || Date. Made by— Do, | chamse
Feet. Sec.éﬂ. Feet. | Sec.-ft.
Dec. 31a] 1.M. Wardwell........ 6.35 46 [|Apr. 1 6.11 889
Feb. 11a| L. B. Dale............. 5.89 410 5 6. 84 1,660
Mar. 18af.....d0......... cesvesed) 5.98 446 || June 19 5.21 610
Apr. 1 | T. M. Wardwell........ 6.25 875 |} Sept. 6 4. 293

a Stage-discharge relation affected by ice.

Daily discharge, in second-fect, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
516 393 3567 472 890 | 1,430 790 582 412 159
538 431 290 472 940 1 1,360 790 605 306 258
538 323 357 472 995 | 1,300 765 538 274 258
605 323 3567 472 {1, 1, 765 515 274 133
538 290 323 472 11,720 | 1,230 765 560 186 186
538 258|. 323| 560)2,110(1,300( 765 538| 274 159
515 258 290 605 | 1,950 { 1,230 790 515 242 133
4721 290| 323| 605(3,700|1,300| 765| 452 186 258
605 | 290| 323| 560|4,000|1,230| 740| 472 274 186
605 323| 357| 605|5,060|1,110| 718| 494 266 212

97 323 323 605 | 4,500 1 1,110 695 515 258 290
560 290 393 605 | 4,610 | 1,050 718 452 186 323
605 323 431 605 | 4,610 | 1,050 628 452 274 258
650 290 431 605 | 4,200 995 538 340 242 186
650 | 200| 472| 650 3,600 515 | 452 | 242 212
560 740 [ 2,820 | 970 560 | 472 186 227
650 650 | 2,460 | 94 628 | 472| 186 242
740 393 | 2,280 840 605 340 212 258
740 47212,280( 840| 6501 357( 212 212
740 740 [ 2,280 ] 940 560 472 212 242
740 890 | 2,110 995 560 412 186 274
472 695 11,870 | 9401 582 412 242 242
393 840 | 1,720 940 605 375 186 212
375 840 | 1,570 890 560 357 186 186
357 740 11,640 [ 890| 605 375| 142 242
382 695 | 1,670 | 890) 605] 357 99 186
408 ,640 560 | 340| 133 212
431 790 11,640 | 840| 560! 323( 186 186
418 7401 1,500 | 840| 605| 323| 133 1
406 1,430 840 593 290 212 212
393 940 1....oo.l 790 ]......] 357 306 .......

NotE.—Stage-discharge relation affected by ice Nov. 13 to Apr.5. Gage not read, discharge interpolated
Oct.20, Apr. 19, May 16, 27, June 13, 22, 30, Aug. 10, 25, Sept. 16 and 29,
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Monthly discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 80, 1917,

Month Maximum. | Minimum,.| Mean
1,570 790 1,040
1,300 290 3

740 97 524

431 258 300

472 290 389

040 393 647
5,060 890 2,440
1,430 790 1,040

790 515

605 290 436

412 99

290 133 218
5,060 97 725

RED LAKE RIVER AT CROOKSTON, MINN.

LocatioN.—In sec. 31, T. 150 N., R. 46 W., at new Sampson’s Addition highway
bridge in Crookston, Polk County, a quarter of a mile below dam and power
house of Crookston Waterworks Power & Light Co.’s plant. No tributaries enter
for several miles.

DRAINAGE AREA.—5,320 square miles.

RECORDS AVAILABLE.—May 19, 1901, to September 30, 1917.

GaeE.—Barret & Lawrence water-stage recorder on right abutment of bridge; installed
in September, 1911; replaced chain gage attached to bridge July 1, 1909; both
gages at same datum. Prior to July 1, 1909, gage was on old Sampson’s Addition
bridge, about 300 feet farther upstream; this gage read the same as the present
one at ordinary stages. Gage inspected by Roy Lundahl.

DiscHARGE MEASUREMENTS.—Made from steel highway bridge at gage section.

CHANNEL AND coNTROL.—Control not well defined ; one channel at all stages; slightly
shifting. .

ExTREMES oF DISCHARGE.—Maximum mean daily stage during year, from water-
stage recorder, 11.9 feet April 11 (discharge, estimated because of ice at control,
about 5,320 second-feet); minimum mean daily stage, from water-stage recorder,
2.39 feet August 30 (discharge, 78 second-feet).

1901-1917: Maximum mean daily stage recorded, 21.5 feet April 17, 1916 (dis-
charge, 14,400 second-feet). A minimum discharge of 10 second-feet was recorded
by discharge measurement made January 27, 1912. The flow is controlled to
such an extent that the minimum recorded discharge has no bearing on the

_ minimum natural flow.

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTiON.—Considerable diurnal fluctuation at the gage is caused by the operation
of the power plant immediately above the station. The plant has little storage,
so that the mean monthly flow should represent nearly the natural flow.

Accuracy.—Stage-discharge relation fairly permanent throughout the year. Rating
curve used well developed between 100 and 10,000 second-feet. Operation of
water-stage recorder satisfactory throughout year except during extremely cold
weather when records are fragmentary; during such periods readings from chain
gage were taken. Daily discharge obtained by applying to rating table mean
daily gage height obtained by planimeter from the gage-height graph except for
winter period for which it was obtained by applying to the rating table the mean
daily gage height corrected for effect of ice by means of discharge measurements,
observer’s notes, and weather records. Open-water records excellent; winter
records subject to error.

96719°—19—wsp 455——3
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Discharge measurements of Red Lake
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River at Crookston, Minn., during the year ending

Sept. 80, 1917.

Date. Made by— hgiz%ﬁ;. chu sirsg.e. Date. Made by— hgia e clg;sg.e.
Feet. | Sec.ft
Mar. 172 5. 450
Apr. 2a 10.50 3,060
July 9 407 647
Aug. 2 3.22 304
a Ice at control.

Daily discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year ending

Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
540 | 570 | 421 | 540 2,900 1,880 {1,050 [ 740| 324 95

620 | 560| 421 540|2,830/(1,80(1,050] 740| 303 104

700 | 550 | 620 540 2,760 1,760 |1,000| 740] 278 119

700 | 540 | 415 | 540 2,620 | 1,880 | 1,000 | 740{ 206 126

820 421 | 210| 540 2,900 1,880 |1,000| 740 314 139

820| 421| 335| 500(3,750|1,820]1,000| 700| 328 149

820 | 540| 460 460 4,070 |1,820] "955{ 700| 324 144

820 | 660| 310| 421 4,201,820 955 700| 317 142

85| 780| 350 | 421 4,720{1,690! 955| 700| 310 136

865 | 560 | 383 | 421 4,980 |1,560| 955 700( 310 132

660 | 346 | 400 480(5,320]1,560] 910| 700] 306 119

670 | 310| 421 | 540(4,310)1,500) 910f 700| 296 112

670 | 2751 460 | 6204,310]1,500( 910{ 700| 296 100

680 | 200{ 430| 780[4,390|1,440( 910| 700| 300 100

680 | 3810 310 | 700|4,390 1,380 910| 700| 303 104

680 | 330! 38| 5801!4,070|1,320) 910| 700| 310 119

690 { 3464 420 | 460(3,910(1,320| 85| 740 321 132

600 | 346( 460 5803,670)1,320f 820| 740| 328 144

700| 260| 500 700)3,200}1,320| 780| 700 817 156

660| 180| 480 | 660(3,120|1,260| 780| 700| 324 177

3 D 910 | 820 421 740 | 2,980 1 1,260 | 780 | 660| 348 188
22 i 910 | 740 383 740 | 2,830 [ 1,200 780 | 620 346 195
b S, 955 | 740 152 740 | 2,690 | 1,200 780 | 600| 332 213
2 iian. 1,000 660 250 820 | 2,550 [ 1,200 | 780 | 580 | 272 236
- S 955 | 660 340 780 | 2,480 [ 1,200 | 780 | 560 ) 228 239
26 eennnnn.. 1,000 | 620 430 1,000 | 2,340 | 1,200 780| 540 183 239
b7 SO, 955 | 540 520 1,050 | 2,280 | 1,150 | 780 | 500 | 163 239
D S 1,050 | 620 620 1,100 | 2,280 { 1,100 780 | 460 | 142 239
29 el 1,150 | 660 | 610 1,200 ) 2,280 | 1,100 780 | 421 112 239
30 ,200 [ 620| 600 ,500 | 2,280 | 1,050 | 740 | 387 78 239
E:3 DO 1,260 |....... 590 2,140 |.......[ 1,050 |....... 353 84 |...... .

Nore.—Stage-discharge relation affected by ice Nov. 14 to Apr. 16. Gage not in operation Oct. 1; dis-

charge estimated.

Monthly discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year
ending Sept. 30, 1917.

Month. Maximum. | Minimun. | Mean.
1,380 865 1,090
1,440 328 871

865 152 621
780 152 387
620 210 430
2,140 421 737
5,320 2,280 3,400
1,880 1,050 1,440
1,050 740 880
740 353 644
346 78 274
239 95 160
5,320 78 010
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THIEF RIVER NEAR THIEF RIVER FALLS, MINR.

LocatioNn.—In sec. 8, T. 154 N., R. 43 W., at Drybrook ford, Pennington County, 5
miles north of Thief River Falls. Nearest tributary, outlet of Mud Lake, which
enters in northeastern part of T. 156 N., R. 42 W.

DRAINAGE AREA.—1,010 square miles.

Recorps aAvamaBie.—July 1, 1909, to September 30, 1917, when station was dis-
continued. .

Gace.—Chain gage installed August 26, 1915, on cantilever timber fastened to a
tree on right bank. Inclined staff gage, installed September 4, 1913, to replace
old inclined staff gage, which was set at incorrect gage datum, was used until
August 26, 1915. Gage read by T. H. Risteigen.

DiscrarRGE MEASUREMENTS.—Made from steel highway bridge 1,000 feet below the
gage; at low stages made by wading near the gage.

CHANNEL AND coNTROL.—Heavy gravel and boulders; nearly permanent; one
channel at all stages. Banks high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 12.6 feet April
11 (discharge, 2,550 second-feet); minimum stage 3.63 feet August 25 (discharge
0.5 second-foot).

1909-1917: Maximum stage recorded, 14.5 feet, April 23, 1916 (discharge, 4,080
gecond-feet); no flow in October, Nevember, and December, 1910, January,
February, and December, 1911, January and February, 1912, and February, 1916.

REcULATION.—Dam at Thief River Falls at the mouth of Thief River, backs up the
water in Thief River for several miles, but station is protected from influence of
dam by rapids below.

Accuracy.—Stage-discharge relation nearly permanent. Rating curve well defined
between 0.1 second-feet and 3,800 second-feet. Gage read to hundredths twice
a day. Daily discharge ascertained by applying mean daily gage heights to
rating table, except during period when stage-discharge relation was affected
by ice, for which period it was obtained by applying to rating table occasional
gage height corrected for ice effect by means of discharge measurements, observer’s
notes and weather records. Open-water records excellent except those for
discharge below 10 second-feet which are subject to error; winter records subject
to error.

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1917.

Date. Made by— hgiaéhet. cl?airze. Date. Made by— hm- chDa.Ee.
Feet. | Sec.-ft. Feet. | Secft.
Deec. 30 | T. M. Wardwell........ 4.68 1.5 | Apr. 6| T. M. Wardwell........ 9.77 845,
Feb. 10| L.B.Dale............. 3.54 1.4 {| June 19 | E. F. Chandler......... 4.61 32.
Mar. 17 |..... do..oolllll 4.05 0.7 {| Sept. 6 |.-... s [ T 3.81 1.6
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Daily discharge, in second-feet, of Thief River near Thief River Fulls, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept
244 | 185 26 32| 322 37 29! & 0.7
244 | 187 26 32 295 37 2| 4 0.9
221 182 2 35| 282 37 2l 4 1
22| 182 26 32| 256 36 27| 4 2
20| 182 25 126 | 244 36 32| 4 2
2081 182 25 40| 21 37| 4 2
208 | 182 25 J1,3701 219 35 0] 4 2
196 | 178 25 1,210 | 219 35 8] ¢ 1
1911 178 20 1,410 | 207 34 34| 4 1
169 173 20 2,020 | 183 34 31| 4 2
155 14 2,550 | 150 35 26| 4 2
155 | 151 14 1,970 | 109 42 22| 3 1
134 130 10 211,740 86 51 21| 2 1
134 | 12 10 1, 660 7 52 2| 2 1
1 116 10 3 1,370 72 49 20| 1 1
122 18] 1w} 5 voo!| es| 47| 18] .8| 2
116 97 13 920 65 41 14 7 2
18 108 87 16 65 36 12 .6 2
. 86 79 16 780 65 28 10 .6 2
20 6 68 4 710 63 15 10 -6 3
3 EOT 90 61 675 62 19 9 .6 4
22 .. 99 50 572 58 20 9 .6 5
23.. 108 43 538 54 21 9 .6 6
24.. 112 38 472 51 20 9 .8 7
25.. 126 31 456 48 21 9 5l .8
b 140 2 3 31 440 46 23 8 .6 9
7 SO 112 23 6| 409 44 24 8 .6 9
28.. 134 23 10| 379 40 2 8 .6 9
29l llll. 166 a1 |-...... 14| 364 39 29 8 .6 9
£ A, 180 29  f |aas 251 350 39 29 7 .6 9
Bleiiiiieaan 7 TR | R | R O 25 ..enn.. 37 |eceannn 7 I A PR

Nore.—Stage-discharge relation affected by ice Nov. 11 to Apr. 13. Gg%g not read Sept. 16-19, 21-25,
27-30, discharge estimated. Braced figures siymw mean discharge for period included.

Monthly discharge, in second-feet, of Thief River near Thief River Falls, Minn., for the
’ year ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.

The year....... e et et eietieceaiaiacans 2,550 .5 108

CLEARWATER RIVER AT RED LAKE FALLS, MINN.

Locarion.—In sec. 22 T. 151 N., R. 44 W., at Great Northern Railway bridge at
Red Lake Falls, Red Lake County, about 1} miles above mouth and 2 miles
below nearest tributary, a stream coming in from the left.

DRAINAGE AREA.—1,310 square miles,

REecorps AvAmABLE.—June 18, 1909, to September 30, 1917, when station was dis-
continued.

Gaee.—Combination vertical and inclined staff gage, installed September 12, 1911,
about half a mile downstream from original gage, as the building of a dam caused
several feet of backwater at the old section. New gage set to read 2.23 feet when
the original gage read 5.83 feet. Gage read by Leo Steinert.

DiscEARGE MEASUREMENTS.—Made from Great Northern Railway bridge or by wad-
ing about 300 feet below gage.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; smooth. Control nearly
permanent. Two channels at low stages, united at high stages, Banks high,
wooded and not subject to overflow.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.4 feet April 11
(discharge, 1,080 second-feet); minimum stage recorded, 1.84 feet, August 21
(discharge 42 second-feet).

1909-1917: Maximum discharge recorded 3,990 second-feet, April 15 and 16,
1916; minimum discharge 20 second-feet, July 4, 1911.

Ice.—Stage-discharge relation seriously affected by ice.

Rrauration.—At low stages flow is affected by the Steinert dam, 600 feet above the
gage. The storage at this plant is small and only a slight diurnal fluctuation is
observable at gage.

Accuracy.—Stage-discharge relation fairly permanent. Rating curve well defined
between 63 and 1,160 second-feet and fairly well defined between 1,160 and 3,550
second-feet. Gage read to tenths twice a day. Daily discharge ascertained by
applying mean daily gage height to rating curve, except during period when
stage-discharge relation was affected by ice, for which it was ascertained by
applying to rating table daily or weekly gage height corrected for effect of ice
by means of discharge measurements, observer’s notes, and weather records.
Open-water records good except those for extreme low stages which are fair;
winter records subject to error.

Discharge measurements of Clearwater River at Red Lake Falls, Minn., during the year
ending Sept. 30, 1917.

.

b | vy [, Dl

Feet, | Sec.-ft.

Dec. 30a Aug. 3 2.27 85

Feb. 129 31.... 2.13 66

Mar. 16a Sept. 17 d 2.22 82

Apr. 49| 17 2.12 63
Aug. 3

a Tce at control.

Daily discharge, in second-feet, of Clearwater River at Red Lake Falls, Minn., for the
year ending Sept. 30, 1917.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

291 99| 72| 6 55
5
0 "4 ol el e e 62
81| 9| 72| e 67
a1l e 71| e 7
51| s4] a1| 62 72
29| 84| sa| 72 72
1,000| 219y sa| 72| w2 62
nooo| 209 o1 sl 72 67

65 068 219 99 84 72 62

70 w| 1] sa| 2| 7| 6

6013 70 ss6| 2:1] 720 er| e1| e
59| 21| 72| e| e| w

50| 219] stf 62| 48| s

48| 13| sa| 85| 48| =4

70 425 | 116 67 51

GRERERE BERES &
&

HSBRNY REBN

Nore —-Stage-discharge relation affected by ice Nov. 12 to Apr. 10. Braced figures show mean dis-
charge for period included.
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Monthly discharge, in second-feet, of Clearwater River, at Red Lake Falls, Minn., for
e year ending Sept. 30, 1917,

Month. Maximum.| Minimum,| Mean.

[ o] - 142 72 106
ING 31117 S PRPPPPTPEI B - ) 1 ORI 63.9
B LT 4 o Y PRSP PR 57.1
January.. 70.9
FPebruary. 70.0

March. .. 109

April. 625

: 214
June. 85.7
July.. 66.6
August 58.0
September. 70.0

The year 133

ROSEAU RIVER AT CARIBOU, MINN.

Location.—In sec. 34, T. 164 N., R. 46 W., at steel highway bridge in Caribou,
Kittson County, 1 mile south of international boundary and 3 miles upstream
from crossing of boundary line by river.

DRAINAGE AREA.—1,340 square miles.

REecorps AvAILABLE.—April 1 to October 6, 1917, when station was discontinued.

Gaer.—Chain gage fastened to downstream handrail of bridge, 60 feet from left abut-
ment; read by James A. McKibbin.

DiscHARGE MEASUREMENTS.—Made from highway bridge.

CHANNEL AND coNTROL.—Channel is artificial, of trapezoidal cross-section, about 100
feet wide and 10 feet deep. Bed composed of hardpan, with few scattered large
boulders. Stage of zero flow, bottom of channel, gage height about 3.0 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period, 9.4 feet April
17 and 18 (discharge, 1,370 second-feet); minimum stage, 3.15 feet September 29
(discharge, about 4 second-feet).

Icr.—Stage-discharge relation seriously affected by ice.

Diversions.—No diversions involving storage or loss of water. A channel about 33
miles long was dredged some years ago from a point about 4 miles above the sta-
tion to a point 1 mile below. At a stage of about 6.0 feet water flows in this
channel and must be measured and included in all measurements of main channel.

ReeuraTion.—None.

Accuracy.—Stage-discharge relation probably permanent. Rating curve, based on
two discharge measurements and by use of Kutter formula, only fairly well defined
between 5 and 1,200 second-feet. - Daily discharge ascertained by applying mean
daily gage height to rating table, except during period when stage-discharge
relation was affected by ice, for which it was obtained by applying to rating table
mean daily gage height corrected for effect of ice by means of discharge meas-
urements, observer’s notes, and weather records. Records fair.

Discharge measurements of Roseau River at Cartbow, Minn., during the year ending
Sept. 80, 1917.

Date. Made by— Gage | is || Date. Made by— poage chlgirsg'e_
Feet. | Secft. Feet. Soc.-{l.

Apr. 92 | T.M. Wardwell........ 7.30 336 || Apr. 28 | T. M. Wardwell........ 7.96 79
10e |..... s 1 7.97 396 || Sept. 5 | E. F.Chandler......... 3.30 9

a Ice at control.
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Daily discharge, in second-feet, of Roseau River af C’anbou, Minn., for the period Apr. 1
to Oct. 6, 1917.

Day. Apr. | May. | June. { July. | Aug. | Sept. { Oct.
88 27
94 24
100 24
88 24
88 24
100 24
82 20
76 20
76 17
72 17
72 17
65 20
60 20
60 24
54 24
54 24
54 27
49 27
44 20
44 12
40 6
40 9
35 7
31 6
27 6
27 6
27 6
31 6
31 9
27 14
27 20

Note.—Stage-discharge relation affected by ice Apr. 1~14.

Monthly discharge, in second-feet, of Roseau River at Caribou, Minn., for the year ending
Sept. 80, 1917.

Month. Maximum. | Minimum. | Mean.
1,370 113 720
1,160 9 460

176 20 60.5

100 27 56.9

27 6 17.1

65 4 17.7

MOUSE RIVER AT MINOT, N. DAK.

LocaTroNn.—At Anne Street footbridge, northeast of Great Northern Railway round-
house at Minot.

DRAINAGE AREA.—8,400 square miles.

RECORDS AvamLABLE.—May 5, 1903, to September 30, 1917.

GAGE.—Vertical staff attached to Anne Street footbridge on pier nearest left bank;
vertical staff for low-stage readings on same bridge on pier nearest right bank.
From 1903 to December, 1909, gage was a vertical staff similarly placed on a foot-
bridge then existing about 20 rods above Anne Street. All gages at same datum.
Gage read by Ephraim Cox.

DiscHARGE MEASUREMENTS.—Made from Anne Street bridge or by wading a few rods
below the dam at the Soo Railway water tank.

CAANNEL AND coNTROL.—Bed composed of clay and silt; nearly permanent. Capac-
ity of channel at high stages changed slightly by artificial structures or encroach-
ments through the city. Control is a 5-foot dam of timbers and loose rock a mile
below the gage, at the Soo Railway water tank; the dam raises the water at the
gage about 3 feet at ordinary low stage, when the water just reaches the crest of
the dam. Some water leaks through the dam, and when the discharge of the
river is less than about 8 second-feet the water level falls below the crest.
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EXTREMES OF DISCHARGE.—Maximum stage during the year, 11.4 feet April 29 (dis-
charge, 1,280 second-feet); minimum stage, 3.0 feet September 28 (discharge,
0.3 second-foot).

1903-1917: Maximum stage recorded, 21.9 feet April 20, 1904 (discharge, 12,000
second-feet); minimum stage, 1.8 feet February 28, 1913 (discharge, 9.1 second-
foot).

Icr.—Stage-discharge relation only slightly affected by ice.

DIVERSIONS AND REGULATION.—None above station, so far as known.

Accuracy.—Stage-discharge relation not permanent; slightly affected by changes in
control and by ice. Rating curve used October 1 to February 28 fairly well
defined; curve used March 1 to September 30 fairly well defined above 30.second-
feet. Gage read to half-tenths once daily. Daily discharge ascertained by
applying daily gage height to rating table. Records good, except for extreme
low stages, which are fair.

Discharge measurements of Mouse River at Minot, N. Dak., during the year ending Sept.
: 80, 1917.

Date. Made by— hgiagii. eh]gisg;.

Feet. Sec.-ft.
7.5

Dec. 28 4,39 f
Apr. 21 9.08 901
July 16 4.66 30.3

Daily discharge, in second-feet, of Mouse River at Minof, N. Dak., for the year ending
- Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
23 1,200 253 13| 0.8
23 1,230 240 104 | 21 .7
26 1,220 240 104! 18 7
2 L2100 2271 96 18 .6
29 150 27| 96| 18 .6
29 1,120 240 96| 16 .6
26 1,120 240 831 16 .6
23 1,140 227 83| 18 .8
23 10| 27| s8| =: .
26 5,190 227 74| 21 .6
29 1,20 214| | 2 6
29 1210 24| 61| 2 6
26 |. 1,180 201 74 24 .6
23 .. 1,080 | 214 74| 24 .6
23 950 253 881 21 .5
2 816 214 4] 16 .5
23 762 176 741 11 .5
26 7221 188 66| 11
26 682 176 56| 11 .4
28 |. 188 45| 11 .4
26 476 188 40 9 .4
23 452 176 36 8 .4
23 400 164 31 8 .4
23 400 153 31 4 .4
26 374 153 36 1.8 .4
26 |. 320 142 36 1.6 .3
26 |. 292 142 31 1.3 .3
26 |. 279 132 28 1.2 .3
26 |. 266 122 28 1.0 .3
26 113 24 0.9 .3
23 253 |....... 24 0.81.......
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The following table shows for each 10-day period during the years ending September
30, 1916 and 1917, the gross evaporation, the total rainfall, and the mean temperatures
for the 10 observations of the water and of the air.

Evaporation observations at University, N. Dak., for years ending Sept. 80, 1916 and 1917.

Mean tem- Mean tem-
perature
Date Evapo-| Rain- CF). Date Evapo- | Rain- CF.
. ration. | fall. 4 ration. | fall.
Wa- Wa- s
ter, | Al ter. Ajr,
|
1915—1918 Inches. | Inches. 1916-1917, Inches. | Inches.
t. 1-10 0.84 0.08 41 42 ]} Oct. 1-10....... 0.79 0.06 51 43
.09 46 48 11-20....... .40 .31 39 38
1.24 11 45 46 - .44 .27 36 36
W77 .64 37 38 || Nov. .50 .00 37 41
.65 .00 50 47 || Apr. .34 .61 45 39
1.27 .72 59 56 || May 1.07 .23 56 48
1.70 52 62 56 2.21 .00 66 58
1.37 .84 64 57 1.75 .00 62 49
1.30 2,17 67 62 Ii June 1.61 .17 54 56
1.37 1.66 78 74 1.87 1.20 58 59
1.90 1.48 80 74 1.99 .58 62 62
2.15 .37 77 73 || July 1.35 2.68 77 64
2.41 1.07 75 70 1.52 .08 76 67
1.68 .59 73 66 2.07 .08 85 75
1.86 1,01 67 60 || Aug. 1.54 .29 64 61
1.59 BT feeael.. 63 1.73 1.20 63 69
1.17 .29 55 52 2.05 .09 63 63
1.00 .33 52 49 || Sept. 1.38 .04 60 52
1 .66 9 60 60
1.26 05 57 55

RAINY LAKE AT RANIER, MINN.

LocaTion.—In sec. 30, T. 71 N., R. 23 W, at foot of Rainy Lake at Ranier, Koochich-
ing County.

RECORDs AVATLABLE.—January 1, 1910, to September 30 1917.

Gace.—Vertical staff gage at sawmﬂl about 500 feet above the Canadian Northern
Railway bridge. Prior to June 6, 1916, a vertical staff gage in connection with a
Haskell water-stage recorder on protecting crib above the Canadian Northern
Railway bridge. For further information regarding location and datum of gages
from which earlier records were obtained see Water-Supply Papers 325, 355, 385,
and 405. Elevation of zero of gage used during present year is 488.00 feet, referred
to what is known as the Minnesota and Ontario datum. The records have been
reduced to a gage whose zero is at 489.00 feet, to correspond to records previously
published.

Ex'rmmms OF 8TAGE.—Maximum stage recorded during year, 8.56 feet Qctober 1
and 2; minimum stage recorded, 1.9 feet September 26.

1910-1917: Maximum stage recorded, 10.99 feet June 10, 1916; minimum stage
recorded, 0.85 foot March 22, 1911.

ReeuraTion.—The stage of Rainy Lake is controlled at the dam and power plant of

" the Minnesota & Ontario Power Co., at International Falls, 2 miles below the
outlet of the lake, water being stored during periods of high run-off and drawn
off during periods of low run-off.

CoorEraTION.—Gage-height records furnished by the Canadian Department of
Public Works.
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Monthly discharge of Mouse River at Minot, N. Dak., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off
Month. (totalin
Maximum.| Minimum.| Mean, | 2cre-fest).
25.3 1,560
3.6 1,880
22.2 1,360
12.5 766
5.4 299
74.1 4,560
912 54,300
801 49,200
196 11, 600
63.8 3,920
12.9 793
5 30-
180 130,000

EVAPORATION AT UNIVERSITY, N. DAK.!

The evaporation gage at University, N. Dak., was established April 17, 1905, on
a pool in a ravine called English Coulee, which runs through the campus of the
University of North Dakota, immediately west of Grand Forks, N. Dak., and 2 miles
west of the Minnesota boundary.

The coulee drains about 60 square miles of very level prairie. Except for brief
freshets the flow in the coulee is small, varying from 1 second-foot or less to 20 second-
feet. In very dry weather the water lies in pools with scarcely any perceptible flow.

A heavy galvanized-iron tank, 3 feet square and 18 inches deep, is placed in the
center of an anchored raft, so that the water in the tank is at the same level as the water
surface outside. The tank is filled nearly to the top, to a height precisely marked
by the pointed tip of a vertical rod in the center of the tank. Once each day, after
the change produced by evaporation or rainfall, the water level is restored to the
original height, the precise amount of water transferred being measured with a cup of
such size that one cupful of water is equivalent to 0.01 inch depth in the tank.

On the open prairie about 40 rods distant is a standard rain gage. On days of rain-
fall the difference (which is usually small) between the quantity measured by the
rain gage and the surplus in the tank is considered the total evaporation for the day.

Observations were made usually about half an hour before sunset. The temperature
of the water recorded is the observation of the water in the tank. As the tank is made
of metal, it has been found that at that time of the day there is rarely a perceptible
difference in temperature reading between the water within and without the tank.
The temperature of the air as recorded is the mean of the readings of the standard
self-recording maximum and the self-recording minimum thermometers for the
preceding 24 hours.

1 For complete deseription of this station and records of evaporation, rainfall, and temperature for 1905
to 1908 see U. S. Geol. Survey Water-Supply Paper 245, pp. 64-67, 1910,
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Daily discharge, in second-feet, of Rainy River ot International Falls, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

10,300
10, 300
10,400
10, 400
10, 400

9,350
9,800
10, 400
10, 400

s

Monthly discharge, in second-feet, of Rainy River ot International Falls, Minn., for the
year ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean,
OCEODOT . ..ot 12,100 7,870 10,900
November. i 11,200 5,510 | 10,100
DOCOMIDOT. - ...ttt eaeaaeaaaae 10,900 1,450 9,530
..................... 11,900 7,940 10, 400

........... 1 7,830 X

........... 10,800 8,250 10,100
........... 12,700 8, 890 10,300
................... 10, 700 7,980 10,200
................................... 10, 500 6,450 9,420
..................................... , 7,030 9,490
................................... 10,300 5,540 9,040
............................................................ | 8,400 4,050 6,980
....................................................... L 12,700 1,450 9,710

NoTE.—Monthly and yearly discharge comguted by engineers of the United States Geological Survey
from daily-discharge record furnished by the Canadian Department of Public Works.

KAWISHIWI RIVER NEAR WINTON. MINN.

Locarion.—In. sec. 20, T. 62 N., R. 11 W., in a pond above lower dam of St. Croix
Lumber Co. at Kawishiwi Falls, 500 feet above Fall Lake, 3,000 feet below Garden
Lake, near western line of Lake County, 2} miles east of Winton, St. Louis
County.

DrAINAGE AREA.—1,200 square miles.

RECORDS AVAILABLE.—June 21, 1905, to June 30, 1907; and October 14, 1912, to
September 30, 1917,
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Daily gege height, in feet, of Rainy Lake at Ranier, Minn., for the year ending Sept. 30,

RRE]SS

t

The

plant is run on a 24-hour basis, so that except on Sunday the flow is fairly uniform;
it is in fact much more uniform than the natural flow, use being made of the

storage capacity of Rainy Lake, which has an area of about 344 squaremiles.

ta &
CoorerATION.—Estimates of flow through the power house are furnished by the

mini-

daily discharge during year, 12,700 second-feet

April 13; minimum daily discharge, 1,450 second-feet December 5.

aximum

o Gage not read owing to wind,
Note.—Gage heights referred to the same gage datum as these previously published in water-supply

papers containing records for this drainage basin.

_RAINY RIVER AT INTERNATIONAL FALLS, MINN.
1907-1917: Maximum daily discharge, 37,300 second-feet June 7, 1916;

mum discharge, 431 second-feet April 21, 1909.

WinTER FLOw.—Determined from power-house records.
lated at the dam and power plant of the Minnesota & Ontario Power Co.

Canadian Department of Public Works.

Ontario Power Co.

DRrAINAGE AREA.—14,600 square miles.

house records.
EXTREMES OF DISCHARGE.—M

Locarion.—In sec. 34, T. 71 N., R. 24 W., at dam and powerhouse of Minneso
Discuarge.—Determined by Canadian Department of Public Works from power-
RecuraTioN.—EXxcept during periods of high discharge, the flow is completely regu-

Recorps AvamaBLE.—March 1, 1907, to September 30, 1917.
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GagE.—Stevens water-stage recorder installed the last part of September, 1912, at a
point just above right end of dam. Well was attached to timbers bolted to the
vertical rock wall of the right bank of the river. Auxiliary staff gage was also
attached to one of these timbers. The gage shelter was supported by timbers
which were bolted to the horizontal portion of the rock wall above all possible
high water. OnMay 27,1913, the Stevens wasreplaced by a Friez water-stage re-
corder. During the high water of June, 1914, the well together with the float and
weight were carried away by logs. At this time a concrete well was installed by
the International Joint Commission a little below the dam and outside the river
‘channel, and connected with the pool above the dam by a pipe through the dam.
The gage was repaired and again put in operation about July 1,1914. Both water-
stage recorders refer to the same datum.

DiscHARGE MEAsUREMENTS.—Made from cable about 1,000 feet above gage.

CHANNEL AND cONTROL.—At the gage the river flows through a small deep pool formed
by a timber dam without openings, which constitutes the control and is perma-
nent unless the dam is destroyed or alterations are made in the crest. About
200 feet above the dam is a decided falls. Banks not overflowed in the vicinity of
the gage. At the measuring section the bed of the stream is rock and bowlders;
rough; current swift except at low stages.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.25 feet 8 p. m.
June 20 (discharge, 3,140 second-feet); minimum discharge recorded 17 second-
feet April 17, ‘

1905-1907 and 1912-1917: Maximum stage recorded, 7.2 feet April 30 and May
7,1916 (discharge, 5,370 second-feet); no flow August 24, 25, 30, 31, and September
1, 1915, August 6 and 8, 1906, and April 23, 24, and 26, 1907.

Ice.—Stage-discharge relation not seriously affected by ice; open-channel rating
curve assumed applicable. The operation of the water-stage recorder is affected
by ice, and the flow from December to March, which is very constant during this
part of the year, is computed from weekly reading of the staff gage.

ReauraTioNn.—The 8t. Croix Lumber Co. has a dam at the outlet of Garden Lake to
control the level of water in that lake and store water to be used in driving logs
over the stretch of rapids between Garden and Fall Lakes. This dam is capable
of holding the water in Garden Lake about 7 or 8 feet above its natural level at
low water before water will flow over the gates. When the water in Garden Lake
is held at a high stage the elevation of water is considerably higher in Farm Lake,
and it is understood that the elevation of the surface of White Iron Lake is some-
what affected by the stage of Garden Lake. During the log driving season,
April to November, the water in Garden Lake is held to the elevation of the top
of the gates practically all the time. In November some of the gates are opened
so that the lake is drawn down to low-water stage, and remains so until spring.
The St. Croix Lumber Co. has a dam at the outlet of Birch Lake, which controls
its elevation, and is capable of holding the water about 5 feet above low water.
This dam is left open during the winter and until the high water of the spring
break-up has passed. It is then closed and the lake is held as high as possible
during the summer. A number of low dams in Stony River are used for sluicing
logs off rapids but create no large amount of storage back of them. Large
volumes of water are allowed to pass through the sluices of the dam at the outlet
of Harden Lake for a few hours at a time, at irregular intervals, when desired to
drive logs from Garden Lake to Fall Lake; when the gates are closed there is
only a slight flow caused by leakage through the dam. At times some of the
gates are partly opened to allow passage of sufficient water to prevent flow over
crest of dam.
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Accuracy.—Stage-discharge relation permanent; not usually affected by ice and
seldom by logs. Rating curve fairly well defined below 2,890 second-feet. Con-
tinuous record from recording gage during the open-water period; weekly gage
readings during winter. Daily discharge ascertained as follows: October 1 to
December 31 and April 17 to May 16 from hourly gage heights; January 1 to April
11 determined from weekly gage heights; May 20 to September 30 by the dis-
charge integrator. Discharge estimated for brief periods when gage was not
working, or record fragmentary, for periods shown in footnote to daily-discharge
table. Records good except those for low stages, which are subject to exror.

The following discharge measurement was made by W. G. Hoyt:
September 12, 1917: Gage height, 1.05 feet; discharge, 245 second-feet.

Daily discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
615 3 150 145 715 | 1,600 480 485
595 150 195 645 | 1,650 600 350
580 150 170 980 | 1,760 600 745
566 150 140 790 | 1,150 600 850
556 15| 135] 640 1,720 600 240
540 150 145 700 [ 1,340 925 | 1,120
520 150 120 875 | 1,460 185 400
505 150 85| 80011, 580 | 1,290

150 470 § 1,220 595 910

495 150 580 | 1,450 750 680
495 150 780 | 1,080 795 660
495 50 70 760 | 1,230 895

495 30 680 | 1,500 | 1,040 270
495 25 540 1 1,680 5 830
495 190 2 430 | 1,730 7 600
495 |f 300 M50 o 89511,740| 40| 600
495 17 700 480 | 1,920 900 850
485 27 700 910 | 1,840 ] 1,390 560
475 42 700 | 2,200 | 1,970 740
470 48| 765]2,3% |1, 665

51 895 440 | 1,020 150

40 53| 680f2,140| 140l oon 600
430 57| 6501, 1,300 195
425 57 | 1,040 | 1,130 | 1,360 800
410 57] 10| 2 1, 710
400 62| 665|213 | 815 1,040
395 62 345 | 2,340 755 | 1,170 510
390 62 865 | 2,120 630 725 630
EEL 3 | R N 64 |1,000(220( 52| 710f 1,010
38011 --ee--- 64 490 | 2,250 550 880 425
380 () -l e 905 |..--... 760 725 |.......

NoTe.—No gage readings, discharge estimated, Apr. 12-16, 1[9.{{17—19, Aug. 2-5, 19-26, Seg)t 15 and 16,
Discharge based on record of stage for less than 24-hour periods, May 27, June 15, 17, Jufy 29, 30, Sept. 14
and 15. Braced figures show mean discharge for period included.

Monthly discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
. ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.

1
The FeaT - - e e et e e e e e 2,
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VERMILION RIVER BELOW VERMILION LAKE, NEAR TOWER, MINN.

LocaTioN.—In sec, 2, T. 63 N., R. 17 W, in 8t. Louis County, about 100 yards below
dam at outlet of Vermilion Lake, 4 miles above Twomile Creek, which enters
from the west, and about 18 miles across Vernullon Lake from Tower.

DRAINAGE AREA, —507 square miles.

REcorps AvamABLE.—May 17, 1911, to September 30, 1917, when station was dis-
continued. '

GAeE.—Vertical staff gage attached to a tree at the left bank; read by Mrs. A. E,
Shively.

DiscrareE MEASUREMENTS.—From 1911-1913 made from a cable just below the
gage; from 19141916 made from a boat about 1 mile below the gage.

CHANNEL AND coNTROL.—Bed composed of solid rock and large boulders. Heavy
falls a short distance below the gage form permanent control; banks are not over-
flowed to any considerable extent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 1.7 feet October
1-5 and July 5 (discharge, 397 second-feet); minimum stage recorded, 0.70 foot
March 4-12, April 5-6, and September 28-30 (discharge 130 second-feet).

1911-1917: Maximum stage recorded, 3.8 feet April 29 to May 7, 1916 (discharge,
2,050 second-feet); minimum stage recorded, 0.22 foot October 1 and 2, 1914
(discharge 60 second-feet).

Ior.—8Btage-discharge relation not affected by ice, owing to the heavy fall at the
control section, and to the proximity to Vermilion Lake.

RecuraTiON.—At the outlet of Vermilion Lake, a few hundred feet above the gage,
is a loose rock dam which is used to raise the water surface of the lake for aid in
navigation. This dam has no gates, but was repaired on July 19, 1912, thus for
a period reducing the flow below normal. From April 28 to May 10, 1914, parts
of the dam were removed and for some time subsequent the flow exceeded normal

AccurAcy.—Stage-discharge relation permanent. Rating curve well defined. Gage
read to quarter-tenths daily; fluctuations in stage so gradual that good results are
obtained from one reading a day. Daily discharge ascertained by applying
daily gage height to rating table. Records good.

The following discharge measurement was made by R. B. Kilgore:
September 13, 1917: Gage height, 0.88 foot; discharge, 156 second-feet.

Daily discharge, in second-feet, of Vermilion River below Vermilion Lake, near Tower,
Minn., for the year ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

397 321 244 187 158 139 k23 272 272 378 272 208
397 321 244 187 158 139 134 287 272 378 272 187
397 321 244 187 158 139 134 287 272 378 272 187
397 321 231 187 148 130 134 304 272 378 257 187
397 321 231 187 148 130 130 304 72 397 257 187
397 321 231 187 148 130 130 321 257 378 244 183
ggg 321 231 187 148 130 130 321 257 378 244 183

321 287 208 177 148 139 139 257 358 220 158
321 287 208 m 148 139 139 257 358 [ 220 158
321 287 208 171 148 139 9 257 358 208 158
321 272 208 171 139 139 39 272 358 208 158
321 272 208 171 139 139 139 287 358 | 208 152
321 272 208 167 139 139 18 287 340 | 208 152
321 257 208 167 139 139 158 321 304 340 198 148
321 257 208 167 139 139 171 321 321 340 198 148
321 257 208 167 139 139 198 321 340 340 | 208 144
358 257 208 167 139 139 220 321 358 208 139
358 [ 257 208 167 139 231 304 378 340 208 139
340 257 198 167 139 139 231 287 378 321 208 134
340 257 198 163 139 139 231 378 321 208 134
340 257 187 158 139 139 231 287 378 304 208 130
321 257 187 158 |.....on 1391 257 287 378 304 208 130
321 244 187 158 |.....ne 139 272 272 378 287 208
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Monthly discharge of Vermilion River below Vermilion Lake, mear Tower, Minn., for
the year ending Sept. 30, 1917.

[Drainage area, 507 square miles.]

Discharge in second-feet.

€ Run-off

(depth in

Month. Per 13110 es on.

s ; ainage

Maximum, | Minimum. | Mean. s&gla;e area)
321 346 0. 682 0.79
321 244 286 564 63
244 187 216 - 426 49
187 158 175 40
158 139 146 288

139 130 136 268 31
272 130 163 .321 36
3 272 314 .619 71
378 257 296 o5 65
397 287 354 . 698 80
272 198 226 446 51
130 161 318 35
397 130 236 465 6.30

LITTLE FORK RIVER AT LITTLE FORK, MINN.

LocarioN.—In sec. 9, T. 68 N., R. 25 W., at lower of two highway bridges at Little
Fork, Koochiching County, about 1} miles above mouth of Beaver Brook and 24
miles above Big Fork & International Falls Railway Bridge.

DRAINAGE AREA.—1,720 square miles.

‘REcorps AVAILABLE.—June 23, 1909, to September 30, 1917, when station was
discontinued.

Gace.—Chain gage attached to new steel bridge about 100 feet above the location
of the vertical staff gage which was read prior to March 5, 1917, by G. H. French
and Vernon Jamison. Chain gage was set to read the same as staff gage at a gage
height of 6.5 feet. '

D1scHARGE MEASUREMENTS.—Made from the bridge at medium and high stages; at
low stages made by wading a short distance above the bridge.

CHANNEL AND CONTROL.—Bed composed of sand, gravel, and bowlders. Bankshigh
and not subject to overflow. Control permanent up to the summer of 1915, but
during the high water in June there was a decided shift.

EXTREMES OF DISCHARGE.—Maximum stage during year, 18.7 feet 10 a. m. April 22,
caused by backwater from a log jam at the railroad bridge; maximum discharge
probably occurred April 23 (mean for day estimated at 4,460 second-feet); mini-
mum discharge (estimated at 40 second-feet), February 9-20.

1909-1917: Maximum stage recorded, 37 feet April 18, 1916 (discharge, 19,300
second-feet); minimum discharge, about 40 second-feet, September 5, 1910, and
February 9-20, 1917.

Ior.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation permanent since high water of June,, 1915
Rating curve used, well defined below 5,670 second-feet and poorly defined
above that point. Gage read to quarter tenths twice daily. Daily discharge
ascertained by applying mean daily gage height to rating table, except for period
when stage-discharge relation was affected by ice, for which it was ascertained
by applying to rating table mean daily gage height corrected for effect of ice
by means of discharge measurements, observers’ notes, and weather records.
Open-water records good; winter records subject to error.
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Discharge measurements of Little Fork River at Little Fork, Minn., during the year
ending Sept. 80, 1917.

Date. Made by— ciof? | ciarge. || Date- Made by— 1 | ez
ot R.B.Ki Feet. | Sec.-ft.
. 12 . B. sesseeanne 7.11 561
3 . B, Oulfg.r.e - - 6.41 17
6.25 64

@ Made through complete ice cover.

Daily discharge, in second-feet, of Little Fork River at Little Fork, Minn., for the year
ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | Sept.
425 135 50 60 185 | 3,680 586 167
380 130 50 60 185 | 3,580 518 167
321 120 50 60 185 | 3,240 167
307 115 56 60 185 | 2,800 485 158
321 110 55 60 200 | 2,520 470 158
335 105 50 65 256 | 2,490 470 177
350 100 50 65 280 | 2,340 440 177
350 95 45 70 2801 2,240 425 167
335 90 40 7% 425 | 2,140 395 158
321 85 40 85 520 | 2,040 380 158
204 85 40 920 790 | 1,940 350 148
204 85 40 90| 1,080 1,840 139
307 85 40 95| 1,360 | 1,640 321 139
281 85 40 95| 1,640 1,560 307 148
281 85 40 100 | 1,990 | 1,560 281 139
268 80 40 105 | 2,190 | 1,480 281 130
281 ;3 40 110 | 2,390 | 1,440 307 139
268 40 115 5 5 1,360 3351, 139
244 65 40 115 2,800 1,320 158
198 65 0| 120] 3,020| 1,240 455 158
167 65 45 130 | 3,460 | 1,200 502 148
148 65 45 140 { 3,860] 1,160 620 139
139 65 50 150 | 4,460 | 1,040 148
132 60 50 160 | 4,400 756 148
124 60 55 160 | 4,400 860 127
117 60 1701 3,980 790 123
138 55 170 | 3,460 756 722 122
158 50 180 | 3,410 688 654 122
148 50 180 s 688 654 123
139 50 1801 3,680 654 654 122
139 45 185 foeen. . ] 620 [oocecnnrfoncannnn

NoTe.—8tage-discharge relation affected by ice Nov. 14-20 and Nov. 24 to Apr. 24. Gage not read
July 1 to Aug. 31; no determinations of discharge.

Monthly discharge of Little Fork River at Little Fork, Minn., for the year ending Sept.
20, 1917.

[Drainage area, 1,720 square miles.}

Discharge in second-fee, Run-off
(depth in
Month. Per inches on
Maximum, | Minimum, | Mean. | square | drainage
mile, area),
1,040 485 658 0.383 0.44
1,320 455 | 837 487 .54
425 117 249 .14 .17
135 45 80.3 047 .05
40 46.6 .027 .03
185 60 113 .0
4,460 185 2,040 1.19 1.33
3, 620 1, 978 1.13
. 860 281 500 .291 .32
.- . 177 122 147 .086 .10

96719°—19—wsp 455—4
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UPPER MISSISSIPPI RIVER BASIN.
MISSISSIPPI RIVER AT ELK RIVER, MINN.

~

Location.—In sec. 3, T. 121 N., R. 23 W., at highway bridge in town of Elk River,
about 2,500 feet below mouth of Elk River, in Sherburne County.

DRAINAGE AREA.—14,500 square miles.

RECORDS AVAILABLE.—July 22, 1915, to September 30, 1917.

Gace.—Chain gage bolted to the handrail of the bridge, downstream side, near right
bank; read by W. H. Ebner.

DisCHARGE MEASUREMENTS.—Made from the downstream side of bridge.

CHANNEL AND cONTROL.—Bed composed of sand and gravel; control not well defined.
Banks high and not subject to overflow. '

EXTREMES OF DISCHARGE.—Maximum discharge occurred during period April 1-10,
when gage was not read; discharge not known, although on basis of power plant
records was probably about 34,000 second-feet and occurred about April 5; mini-
mum stage 3.6 feet 7.50 a. m. September 3 and 7 p. m. September 5 (discharge,
about 3,530 second-feet).

1915-1917: Maximum stage recorded during unobstructed channel, 10.8 feet
April 7, 1916 (discharge, 27,000 second-feet); minimum stage recorded, 3.6 feet
at 8 a. m. September 3 and 7 p. m. September 5 (discharge, about 3,530 second-
feet).

Ioe.—Stage-discharge relation seriously affected by ice; discharge estimated from
records of discharge at Coon Rapids power plant, computed by the Minneapolis
General Electric Co., allowance being made for the discharge of the Crow and
Rum rivers, entering between Coon Rapids and the station.

REeeuLATION.—Nearest. dam above the station on the Mississippi is at St. Cloud, 40
miles upstream. An observed systematic diurnal fluctuation at the gage of about
0.1 foot is doubtless due to the regulation at St. Cloud, but most of the effect of
regulation is equalized before reaching the station. The flow of the river is con-
trolled by Government dams on the upper river for the purpose of increasing the
low water open season flow in the interests of navigation.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 4,620 and 12,400 and fairly well defiried between 12,400
and 26,300 second-feet. Gage read to quarter-tenths twice daily. Daily dis-
charge ascertained by applying mean daily gage height to rating table except
when stage-discharge relation was affected by ice, for which period it was esti-
mated from Coon Creek power-plant records (see heading “Ice”). Open water
records good; winter records subject to error.

CoorPErATION.—Records of discharge at Coon Rapids power plant, upon which are
based estimates of discharge during the winter months, furnished by the Minne-
apolis General Electric Co.

Discharge measurements of Mississippi River ot Elk River, Minn., during the year ending
Sept. 30, 1917.

[Made by S. B. Soulé.}

Gage Dis-
Date. height, | charge,
Feet., Sec.-ft.
7§ 43 0 8.19 17,
1 1« T PN 4.40 5,640
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Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

B U

EEBELE
E

Nore.—Stage-discharge relation affected by ice Nov. 26 to Apr. 10; dischargeestimated by comparison
withrecords of discharge at Coon Rapids Power plant, furnished by the Minneapolis General Electric Co.
allowance being made for the discharge of Crow and Rum rivers, which enter between Coon Rapids an
the station. Braced figures show mean discharge for periods or months included.

Monthly discharge of Mississippi River at Elk River, Minn., for the year ending Sept. 30,
19

[Drainage area, 14,500 square miles.}

Discharge in second-feet.
Scharg se Run-off
(depth in
Month, Per inches on
Maximum. | Minimum, | Mean. | square drsinage
mile. ea).
]
0.545 0.63
. 403 .45
.331 .38
317 .37
.290 .
.276 .
1.32 1.47
677 .78
.368 41
«356 .41
337 .
.346 .39
.464 6.30
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MISSISSIPPI RIVER AT ST. PAUL, MINN.

Location.—At Chicago Great Western Railway bridge near foot of Robert Street,
St. Paul, 6 miles below mouth of Minnesota River, in Ramsey County.

DRAINAGE AREA.—35,700 square miles.

REcorDs AvarLaBLE.—March 1, 1892, to September 30, 1917. Observations of stage
begun in 1873 by United States Signal Service and continued by United States
Weather Bureau. Many discharge measurements made proir to 1900 by the
United States Engineer Corps.

GacE.—Chain gage installed May 9, 1913, on the handrail, downstream side, of Chicago
Great Western Railway bridge near the foot of Robert Street; read by employees
of United States Weather Bureau. From 1911 to May 9, 1913, the gage was a
vertical staff gage, attached to a piling on the left bank of river, about 800 feet
upstream from the presentgage. Prior to 1911 a vertical staff gage on the Diamond
Joe Line Wharf at the foot of Jackson Street, about 400 feet below the chain gage,
was used.. The datum of all three gages is the same, allowance being made for
the slight slope in the river between them.

DISCHARGE MEASUREMENTS.—UD to 1915 made from the Chicago, St. Paul, Minneap-
olis & Omaha Railway bridge, 2 miles above the station; in November, 1915, and
April, 1916, measurements were made from the Chicago Great Western Railway
bridge, to which the gage is attached. During 1916 and 1917 measurements
have been made from the Wabasha Street highway bridge, about 1,000 feet above
station.

CHANNEL AND cONTROL.—Channel somewhat shifting. Control not well defined.
Banks moderately high; have not been overflowed in recent years.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 16.2 feet at 8 a. m.
April 8 (discharge, 70,200 second-feet); minimum discharge occurred during the
period when river was frozen over, and was probably somewhat less than 5,000
second-feet.

1892-1917: Maximum stage recorded, 18.0 feet April 6, 1897 (discharge, 80,800
second-feet); highest known discharge occurred July 22, 1867, and amounted to
117,000 second-feet. Minimum stage recorded, —0.9 foot March 22, 1896 (dis-
charge, 1,420 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; monthly mean flow generally
ascertained from records obtained by United States Engineer Corps at lock and
dam No. 2, below Minneapolis, allowance being made for the flow of the Minne-
sota River. During winter of 1916-17 records of flow past lock and dam No. 2
were not available, and determinations of flow were based on records obtained
from the St. Anthony Falls Water Power Co., of Minneapolis.

RequLATION.—During extreme low water regula.tlon of the flow through the turbmes
at the nearest dam in Minneapolis may cause diurnal fluctuation of stage at St.
Paul. Flow is regulated by Government reservoirs on the headwaters at Lake
Winnebigoshish, Leach Lake, Pokegama Lake, Sandy Lake, Pine River, and
Gull Lake to increase the low-water open-season flow in the interests of naviga-
tion, but the effect of this regulation is very gradual at St. Paul.

Accuracy.—Stage-discharge relation fairly permanent except as affected by ice.
Rating curve well defined throughout. Gage read once daily to tenths, but this
reading perhaps does not represent the mean daily stage accurately on account of

" artificial regulation at power plants in Minneapolis; occasional additional readings
indicate that the error is not large. Daily discharge obtained by applying daily
gage height to rating table except for period when stage-discharge relation was
affected by ice, during which determinations were based on flow of Mississippi
River at Minneapolis plus flow of Minnesota River. (See note regarding Ice.)
Open-water records range from fair to good; winter records subject to error.

CooreraTion.—Gage-height record furnished by United States Weather Bureau.
Data upon which mean monthly flow during winter periods have been based
furnished by United States Corps of Engineers.
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Discharge measurements of Mississippi River at St. Paul, Minn., during the year ending
Sept. 30, 1917.

[Made by Soulé and Kilgore.]
G Dis-
Date. lm& _charge.
: Feet. Sec.-ft.
B T IO 2.89 7,810
Apr. A8, 13.05| 46,700

Daily discharge, in second-feet, of Mississippi River at St. Paul, Minn., for the year ending
Sept. 80 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
7,010 31,100 {38,500 (18,100 {17,500 | 8,420 | 5,910
7,800 35,000 {37,900 |18, 700 |16,600 | 7,600 | 7,010
8,000 36, 200 (37,300 {18,700 {15,800 | 7,800 | 5,910
8,420 141,600 36,700 19,700 [14,900 | 7,600 | 5,730
8,000 52,600 {36,200 [19,700 [14,100 | 7,600 | 5,730
8,000 58,000 |35,000 {20,600 (14,400 | 7,400 | 5,560
8,630 , 700 33,500 {21,000 13,600 | 7,800 [ 5,560
8,630 2600 {32, 000 (21,300 (13,000 | 7,600 | 6,450

7,600 67,000 {30,200 [21,300 [12,800 | 8,210 | 6,
6,270 65,300 [20,800 (21,300 [13,800 | 8,210 | 6,090
5,730 162,000 128,200 [21,000 {14,100 | 8,000 | 5,910
5,730 58,800 {26,700 {21,300 [13,300 | 8,000 | 5,910
5,910 55, 600 125,200 121,300 {13,800 | 8,210 | 6,090
L4, 300 |53:400 [23,700 (21,600 |13,000 | 8,630 | 6,450
100 |14:500 1800 1547100 |22, 300 22,000 |12,800 | 8,210 | 6,630

5 £l

’ 151,100 {21,000 [22,000 [12,000 | 8,000 | /6,630
48 300 120,000 (22,000 (11,500 | 8,210 | 6,450

> 200 119,300 [21,300 [10,800 | 7,800 | 6,
43,600 {18,700 |19, 700 {10,400 | 7,400 | 6,270
42,200 {18,100 [18,100 {10,800 | 7,600 | 6,270
2... 39,100 {17,800 |16,300 [10,100 | 7,200 | 6,450
22. 420 135,100 38, 500 (16,900 {15,200 | 9,920 | 7,010 | 6,270
23. 39,700 |16, 000 {13,800 /10,100 | 6 6,630
%. 39,700 {15,500 {13,600 [10,100 | 7,010 | 6,630
25. 40,300 (16,300 14,100 [10,100 [ 6,820 | 6,630
2. 141,000 116,000 114,600 (10,100 | 6,450 | 6,630
27. 41,000 (15,500 [15,800 |10, 6,270 | 6,270
28. 3,000 {40,300 15,200 [16,000 |10,100 | 6,270 | 6,820

2. 15,500 (40,300 {15,500 [17,200 | 9, 6, 6,
30...ceeueeo.-.j10,600 | 7,800 11 ||  f....... 17,500 39,700 15,200 [16,000 | 8, 6,450 | 6,630
Sloceeeoenaeel 10,800 ...y} (0 feeeils 19,000 |....... 16,600 |....... 8,210 | 6,270 |.......

NoTe.—Stage-discharge relation affected by ice Dec. 14 to Mar. 27. Braced figures show mean dis-
charge for period included.

Monthly discharge of Mississippt River at St. Paul, Minn., for the year ending Sept. 30,
191

[Drainage area, 35,700 square miles.]

Discharge in second-feet. Run-off
(degg in
Month. o Per 13?3]11 on
Maximum., | Minimum. [ Mean, | square age
mile, | °8)-
10, 0.325 0.37
5,390 242
.169 .19
.143 .16
.12 .13
.164 .19
1.3 1.50
.675 .78
527 .59
.339 .39
.208 .24
.178 .
teaeseevesee| 13,200 +369 5.01




54 SURFACE WATER SUPPLY, 1917, PART V.

CROW WING RIVER AT MOTLEY, MINN,

LocatioNn.—Near north border of sec. 18, T. 133 N., R. 31 W., at highway bridge in
Motley, Cass County, about a quarter of a mile north of Northern Pacific Railway
station and 2 miles above mouth of Long Prairie River, the nearest tributary.

DrAINAGE AREA.—2,140 square miles,

REcorps avamaBre.—June 10 to November 30, 1909; April 17, 1913, to September
30, 1917, when station was discontinued. Records for 1909 consist of discharge
measurements and gage heights only.

Gaaer.—Chain gage attached to upstream handrail of bridge near right bank, read by
S. W. Jacobs. Prior to July 21, 1916, gage was a staff gage in two sections, the
lower section attached to an old log bulkhead which constituted the abutment of
a former bridge, and was about 20 feet above the upstream edge of the bridge, at
the left bank; upper section was attached to an old piling just above the lower
section.

DiscEARGE MEASUREMENTS.—Made from upstream side of the bridge.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; fairly permanent.
Banks not subject to overflow.

EXTREMES OF. DISCHARGE.—Maximum stage recorded during year, 13.2 feet at 6
p. m. April 5 when stage-discharge relation was affected by ice (mean discharge
for day estimated- at 3,600 second-feet); minimum open-water stage recorded,
5.70 feet August 28 and 29 (discharge, about 270 second-feet).

1913-1917: Maximum stage recorded, 11.5 feet April 5 and 6, 1916 (discharge,
9,440 second-feet); minimum open-water stage recorded, 5.70 feet August 28
and 29, 1917 (discharge, about 270 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTioN.—Nearest dam above station is at outlet of Lower Crow Wing Lake,
about 67 miles above Motley; regulation at this point has very little effect at the
gage.

Accuracy.—Stage-discharge relation fairly permanent. Rating curve well defined
between 450 and 4,790 second-feet. Gage read to quarter-tenths twice daily.
Daily discharge ascertained by applying mean daily gage height to the rating
table except for period when stage-discharge relation was affected by ice for which
it was obtained by applying to rating table mean daily gage heights corrected for
effect of ice by means of discharge measurements, observer’s notes, and weather
records. Open-water records good; winter records fair.

Discharge measurements of Crow Wing River at Motley, Minn., during the year ending
Sept. 30, 1917.

Date. Made by— ke | .. || Date. Made by— hoe | i
Feet.
Oct. 31 | R. B. Kilgore 6. 60
Dec. 27aj 8. B. Soulé... 6.95
Jan. 24o|.._., do....... 7.36
Mar. 6oj..... [+ 7.61

a Made through ice.
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Daily discharge, in second-feet, of Crow Wing River at Motley, Minn., for the year ending
. Sept. 80, 1917.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar, | Apr, | May, | June, | July. | Aug. | Sept.
930 650 510 470 470 | 1,420 | 1,980 875 621 450 332
930 630 470 470 1 1,830 | 1,980 842 594 450 332
930 680 490 470 470 | 2,440 | 1,900 842 549 443 353
930 680 490 470 4751 3,260 | 1,830 831 504 422 33

930 710 490 470 475 | 3,600 | 1,760 842 495 394 350
930 710 485 470 4751 3,260 | 1,690 495 350
930 710 480 470 40 | 2,920 | 1,550 810 549 387 350
908 710 475 460 500 | 2,760 | 1,480 558 415 350
908 680 470 460 510 [ 2,760 | 1,420 770 558 408 368

930 680 470 450 520 | 2,600 | 1,360 730 585 387
1,050 930 650 470 450 530 | 2,060 | 1,290 760 585 374 350
1,050 800 475 450 550 | 1,830 | 1,290 875 576 374 387
1,050 468 625 480 450 560 [ 1,690 | 1,170 908 567 380 459
990 580 625 485 450 570 | 1,550 | 1,170 886 558 380 486

990 625 600 490 460 580 | 1,480 | 1,110 800 549 330
990 710 600 480 460 600 | 1,420 | 1,170 750 540 368 540
1,050 770 600 470 460 610 1,200 | 1,110 720 531 368 531
.| 1,050 770 530 475 470 620 | 1,420 | 1,170 750 513 368 522
1050 70| ss0| 4s0| 470 1,620 1,20 7i1| 504| 368 522
1,050 | 805| 555| 485] 470) 650 |1,830) 1,230 675 495] 368 648
.| 1,050 840 555 490 470 660 | 2,200 | 1,170 666 468 368 702
.t 1,050 840 535 490 470 670 1 2,280 | 1,11 621 468 368 702
1,050 770 5 490 470 690 | 2,440 | 1, 612 443 350 702
.. 1,050 535 490 470 700 | 2,520 | 1,050 740 436 350 675
1,050 510 510 470 710 | 2,280 1, 810 422 350 675
1,050 510 480 470 710 | 2,200 831 415 350 675
1,050 555 505 470 470 710 | 2,130 930 740 401 344 648
1,050 510 470 470 710 | 1,980 930 684 394 300 648
990 625 490 470 |....... 710 | 1,830 908 380 270 630
930 490 470 |....... 710 | 1,900 908 630 374 310 630
....... 490 470 |aeee-. caceace] 908 |eee....) 450 326 |.......

Note.—Stage-discharge relation affected by ice Nov. 14 to Apr. 9. Discharge, Sept. 17, interpolated.

Monthly discharge of Crow Wing River at Motley, Minn., for the year ending Sept. 30,
1917,

[Drainage area, 2,140 square miles.]

Discharge in second-feet,
& Run-off
(depth in
Month, : per | inches on
Maximurm, | Minimum, | Mean. | square | draiioee
mile, .
1,360 990 1,090 0.509 0.59
0 468 771 360 .40
710 490 599 280 32
510 470 481 .225 26
470 450 465 217 23
0 470 | - .282 32
3,600 1,200| 2,160| 1.01 1.13
1,980 8 1,290 603 70
3 612 765 .357 40
621 374 502 . 27
450 270 373 174 20
702 332 503 235 26
3,600 270 800 374 5.08

LONG PRAIRIE RIVER NEAR MOTLEY, MINN.

LocaTioN.—On west line of sec. 19, T. 133 N., R. 81 W., at highway bridge 1 mile
south of Motley and 2 miles above mouth of river, in Morrigon County.
DRAINAGE ARTA.—973 square miles,



56 SURFACE WATER SUPPLY, 1917, PART V.

Recorps AvamaBLE.—June 10, 1909, to September 30, 1917, when station was dis-
continued.

Gaee.—Chain gage attached to downstream handrail of bridge, near middle of
stream; read by Mrs. Clem Thompeon. Prior to August 9, 1916, the gage was a
staff attached to an overhanging stump on right bank of the river, about 100
yards above bridge.

DiscHARGE MEASUREMENTS.—Made from downstream side of highway bridge to
whichgage isattached; low-stage measurements made by wading ashort distance
above gage.

CHANNEL AND CONTROL.—Bed composed of light gravel; practically permanent,
affected by aquatic plants during portion of the year; left bank low, subject to
overflow; right bank high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded when control was unobstructed,
9.00 feet at 8.30 a. m. April 6 (discharge, 2,540 second-feet); minimum discharge
105 second-feet March 1-11.

1909-1917: Maximum stage during period, 15.0 feet, April 5, 1916 determined
by leveling from flood marks (estimated discharge, 4,280 second-feet, allowance
being made for backwater). A discharge of 39 second-feet was measured by
current meter on February 27, 1914; absolute minimum probably about 30
second-feet.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation probably permanent except as affected by
ice and growth of aquatic plants. Rating curve used October 1 to July 30 fairly
well defined between 78 and 1,730 second-feet; extension above 1,730 second-
feet determined from area and mean velocity curves. Gage read to half-tenths
twice daily. Daily discharge ascertained by applying mean daily gage heights
to rating table; discharge August 1 to September 30, determined by shifting-
control method owing to obstruction of the channel by vegetation. Discharge
for periods when stage-discharge relation was affected by ice ascertained by
applying to rating table gage height corrected for backwater by means of dis-
charge measurements, observer’s notes, and weather records. Open-water
records fair; winter records subject to error.

Discharge measurements of Long Prairie River near Moiley, Minn., during the year
ending Sept. 30, 1917.

Date. Made by— oo | chamse, || Date. Made by— Hoe | e,

Feet Secoft.

Apr. 36 1,270

11 1,370
June 28 278
Sept. 19 142

a Made through complete ice cover. b Open water at measuring section; ice jam at control.
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Daily discharge, in second-feet, of Long Prairie River near Motley, Minn., for the year

ending Sept. 30, 1917.

July. | Aug. | Sept.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June
105] 7401070 320
105 | 1,000 | 1,000 320
105 | 1,280 | 1,000 | 320
10511,730 | "935| 320
105 | 2,200 | 870| 320
105 | 2,450 870 320
105 | 2,130 806 320
105 | 1,890 740 320
105 | 1,730 680 300
105 | 1,350 624 300
105 1,280 570 | 300
110 | 1,140 570 300
115 (1,000 | 520} 300
115 870 520 300
120 870 470 300
120 805 470 300
130 740 470 282
145 680 446 265
150 680 446 285
160 935 422 248
175 | 1,140 422 248
190 | 1,280 401 232
205 1 1,420 380 232
225 | 1,500 380 | 232
250 | 1,350 380 282
265 11,280 ] 340 300
300 | 1,210 340
340 | 1,140 340 265
380 | 1,070 | 340| 248
470 | 1,000 340 232
570 |....... 340 |.......

2291 248 127
219 265 130
216 282 132

130
213 206 130

200 1 127
197 157 132
149 130

197 149 127

188 147 122
176 142 120
167 139 120
185 134 118
182 132 113
216 184 1.......

Nore.—Stage-discharge relation affected by ice Dec. 9 to Apr. 5and by aquatic plants Aug. 1 to Sept. 30,

Monthly discharge of Long Prairic River near Motley, Minn., for the year ending Sept.

30, 1917.
[Drainage area, 973 square miles.}

Discharge in second-feet. Run-oft

(depth in

Month, v Por inches on

Maximum.| Minimum. | Mean. | square draﬂg?ge

mile. M
L0701, 680 320 456 0.469 0.54
November. 360 265 301 .309 .34
380 140 244 .251 .
............ 140 125 130 .134 .15
............ 125 110 118 121 .13
.......... 570 105 184 .189 .

.......... 2,450 680 1,270 1.30 1.45
.......... 1, 340 53 547 .63
.......... 320 232 294 .33
.......... 300 165 225 .21 27
et eeceeeieracaenaaas 282 132 180 .185 .21
SEPtember. o« ..o 152 113 130 .134 .15
The Jear. . ..c.oouiiiiaaec i aaaaaanann 2,450 105 340 349 4.71

ELK RIVER NEAR BIG LAKE, MINN.

LocaTion.—In sec. 23, T. 33 N., R. 27 W., at highway bridge 4 miles east of Big
Lake, Sherburne County, three-fourths of a mile north of Bailey station on
Northern Pacific and Great Northern railways, half a mile above Tebbetts Brook,
and 4 miles below mouth of St. Francis River.

{
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DRAINAGE AREA.—615 square miles.

REcorps AvamasLE.—April 15, 1911, to September 30, 1917, when station was dis-
continued.

Gaee.—Vertical staff gage attached to upstream edge of left abutment; read by
Michael Tracy. Prior to April 7, 1916, the gage was a staff gage attached to a
piling about 10 feet above the upstream edge of the bridge, near the right bank of
the river.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of sand and light gravel. Just below the
gage is a slight rapids which constitutes the control at medium and low stages,
and at which the bed consists of heavier gravel arid cobblestones and is fairly
permanent. From July to October the channel is usually obstructed by aquatic
plants, which cause considerable backwater, that increases as the summer ad-
vances and reaches a maximum some time in September. No obstruction due to
aquatic plants during the period April to September, 1917, due apparently to the
change in control section. Right bank high and not subject to overflow; left bank

" subject to overflow at a stage of about 9 feet, and some of the water cuts across a
point formed by a loop in the river, and does not pass under the bridge.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.88 feet April 6
(discharge, 2,850 second-feet); minimum discharge .about 75 second-feet Jan-
uary 24, 25, 28, and 29.

1911-1917: Maximum stage recorded, 10 feet at 6.30 p. m. May 7, 1912 (dis-
charge, 5,100 second-feet); minimum open-water stage recorded during period,
0.22 foot July 16, 1911 (discharge, 43.4 second-feet, measured by current meter);
a discharge of 39 second-feet was measured by current meter on January 27, 1912.

Ioe.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation not permanent; change in control occurred
about April 4 and 5 caused by breaking of ice jam with flood stage. Rating
curve used October 1 to April 4, well defined throughout; curve used April 5 to
September 30 well defined between 124 and 2,930 second-feet. Gage read to
quarter-tenths twice daily. Daily discharge ascertained by applying mean
daily gage height to rating table except for period when stage-discharge was
affected by aquatic plants, for which it was ascertained by applying to rating
table mean daily gage height corrected for effect of backwater by means of dis-
charge measurements, and for winter period by observer’s notes and weather
records. Records good for period when channel was unobstructed, winter records
fair. '

Discharge measurements of Elk River near Big Lake, Minn., during the year ending Sept.

30, 1917.
Date. Made by— hgig %_ chlglrsg.e Date. Made by— hg&‘%et_ ch]?iuze,
Feet. | Sec.ft. Feet. |Secft.
Dec. 169 R. B. Ki&fore .......... 1.29 108 || Apr. 13 (8. B.Soulé............. 4.03 1,190
Jan. 16¢| 8.B.Soulé...._....... 1.65 118 ay 24 |..... L 1.60 207
Mar. 82.....d0................. 184 93 || Aug. 20 |'R. B. Kigore.......... 1.47 159
Apr. 7i..... 5 U 6.49 | 2,590

a Complete ice cover at control and measuring section,
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Daily discharge, in second-feet, of Elk River near Big Lake, Minn., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

297 356 283 125 95<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>