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. SURFACE WATER SUPPLY OF HUDSON BAY AND
UPPER MISSISSIPPI RIVER BASINS, 1921,

AUTHORIZATION AND SBCOPE OF WORK.

This volume is one of a series of 14 réports presenting results of
measurements of flow made on streams in the United States during
the year ending September 30, 1921.

The data presented in these reports were collected by the. United
States Geologwal Survey under the followmg authonty contained in
the organiclaw (20 Stat, L., p. 394): :

Provided, Thiat this officer [the Director]:shall have the: direc’omn of the Geologi—
cal Survey and the clasmﬁc&ﬁo;; of public lands and examination of the geologiod
strﬁcture, mizneml renources, and products of the natlonal domain.

_The work was begun in 1888 in connection with s;:eeml 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 ard determining the water supply of the United States,

and for the investigation of underground currents and artesian wells, and for the
preparation of reports upon the best methods of utilizing the water resources.

Annual approprwnms for the fiscal years ending June 30,1896~1922,

1895 . ... e —————— . $12,500.00
1896-_-----_---_--------L‘-..--‘.--__---__-_--__'--_ 20, 000. 00
1897 to 1900, inclusive. ..o oo maeiaa 50, 000. 00
1901 to 1902 T 0T O 100, 000. 00
1903 to 1906, inclusive. oo -~ 200, 000. 00
1907-__-__---__-_-_-------_---_---_----__-_;_--- 150, 000. 00
“ 1908 to 1910, inelusive - oo oo eeemem 100, 000. 00
1911 to 1917, mcluswe-----; ........... e e o o 150, 000. 00
1018 i ecm—————— e ——— 175, 000. 00
1910 e e e mmm—— e ——————— 148, 244. 10
1920 - eeeeeeeee e ———————— e 175, 000, 00
1921 e et ——————— - 180, 000. 00
1922 e e e Cm e ———————— 180, 000. 00

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; cooperas
tion of the second kind is acknowledged on page 9.,

1



2 SURFACE WATER SUPPLY, 1921, PART V.

Measurements of stream flow have been made at about 5,200 points
in the United States and also at many points in Alaska and the
Hawaiian Islands. In July, 1921, 1,350 gaging stations were being
maintained by the Survey and the cooperating organizations. Many
thidcbllahgous didéhitge iﬁe&tﬁmﬁa&ﬁtﬁ:m "madelat dbher poinds) [
coﬂnnqqt;on with thig work dgtp: werq alse- oqﬂwie;i‘ in{reghsd $o pre-
clpltatmn evaporatwn, storage reservoirs, river proﬁles, and water
power in many sections of the eountry and will be made available in

water-supply papers from timg tofime. .y ) - 0o
 DEFINITION OF TERMS . . . .. .

Ths voltime:of ‘wate¥ ﬂowmg i a streamr“the" “ fun-off " 61 %4
charge ’—is expressed in various terms; eith of which has ‘Bedoi
dssosiated with a ‘certain- ¢less of work. ’l‘hése terths may be divided
iits two groups-—{1) thosé thai reépresérit & rate of ‘flow, s sevond-
feet, gallons per minute, miner’s inches, and discharge in second-féet
per square mile; and (2) those that reptresent the actusl quantﬁy of
wiiter; as run-off in inches; ‘acre-feet, and millions of cubic feet. ' The
principal terms used i this series of reports are sedbnd-feet second-
feet:per square mile, and runaoﬁ in mches 'and m-feet They ﬂmy
be deﬁnedasfollowaz ERLARE R

- Second-feet ' is an: abbmmktmn for !“oubxc feet per *seeond s A
second-foot is the rate of discharge of water flowing it & channelief
rectangular cross.section.1 fpot wide and,:1. foot, deep at an-average
velocity of i foot per second. It is: genemﬂy used asa: fundnmentd
unit from whiech others are computed. :

* Second-fest: per square mile’’ is the average number of cub:to feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed umformly both as
regards time and area.

“Run-off in inches”” is the depth to which an area wmﬂd 'be covered
if all the water flowing from it in a given penod were uniformly .
distributed on the surface. It is used for comparmg run-oﬁ with
rainfall, which is usually expressed in depth in inches. :

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

The following terms not in common use are here defined.

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

‘“ Control,” a term used to désignate the section or sections of the:
stream below the gage which determine the stage-discharge relation
at the gage. It should be noted that the control may not be’ thb
same section or sections at all stages.

J









S5TE ) EXPLANATION OF DATAL 3.

The “point of zero flow’” for a'gaging station is that point on the
gage—the gage heiglit—to which the surface of t.be -stream would
fall if there were no flow.

EXPLANATION OF DATA

The data presented in this report cover the year begmmng October
1, 1920, and ending September 30, 1921. At the beginning of Jan-
uary 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
September, on the other hand, the only stored water available for
run-off is possibly & small quantity in the ground; therefore the run-
off: for the year beginning October 1 is' praotic&ﬂy all derived from
prei)lpltatlon within that year. . -

The base data collected at ga.gmg stations- consxst of records of
stage, measureinents of : dischiarge, and- general information: used to

__supplement the gage heights and discharge measurements in deter:

“itiing. the:daily: flow, The records of stage are obtsined'-either
from, direct; readings, on & stafl gage or chain ?ge or from g water-
stage recorder that gives a. ‘continuous record of tfhe ﬂuctuatmns
Measurements' of .discharge .are made- with -a current meter. (Bee
Pls. 1,.I1.) The general methods are:outlined in. sta?ndard textbooks
on the measurement, of river discharge. -

From the discharge measurements rating tables are prepared that
give,the discharge for any stage. The application of the daily gage
heights to these rating tables gives the discharge from :which, the
monthly and yearly mean discharge is- determined.

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

R ¢ { the base data are insufficient to determine the daily discharge,
tables giving daily gage helghts and results of dlscharge measurements
are published.

The.deseription of the statlon gives, in addition to statements re-
garding location. and- equipment, information in.regard to any con-
ditions that may affect the constancy of the stage-discharge relation, '
eovering such subjects as the occurrence of ice, the use of the stream
for log driving, shifting: of control, and the cause and effect of baek-
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 dlscharge in
second-feet corresponding to the mean of the gage heights read each

81182—241—wsp 525——2
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4 SURFACE WATER SUPPLY, 1921, PART V.

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
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 helght
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 eolumns, which .are
defined on page 2, are based. .

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 mterpretamon 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 ra.ting table to obtain the daily
discharge.!

For the rating tables ‘‘well defined ”’ mchcates, 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.

The monthly means for any station may represent with high accu-
racy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and run-off in inches may be sub-
ject to gross errors caused by the inclusion of large noncontributing
districts in the measured drainage .area, by lack of informatien
concerning water diverted for irrigation or other use, or by inability
to interpret the effect of artificial regulation of the flow of the river

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. 8. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.
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above the station. ‘‘Second-feet per square mile” and ‘‘Run-off
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 ﬁgm'es
representing ‘‘second-feet per square mile” and ‘‘run-off in inches”

" previously published by the Survey should be used with caution
because. of possible inherent but. unknown sources of error.

Many gaging stations on streams in the irrigated sections of the
United States are located above most of the diversions from those
streams, and the discharge recorded does not show the water supply
available for further development, as prior appropriations beléw the
stations must first be satisfied. To give an idea of the amount of
prior appropriations, a paragraph on diversions is presented in each
station description. Where figures are given these can not be con-
sidered exact but represent the best information available.

The table of monthly discharge gives only & 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. -

PUBLICATIONS.

Investigation of water resources by the United States Geologlca.l
Survey has consisted in large part of measurements of the volume of
flow of streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied subjects as
irrigation, water storage, water powers, underground waters, and
quality of waters. Most of the results of these investigations have
been published in the series of water-supply papers, but some have
appeared in the bulletins, professional papers, annual reports, and
monographs.

The results of stream-flow measurements are now pubhshed an-
nually in 12 parts, each part covering an area whose boundaries
coincide with natural drainage features, as indicated below:

Part I. North Atlantic slope basins.
II. South Atlantic and eastern Gulf of Mexico basins.

III. Ohio River basin.

IV. 8t. Lawrence River basin. R
V: Upper Mississippi River and Hudson Bay basins. o
VI. Missouri River basin.

VII. Lower Mississippi River basin.

VIII. Western Gulf of Mexico basins.

IX. Colorado River basin.

X. Great Basin.

XI. Pacific slope basins in California. .

XII. North Pacific slope basins; in three volumes:

A. Pacific slope basins in Washington and upper Columbia River basin.
B. Snake River basin.
C. Lower Columbia River basin and Pacific slope basins in Oregon.
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Water-supply papers and other publications of the United States
Geological Survey containing data in regard to the water resources
of the United States may be obtained or consulted as indicated
below: .

1. Copies may be obtained free of charge by applying to the
Director of the Geological Survey, Washington, D. C. The edition
printed for free distribution is, however, small and is soon exhausted.

.2. Copies may be purchased at nominal cost from the Superin-
tendent of Documents, Government Printing Office, Washington,
D. C., who will on application furnish lists giving prices.

3. Sets of .the reports may be consulted in the libraries of the
principal cities in the United States.

4. Complete sets are available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

‘Boston, Mags., 2500 Customhouse. .
.. Albany, N. Y., 704 Journal Building.
... Trenton, N. J., State House.
... "‘Asheville, N. C 6 Government St,reet
Chattanooga, Tenn 37 Mumclpal Building.
Columbus, ‘Ohio, Brown Hall, Ohic State Umversﬂ;y
= Chicago, Ill., 1404 Kimball -Building. :
Madison, Wls care of Railroag Commission of Wisconsin.
o -Ames, Iowa, State nghway Commission Building.
" ‘Rolla, Mo., Rolla Building, School of Mines and’ Metallul‘gy.
Topeka, Kans '23 Federal Building.-
- Helena, Mont., 52 Montand National Bark Buddmg
- Denver, Colo., 403 Post Office Building.
-Salt. Lake Clty, Utah, 313 Federal Building.
Idaho Falls, Idaho, 228 Federal Building.
Boise. Idaho, 615 Idaho Building.
Tacoma., Wash., 406 Federal Building.
Portland, Oreg., 606 Post Office Building.
San Franeisco, Calif., 328 Customhouse.
Los Angeles, Calif., 600 Federal Building. "
Tueson, Ariz., 210 Agricultural Building, University of Arizona.
Austin, Tex., State Capitol.
Honolulu, Hawan, 25 Capitol Bmldmg

A list of the Geological Survey’s publications may be obtained by
applying to the Director, Umted States Geological Survey, Wash-
ington, D. C. ‘

Stream-flow records have been obtained at about 5,200 points in
the United States, and the data obtained have been pubhshed in the
reports tabulated below:
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Stream-flow data in reports of* the United States Geological Survey.

[A=Annual Report; B=Bulletin; W=Water-Supply Paper.]

Report. Character of data. Year.

10th A, pt. 2.._.__ Descriptive information only_ ... ..

11th A, pt. 2_ Monthly discharge and descriptive information --.-| 1884 to Sept., 1890.

12th A, pt. 2o [ ____ I e amnne ~---| 1884 to June 30, 1801

13th A, pt. 3 Mean discharge in second-feet. . ______________.__ .--=] 1884 to Dec. 31, 1892,

14th A, pt. 2 Monthly discharge (long-time records, 1871t0 1893).___._._.___. 1888 to Dec. 31, 1893,

31 Descriptions, measurements, gage heights, and ratings.__ 1893 to 1894,
16th A, pt Descriptive informationonly_ . ... ______________....0
40 Descriptions,measurements, gage heights,ratings,and monthly | 1895.
discharge (also many data covering earlier years). *
W1l Gage heights (also gage heights for earlier years). __._..._._._. 1896.
18th A, pt. 4-_____ Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
. (also similar data for some earlier years).

W15 . Descriptions, measurements, and gage heights, eastern United | 1867. ES
States, eastern Mississippi River, and Missouri River above -
junction with Kansas.

W16, ... Descriptions, measurements, and gage heights, western Missis- | 1897.
sippl River below junction of Missouri and i’la.tte, and west-
ern United States.

Descriptions, measurements, ratings, and monthly discharge | 1897,
(also some long-time records).
Measurements, ratings, andgageheights, eastern United States, |1898.
eastern Mississippi River, and Missouri River.
Measurements, ratings, and gage heights, Arkansas River, and | 1898.
western United States.
Monthly discharge (also for many earlier years) .. _...._....... 1808,
| Descriptions, measurements, gage heights, and ratings.. - 1899,
Monthly discharge_ ... . ____________.____.. 1899, B
-| Descriptions, measurements, gage heights, and ratings_ _ 1900,
, Monthly discharge. - ... 1900.

W 65,66___._ .| Descriptions, measurements, gage heights, and ratings_ . 1901,

W7 _| Monthly discharge ... ________________________ 1901.

% g; :o ?(5)6 Oomdplete data__.._._ }%

0.100. ..do.. . 3

W 124 to 135 do 1004.

W 165 to 178, 1905.

W 201 to 214 1906.

W 241 to 252_.. 1907-8.

W 261 to 272__ 1909,

W 28160292 . 1910.

W 301t0312. 1911,

W 321 t0332__ 1912,

W 351 to 362_ 1913.

W 381 t0394_ 1914,

W 401 to 414 1915,

W 431 to 444_ 1916,

W 451 to 464 . 1917,

W 471 to 484 1918,

‘W 501 to 514_ 1919-20.

W 521 to 534. 1921,

Note.—No data regarding stream flow are given in the 15th and 17th annual reports.

« The records at most of the stations discussed in these reports
extend over a series of years, and miscellaneous measurements at
many points other than regular gaging stations have been made
each year. An index of the reports containing records obtained pyior
to 1904 has been published in Water-Supply Paper 119.

The following table gives, by years and drainage basins, the
numbers of the papers on surface-water supply published from 1899

to 1921.

The data for any particular station will, in general, be

found in the reports covering the years during which the station was
maintained. For example, data for Machias River at Whitneyville,
Maine, 1903 to 1921, are published in Water-Supply Papers 97, 124,
165, 201, 241, 261, 281, 301, 321, 351, 381, 401, 431, 451, 471, 501,
and 521, which: contain records for the New England streams from
1903 to 1921. Results of miscellaneous measurements are published

by drainage

basins.” .
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DIVISION OF WORK. 9

COOPERATION.

In Montana the work was carried on in cooperation with the United
States Reclamation Service. With the exception of the station on St.
Mary River near Babb, Mont., all stations in Montana were main-
tained jointly with the Dominion Water Power Branch, Department
of the Interior, Canada.

In North Dakota the work was.done in coopemtion with W. H.
Robinson, State engineer, and at certain stations in cooperation with
the Bureau of Public Roads, Department of Agriculture, and the
Flood Control Commission of North Dakota. '

In Minnesota the work at certain stations was carried on in co-
operation with the following organizations: United States Weather
Bureau (Mississippi River at St. Paul and Minnesota River near
Mankato), United States Engineer Corps (Mississippi River at Elk
River and Minnesota River near Montevideo).

In Wisconsin the work was carried on in cooperation with the Rail-
road Commission of Wisconsin, C. M. Larson, chief engineer; and at
certain stations with the Wisconsin-Minnesota Light & Power Co.
(Chippewa River at Chippewa Falls, Red Cedar River near Colfax,
Red Cedar River at Cedar Falls, and Red Cedar River at Menomonie).

In Iowa the work was carried on in cooperation with the Iowa
Geological Survey, George F. Kay, director; the Iowa Highway Com-
mission, F. R. White, chief engineer; and the Mississippi River Power
Co. of Keokuk, Iowa, R. H. Bolster, hydraulic engineer. The United
States Weather Bureau paid part of the observer’s salary at the sta-
tion-on Des Moines River near Boone, and the Interstate Power Co.
of Chicago paid for the services of an observer at the station on
Upper Iowa River near Decorah.

In Illinois the work was carried on in cooperation with the Division
of Waterways, Department of Public Works and Buildings, W. L.
Sackett, superintendent, and at certain stations with the United
States Pubhc Health Service, J. K. Hoskins, sanitary engineer
(Ilinois River at Peoria and at Beardstown, Kankakee River at
Custer Park, Fox River at Wedron, Vermilion River near Streator
Mackinaw River near Green Valley, Spoon River at Seville, Crooked
Creek at Ripley, and Macoupin Creek near Kane), the United States
.Weather Bureau (Illinois River at Morris and at Beardstown), 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, in Montana and
North Dakota were collected and prepa.red for publication under the
direction of W, A. Lamb, district engineer, Helena, Mont., assusted by
E. F. Chandler and A. H. Tuttle.
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The data for stations in the Hudson Bay and Mississippi River
basins in Minnesota were collected and prepared for publication under
the direction of S. B. Soulé, district engineer, by E. F. Chandler,
assisted by E. E. Foster and W. L. Stockwell.

For stations in the Mississippi River basin in Wisconsin the data
were collected and prepared for publication under the direction of
S. B. Soulé, district engineer, assisted by S. R. Collins, A. O. Olson,
and Glenn thtenf)urg

For stations in the Mississippi River basin in Iowa the data were
collected under the direction of E. D. Burchard, district engineer,
assisted by R. H. Bolster, R. W. Clyde, C. Herlofson, and A. Davis.

The data for stations in the Mississippi River basin in Illinois
were collected under the direction of H. E. Grosbach, district engi-
neer, assisted by A. M. Whal.

The manuscript was reviewed and assembled by B. L. Bigwood.

GAGING-STATION RECORDS.
HUDSON BAY DRAINAGE BASIN.

ST. MARY RIVER NEAR BABB, MONT.

[Including diversion from Swiftcurrent Creek.]

Location.—In SE. % sec. 27, T. 36 N., R. 14 W., 1,040 feet above headworks of
8t. Mary canal and 2 miles south of Babb, on Blackfeet Indian Reservation,
in Glacier County.

DRAINAGE AREA.—278 square miles (including area of Swiftcurrent Creek above
.point of diversion into St. Mary Lake); measured on topographic maps.
RECORDS AVAILABLE.—January 1, 1902, to September 30, 1921, Records for
years 1902 to 1917, contammg revisions of previously published records are

published in Water-Supply Paper 491.

Gage.—Chain gage on right bank used August 23, 1905, to June 15, 1918,
October 1, 1918, to May 14, 1919, August 23 to September 4 and October 1
to December 7, 1919, May 14 to November 9, 1920, and May 11 to Septem-
ber 30, 1921, except during winter months from 1912 to 1917, when a tempo-
rary gage opposite chain gage was read. Stevens water-stage recorder on
left bank, installed June 15, 1918, at same datum as chain gage, used June
16 to September 30, 1918, and May 15 to August 22, 1919. Auxiliary
staff on right abutment of highway bridge over crest of diversion dam below
chain gage and at different datum, was installed June 14, 1919, and used
September 5-30, 1919, December 16, 1919, to May 13, 1920, and November
10, 1920, to May 10, 1921. Prior to August 23, 1905, a wire gage at same
location and datum as chain gage was used. Gages read by employees of
United States Reclamation Service. 4 o

DisCHARGE MEASUREMENTS.—Made from cable 560 feet below gage. In Sep-
tember, 1909, the cable was moved from a point about 300 feet downstream.
Low-water measurements made by wading 800 feet below gage..

CHANNEL AND CONTRoOL.—Bed composed of grwﬂ and cobble stones, practlcally
permanent Banks high and not subject Yo overflow. Conerete diversion
works for St. Mary canal, located 1,040 feet below gage, form the!control.
The dam is provided with flashboard sluice: gates near the canal head gates:
Stage-discharge relation is permanent when canal, gates are closed and fiash-
boards in sluice gates remain at level of crest of dam.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.80 feet
(chain gage) May 27 (discharge, 4,700 second-feet); minimum stage, 5.09
feet (auxiliary gage) February 11 (discharge, 104 second-feet).

1902-1921: Maximum stage, estimated 9.4 feet June 5, 1908 (discharge,
7,980 second-feet); minimum stage recorded, 1.0 foot April 3-7, 1904 (dis-
charge, 20 second-feet).

Ice.—Stage-discharge relation affected by ice during severe winters.

Diversions.—None.

RecuraTion.—Flow regulated by naturral storage in St. Mary Lakes, and since
October 1, 1915, by Sherburne Lake reservoir on Swiftcurrent Creek.

ACCURACY. —Stage-discharge relation affected by ice January 13-28 and February
6-9 and 13-20, and by operation of gates of canal June 12 to August 13.
Rating curve for open channel with gates closed, well defined for both gages.
Chain gage read to half-tenths once daily October 1 to November 9 and
May 11 to September 30. Auxiliary staff gage read to hundredths once daily
November 10 to May 10. Daily discharge ascertained by applying daily
gage height to rating table except for periods of ice effect, for which it was

* ascertained by means of gage heights, observer’s notes, weather records, and
comparison with flow at station near Kimball, Alberta, and except: for
‘period during which canal was being operated, for which it was ascertained
by means of the shifting-control method based on discharge measurements
and record of flow of canal. Records good for periods of open water with
gates closed; other records fair.

The diversion dam below the gaging station was constructed by the Bureau of
Reclamation for the purpose of diverting water from St. Mary River into St.
Mary canal, which carries the water across the divide into North Fork of Milk
River. The water then flows in the 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 sforage reservoir is
provided on Swiftcurrent Creek by 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, Moni., during the year
. .ending Sept. 30, 1921.

[Made by W. A. Lamb.] -

¢ Gage Dis-
Date. height. | charge.
Feet. Sec.-ft,*
4.88 3, 500
2.56 1,120
2.04 598
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., for the year
ending Sept. 30, 1921.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
568 246 267 139 118 230 209 618 | 3,000 | 2,020 958 458
568 246 267 139 113 222 222 673 | 3,360 | 1,970 918 458
568 246 267 139 108 209 207 632 | 3,480 | 1,970 918 458
568 246 267 139 118 222 342 618 | 3,480 | 1,930 918 458
568 246 222 139 113 222 342 646 | 3,480 ; 1,680 846 458

199 209 144 105 222 342 833 | 3,740 | 1,680 458
718 199 222 149 110 222 342 944 | 4,000 | 1,450 758 458
718 199 230 149 110 237 342 | 1,170 | 4,280 | 1,320 | * 680 444
798 199 252 149 110 237 361 | 1,460 | 4,420 | 1,320 680 430
798 190 222 144 108 260 361 | 1,690 | 4,350 | 1,360 606 423
798 190 209 139 104 361 | 2,100 { 4,280 | 1,400 508 371
718 190 209 139 118 237 361 | 2,320 | 4,290 | 1,490 620 371
643 178 209 130 130 222 388 | 2,380 | 4,170 | 1,450 590 37
568 166 209 126 130 222 442 | 2,380 | 4,030 | 1,450 643 364
493 165 216 120 125 237 495 | 2,260 | 4,040 | 1,410 643 352
493 165 222 115 135 237 556 | 2,210 | 3,790 | 1,410 643 334
423 165 159 110 180 260 618 | 2,210 | 3,530 | 1,410 643 ;323
358 165 149 110 190 260 687 1 2,160 | 2,940 ! 1,320 643 311
358 159 149 110 200 260 728 | 2,260 | 3,660 | 1,280 643 311
493 159 149 110 210 260 | 833 | 2,480 | 3,000 | 1,240 643 311
568 159 149 116 216 260 } 910 | 2,770 | 2,500 | 1,210 606 311
568 159 159 260 | 910 | 3,000 | 2,280 | 1,160 606 311
568 159 149 260 944 | 3,610 | 2,220 | 1,160 606 299
493 159 149 260 944 | 3,870 | 2,220 | 1,160 590 |- 299
423 190 149 260 [ 910 | 4,140 | 2,170 | 1,070 590 299
423 190 149 260 756 | 4,560 | 2,170 | 1,160 568 |© 311
358 190 149 260 756 | 4,700 | 2,170 | 1,070 516 317
209 222 139 244 742 | 4,070 | 2,170 | 1,050 486
299 222 128 230 728 | 4,070 | 2,120 990 472 410
246 274 118 222 728 | 3,870 | 2,070 990 472 486
246 118 209 |ouaneas 3,610 |__.... 990 458 | oeeeean

Monthly discharge of St. Mary River nearzBabb, Mond., for the year ending Sept. 30,
1921. e

Discharge in second-feet.
Run-off in
Month. ) acre-feet.
Maximum. | Minimum.| Mean,
.................................................. 798 246 527 32,400
........................................... 274 159 195 11, 600
...................................... 267 118 189 11,600
_______________________________________ 149 110 127 7,810
....................................... 230 104 157 8,720
................................................... 260 209 241 14, 800
............................................. 944 209 565 , 600
..................................................... 4,700 618 2,400 148, 000
I P, 4,420 2,070 3, 250 193, 000
2,020 990 1,380 84, 800
AUGUSE e cem o e e im e cc e mm e 958 458 657 40, 400
eptember
Septemb: 486 299 379 22, 600
The year 4,700 104 841 609, 000

ST. MARY RIVER NEAR KIMBALL, ALBERTA,

Locarion.—In SW. } see. 25, T. 1 N., R. 25 W. fourth meridian, 1 mile south
and 1 mile west from Kimball, Alberta, and 5 miles north of international
boundary.

DRAINAGE AREA.—472 square miles (measured on topographic maps).

RucORDS AVAILABLE.—January 1, 1913, to September 30, 1921. From Septem-
ber 1, 1902, to December 31, 1912, records were obtained at a point half a
mile north of the boundary line and are published in the water-supply
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papers under the heading ‘“8t. Mary River near Cardston, Alberta,” except
in Water-Supply Paper 491, in which they are published with revisions -
under the heading ‘“St. Mary River at Cook’s ranch, Alberta, near inter-
national boundary.” A station was maintained by the Alberta Railway &
Irrigation Co.' at a point half a mile below the present station, from 1905
to 1908. It was taken over by the Irrigation Branch (now the Reclamation
Service), Department of the Interior, Canada, in April, 1908, and was
operated until December 31, 1912. The records for this period are published
in Water-Supply Paper 491, under the heading ‘‘St. Mary River near
Kimball, Alberta, near international boundary.” The discharge at the
three points is practically the same. i

Gage.~—Stevens continuous water-stage recorder with a concrete well and
shelter on right bank; used during open-water seasons since April 10, 1916.
During winters since January 1,.1915, a chain gage at different datum
attached to highway bridge 3 miles below station, was read. Prior to
April 10, 1916, a Friez recorder ‘at same location and datum aé present
recorder was used during open-water seasons. During winters prior to
January 1, 1915, a staff gage at the Canadian station about half a mile
below was read.

D1sCHARGE MEASUREMENTS.—Made from cable 1,200 feet abové gage or by
wading near gage. ’

CHANNEL .AND CcONTROL.—Bed of stream at gage and at contrdl composed of
boulders and sandstone ledges. Control formed by an outcropping ledge
of sandstone covered with boulders near left bank; shifts occasionally
during high water.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage
recorder, 6.68 feet at 2.30 p. m. May 26 (discharge, 5,310 second-feet);
minimum discharge, 111 second-feet February 6 (stage-discharge relation
affected by ice).

1902-1921: Maximum stage recorded, 12.75 feet June 5, 1908 (discharge,
18,000 second-feet; estimated from crest stage at station at Cook’s ranch,
Alberta, by comparison with record for station near Babb); minimum dis-
charge, 46 second-feet December 1, 1919 (stage-discharge relation affected
by ice). A lower minimum may have occurred during winter periods from
1902 to 1912, for which only estimates of mean monthly discharge are
available.

Ice.—Stage-discharge relation seriously affected by ice during severe winters.

Diversions.—St. Mary canal, constructed by United States Reclamation
Service, diverts water from St. Mary River near Babb, Mont., to the North
Fork of Milk River. During 1921 approximately 72,000 acre-feet was
diverted. The Alberta Railway & Irrigation Co.’s canal diverts from St.
Mary River about 2 miles below the station.

Recuration.—Flow regulated by natural storage in St. Mary Lakes and by
Sherburne Lake reservoir on Swiftcurrent Creek.

Accuracy.—Stage-discharge relation for regular gage changed during winter;
affected by ice November 10-20 and December 2 to April 4. Two rating
curves used for regular gage; one, applicable October 1 to November 9, well
defined; the other, applicable April 5 to September 30, well defined between
300 and 4,450 second-feet. Rating curve for winter gage based on six
open-water measurements, used November 21 to December 1. Mean daily
gage height obtained from recorder graph by straight-edge method, October
1 to November 9 and April 3 to September 30; chain gage at highway bridge
read to hundredths once daily November 10 to April 1. Daily discharge
ascertained by applying daily or mean daily gage height to rating table
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except for periods of ice effect for which it was ascertained by means of.
gage heights, seven discharge measurements, observer’s notes, and weather
records, and except as noted in footnote to daily-discharge table. Open-
water records good; winter records fair.

CooPERATION.—Station maintained in cooperation with Dormmon Water Power
Branch, Department of the Interior, Canada.

Discharge measurements of St. Mary River near Kimball, Alberta, during the year
ending Sept. 30, 1921.

. Gage | Dis- - Gage Dis-
Date. Made by height. lcharge. Date. Made by height. |charge.
Feet. | Sec.-fl.
Qct. 6 | Lowrie¢and Hermanne 3.37 700 {| Apr. 7
Dec. 1) A. W.P.Lowrie ___._. 4,12 330 8
do 3.77 185 || May 12
4.28 193 || June 9
4.54 125 * 8
5.23 217 || July 7
5. 58 281 30
5.28 246 || Aug. 23
5,06 213 %217

s Engineer, Dominion Water Power Branch.
b Measurement made at highway bridge 3 miles below water-stage recorder; flow in canal of Alberta
Railway & Irrigation Co. included in result.

Nortre—Stage-discharge relation affected by ice Dec. 2 to Apr. 4; measurements made during this period
referred to chain gage at highway bridge. Measurements of Dec. 1 and Apr. 7 also referred to the chain
gage.

Daily discharge, in second-feet, of St. Mary River near Kimball, Alberta, for the
year ending Sept. 30, 1921.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
568 328 341 213 122 391 370 840 | 3,359 | 1,962 797 548
574 3 337 227 122 422 430 804 | 3,563 | 1,988 775 5200
574 332 302 194 118 413 430 768 | 3,665 | 1,949 761 515
596 207 288 179 118 395 384 804 | 3,546 | 1,793 734 505
632 200 241 182 120 395 339 840 | 3,665 | 1,627 694 500+
702 204 291 192 111 3956 402 3,003 | 1,462 648 491
771 300 | 288 194 116 445 1,067 | 4,108 | 1,336 617 476
793 204 288 182 116 382 471 11,345 | 4,306 | 1,288 564 486
809 272 264 176 116 326 476 | 1,649 | 4,396 | 1,241 526 505-
857 267 274 | 172 116 314 476 923 | 4,324 | 1,278 481 481
857 267 284 160 126 325 506 | 2,157 | 4,234 | 1,365 500 466
270 250 155 ! 126 281 2,107 [ 4,216 | 1,375 642 460
778 281 1421 135 284 575 | 2,264 | 4,126 | 1,345 088 454
680 270 257 139 135 284 593 | 2,197 | 4,022 | 1,316 741 448.
620 253 227 135 133 333 | 6542063 3,852 1,278 727 432
562 295 185 131 144 493 687 | 1,949 | 3,784 | 1,260 748 416
562 206 175 122 205 413 707 | 1,884 | 3,495 | 1,241 768 398-
535 288 169 120 210 413 761 | 1,884 | 3,240 | 1,205 754 304
506 284 158 120 216 391 818 | 2,368 | 3,038 | 1,152 720 394
562 302 148 120 221 357 908 | 2,958 | 2,814 | 1,134 727 384-
620 | 284 148 450 | 987 | 3,461 | 2,475 | 1,082 707 304
689 321 146 445 | 1,027 | 3,835 | 2,278 | 1,067 687 380+
715 284 146 450 | 1,051 | 4,162 | 2,251 | 1,036 661 304
716 267 144 432 870 | 4,450 | 2,224 995 642 398.
602 250 144 370 4,720 | 2,210 971 623 3688
.............. 506 274 139 247 700 | 4,908 | 2,210 | 1,027 605 427
o 424 2T 135 349 700 | 4,686 | 2,197 955 593 448.
| 404 284 208 321 720 | 4,270 | 2,105 892 548 491
- 372 274 194 299 734 | 4,073 840 548 526
. 364 3821 197 288 787 1 3,903 | 1,088 | 818 581 548-
.............. 356 |.......] 192 209 |.o_...-{ 3,609 |__.____| 818 520 |eeoen

Note.—Discharge interpolated on account of lack of gage-height record, Apr. 6, 30, May 2, 4, Sept. 12,.
183, z:nd 15; estimated Apr. 7. Diseharge ascertained by hour y-dischatge method, May 19, 22, 26, an:
ept. 26.
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Monthly discharge of St. Mayy River near Kimball, Alberta, for the year ending
Sept. 30. 1921.

Discharge in second-feet. i
Run-oft in
Month. acre-feet.
Maximum.| Migimun.{. Mean.
857 356 617 37,900
332 2501 288 17,100
341 135 220 13, 500
227 120 149 9, 160
341 111 174 9, 860
493 247 368 22, 600
1,051 339 646 38, 400
4, 908 768 2, 550 157, 000
4,306 1,988 3,260 | - 104,000
1,988 818 1,260 77, 800
797 . 481 653 40, 200
548 380 486 , 100
4,908 111 889 644, 000

ST. MARY CANAL AT INTAKE, NEAR BABB, MONT.

Location.—In NW. } NE. 1 sec. 27, T. 36 N., R. 14 W., 600 feet below intake
of canal and 2 miles south of Babb, on B}ackfeet Indian Reservatmn, in
- Glacier .County.

RECOBDS AVAILABLE.—June 1, 1918, to August 31, 1921

GacE.—Gurley printing water-stage recorder in. wooden shelter on right bank;
inspected by employees of United States Reclamation ‘Service. Prior to
April 17, 1919, a staff gage 300 feet above present gage was used. The two
gages were set to read the same but are not at the same datum on account
of the slope in canal between the two points.

DISCHARGE MEASUREMENTS.—Made from cable 10 feet a,bove ‘gage. ~ Current is
evenly distributed throughout cross section and has a moderate velocity at
all stages.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.08 feet
June 17 (discharge, 519 second-feet).

1918-1921: Maximum stage recorded, 7.04 feet August 8, 1920 (dlscharge
655 second-feet).

Ice.—Canal not operated during winter.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined
between 20 and 650 second-feet. Operation of water-stage recorder unsat-
isfactory; staff gage 300 feet upstream, read to hundredths twice daily.
Daily discharge ascertained by applying mean daily gage height to rating
table. Records good.

CoorERATION.—Station maintained in cooperation with Dominion Water_ Power
Branch, Department of the Interior, Canada.

St. Mary canal diverts water from the west bank of St. Mary River near
Babb, Mont., and discharges into 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 Milk River valley east of Havre, Mont. Water may be returned to
St. Mary River at St. Mary crossing.
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Discharge measurements of St. Mary canal at intake, near Babb, Mont., during the
year ending September 30, 1921.

) _ Gage Dis- ' y Gage | Dis-
Date. Made by height, | charge. || Date: Made by— t. | charge.

Feet. | Sec.ft.
May 14 | A. W. P. Lowriea 3.81 178 || July 29
25 | W. A. Lamb 3.72 226 || Aug. 3
June 10 | A, W, P, Lowrie 5.21 387 12
17 | W. A. Lamb 5.88 498 12
July 2; Dawson b axéd Lowrie_.| 5.26 383 15

W.A. Lamb.._._.____. 5.05 389

a Engineer, Domjmon Water Power Branch.
b Engineer, Canadian Reclamation Service.

Daily discharge, in second-feet,.of St. Mary-canal at intake, near Babb, Mont., for the
year ending September 30, 1921.

Day. May. | June. { July. | Aug. Day. May. | June. 1‘ July. | Aug.
320 412 382 220 483 379
332 406 383 221 519" 379
332 409 380 25| 514| 319
336 406 379 152 514 379
358 413 376 i85 500 379
349 413 371 167 428 379
360 410 345 179 438 379
357 410 360 177 427 379
396 400 366 239 413 379
418 412 362 232 409 379
431 392 224 412 384
470 392 47 224 410
470 392 uz7 224 409 380
431 392 246 408 380
460 19 273 409

202 | ... 380

Norg.—Canal head gates opened May 9 and closed Aug. 16.

Monthly dzscharge of St. Mary canal at_intake, near Babb, Mont., for the year
ending September 30, '1921.

Discharge in second-feet.
Run-off in
Month. acre-feet.

Maximum, | Minimum. | Mean.

62 198 9, 030
320 417 24, 800
379 301 24, 000

18 272 8,630

66, 460

ST. MARY CANAL AT ST. MARY CROSSING, NEAR BABB, MONT.

Locarion.—In NE.  sec. 30, T. 37 N., R. 13 W. Montana meridian, 250 feet
east of outlet of siphon by which canal crosses St. Mary River, 10 miles
below intake, and 9 miles north of Babb, in Glacier County.

RECORDS AvaiLABLE.—July 6, 1918, to August 16, 1921.

GageE.—Stevens continuous water-stage recorder in wooden shelter on right
bank; installed April 22, 1919. During 1918 a Stevens water-stage recorder
on concrete entrance to flume 313 feet downstream from present recorder.was
used.
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DiscHARGE MEASUREMENTs.—Made from cable 188 feet below gage.

CHANNEL AND coNTROL.—Control is at head of ‘the steel flume 313 feét below
= £28e. During 1921 débris deposited between gage and flume formed a
secondary control and caused a shift.

EXTREMES OF DISCHARGE,—Maximum stage recorded during year, 4.32 feet June
19 (discharge, 428 second-feet).

1918-1921: Maximum discharge recorded, 487 second-feet at 11 p. m.
August 8, 1920.

I¢e.—Canal not operated during winter.

Accuracy.—Stage-discharge relation changed during June by deposition of
débris between gage and control. Two fairly well defined rating. curves
used, one applicable May 12 to June 12, and the other June 24 to August
16; indirect method for shifting control used June 13-23...Operation of
water-stage recorder fairly satisfactory. Daily discharge ascertained by
applying to rating table mean daily gage height obtained from reqorder
‘'graph by straight-edge method except for period for which shiftmg-control
method was used and except for May 18, 21, and 23, and August 11-14 for
which hourly-discharge method was used on ac¢ount of considerable ﬂuctu-
ation in stage. Records good.

CoorEraTION.—Station maintained in cooperation with Domlmon Water Power
Branch, Department of the Interior, Canada.

Discharge measurements of St. Mary canal at St. Mary crossing, near Babb M ont.,
during the year ending Sept. 30, 1921.

I e
Sec.ft. Feet. | Sec.ft.
20 2n =
1
335 122 38
318 110 31
323

@ Engineer, Dominion Water Power Branch.
b Engineer, Canadian Reclamation Service.

Daily discharge, in second-feet, of St. Mary canal at St. Mary crossing, near Babb,
Mont., for the year ending Sept. 30. 1921.

Day. May. | June. | July. | Aug. Day. May. | June. | July. | Aug.
252 346 321 177 396
267 346 322 181 408
269 344 324 161 426
348 321 ¢ 121 428
288 346 319 148 422
284 348 315 151 376
286 353 295 156 366
288 349 206 142 364
311 348 312 177 353
327 342 |, 304 b} 353
349 335 267 187 349 324 |-
335 125 192 349 322 |-
376 333 107 197 348 321 |.
366 333 42 207 344 321 |-
366 333 29 220 348 322 |ccaccena
235 | ... 321 |-

Nore.—Canal head gates opened May 9 and closed Aug. 16,
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Monthly discharge of 8t. Mary, canal at St. Mary crossing, near Babb, Moni., for
the year ending Sept. 30, 1921.

-
Discharge in second-feet.
Run-off in
Month. acre-feet.
Maximum.| Minimum. | . Mean.

121 173 | . 8, 860

252 343 20, 400

319 331 20,400

20 232 7,360

...................... .55, 000

ST, MARY CANAL AT HUDSON BAY DIVIDE, NEAR BROWNING, MONT.

Location—In NE. } sec. 5, T, 37 N., R. 11 W., on Hudson Bay divide, 12
feet above first concrete drop in canal, on Blackfeet Indian Reservation,.a
quarter of a mile south of international boundary, and 30 miles north of
Browning, in Glacier County.

RECORDS AvAILABLE.—July 3, 1917, to August 20, 1921,

Gacg,—Btevens continuous water-stage recorder .in wooden shelter on left
_bank used since June 29, 1920. The recorder was on right bank, 40 foet
" above present site, during 1919 and from May 25 to June 28, 1920. Prior

"to 1919 4 staff gage at different datum, located at Douglas bridge 1 mile
above was used.

DiIsCHARGE MEASUREMENTS.—Made from cable 500 feet a,bove gage.

CHANNEL AND CONTROL.—Canal has uniform section. At high stages the slope

"~ of water surface changes slightly with the change in stage. Control is V-
shaped notch in the concrete drop 12 feet below gage.

EXTREME OF DISCHARGE.—Maximum stage recorded during year, 5.58 feet June
20 (discharge, 460 second-feet).

1917-1921: Maximum discharge recorded, 472 second-feet at 6 p. m.
August 9, 1920. :

Ice.—Canal not operated during winter.

Accuracy.—Stage-discharge relation permanent. Rating curve well defined be-
tween 30 and 250 second-feet fairly well defined outside these limits. Opera-
tion of water-stage recorder satisfactory. Daily discharge ascertained by
applying to rating table mean daily gage height obtained from recorder
graph by inspection or by straight-line method, except for May 13, June 10,
11, and August 12-18, for which it was ascertained by averaging the dis-
charge for hourly intervals, owing to rapid fluctuation in stage. Records
good.

CooPERATION.—Station maintained in cooperation with Reclamation Service,
Department of the Interior, Canada.

Discharge measurements of St. Mary canal at Hudson Bay divide, near Browning,
Mont., during the year ending Sept. 30, 1921.

Date. Made by— hg'ia g el.‘lx?iirsg.e. Date. Made by— h(:fg e IDl;e.

Feel. Feet. | Secft.

May 16 4.03 3.58 126

June 8 4,99 3. 56 123

July 12 i) % g % l%g

Aug. 4 4.84 2.20 33
12 4.20 \

¢ Engineer, Canadian Reclamation Service. % Engineer, Dominion Water Power Branch.
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Daily dzscharge ini second-feet, of St.. Mary canal at Hudson Buoy dwbdc; inear
érowmng, Moni.,; for the year emimq Sept 30, 1921. ..

.Day, May. | Jupe. July May Juga. Jul;
1, u4 | 348

2. - 275 3447
3. 282 370
4 284 348
[ 5 S A, I, 299 346
6. —— 314 342
Teqmeccceccamenae]|animadan 308 346
314 350
307 346
326 342
0 384 337
0 373 .
131 308 331
138 410 328

49| 33| 333] 39

Norr.—Head gates opened May 9 and closed Aug. 16.

M onthly discharge of 8t. Mary canal at Hudson Bay dunde, near Browmng, Mont.,
for the year ending Sept. 30, 1921,

Discharge in second-feet. L
~ | Runvoffim.
Month. ma-teet
Maximum. | Minimum. }  Mean.

M . .-
May 11-3) s e cme e ————— (225 - [ 2 47 - 6120
JUDB. o oo e mm e ——— 460 | 244 3611 21,500
July.. e mm——————— 370 297 326 20, 000
August 1-20. § . 811 .6 1184 |- 7,800
The Perfod-- oo cenememme oo oo e . 53, 900

SWIFTCURRENT CREEK AT MAKY GLACIER, MOKT.

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

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

Recomps AvaiLaBLE.—June 6, 1912, to September 30, 1921.

GageE.—Stevens continuous waf»er-stage ‘recorder installed June - 15, 1918 in
shelter built by park officials and Great Northern Railway, and referred to
two staff gages, one inside stilling well and one outside; inspected by C. NV
MoGillis. Prior to May 23, 1916, a staff gage on left bank.opposite present
gage was read. May 23, 1916, to June 15, 1918, a vertical staff at same loca-
tion 'as present gage was read.

DISCHARGE MEASUREMENTS.—High-stage measurements since June 26, 1920,
made from cable, 1,000 feet below gage; prior to that date from highway
bridge above power house. Section at bridge poor. Low-stage measure-

. ments made by wading above crest of falls or at cable section.

CHANNEL AND coNTROL.—Control is limestone outcrop at outlet of lake; shifts
slightly. Just below control is a fall and a cataract.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.97 feet at
8 a. m. May 26 (discharge, 1,100 second-feet); minimum sta,ge, 1.46 feet
February 9 (discharge, 27 second—feet)

1912-1921: Maximum stage recorded, 4.75 feet June 17, 1916 (discharge,
1,550 second-feet); minimum discha.rge, 8.7 second-feet April 1, 1913, by
current-meter measurement (stage-discharge relation affected by ice).

Ice.—Stage-discharge relation occasionally slightly affected by ice.

. Diversions.—None.

RecuraTion.—None.
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Accuracy.—Stage-discharge relation changed slightly during winter. Two
rating curves used; one, applicable October 1 to February 26, well defined
between 60 and 400 second-feet and fairly well defined outside those limits;
the other, applicable May 25 to September 30, well defined between 60 and
500 second-feet and fairly well defined outside those limits. Mean daily
gage height obtained by inspection of recorder graph, October 11 to Novem-
ber 4, May 25 to June 8, June 14 to July 18, and July 25 to September 30;
staff gage read to hundreths once daily, January 2 to February 26. Daily
discharge ascertained by applying daily or mean daily gage height to rating
table except for periods of no record for which it was ascertained as indicated
in footnote to daily-discharge table. Records good for periods during which
gage-height record was obtained; others fair.

CoOPERATION.—Station maintained in cooperation with Dominion Water Power
Branch, Department of the Interior, Canada. '

Discharge measurements of Swiftcurrent Creek al Many Glacier, Mont., during
the year ending Sept. 30, 1921.

N . .

Date. Made by— hgia e clglf'ge_ Date. Made by— hgigqft. chgi'sg-e.

Feet, | Secft. X Feet, | Secft.

May 25 | W. A. Lamb__.____..__ 3.72 978 || Aug. 2| A. W.P. Lowrie..____. 2.22 180

Jongoid | oiou0pm oo panemapocc| . 3.40. 730 22 | W.A.Lamb__.________ 1.97 103

July:- 8 “Dlawsot 6 and Lowrled ) 2762 325 24| O.H.Hoover b._......| 1.94 100
28 | W.A. Lamb.______.__. o 2.3 200 ‘

¢ Engineer, Canadian Reclamation Service.
Engineer, Dominion Water Power Branch.

Daily discharge, in second-feét, of Swiftcurrent Creek at Many Qlacier, Mont.,
for the year ending Sept. 30, 1921. !

Day. | Oct. | Nov. | Jan. Feb. | May. | June, | July. | Aug. | Sept.
644 491 181 103
674 446 181 98
565 362 178 89
550 [ 318 174 85
785 322 151 74
962 327 134 66
975 331 128 61
937 358 131 62
949 380 136 66
861 344 148 62
773 310 148 58
686 284 139 58
638 276 128 58
735 276 126 51
598 284 131 48
501 276 136 45
435 280 139 45
442 264 128 45
468 236 123 4
506 270 112 42
559 305 110 33
639 268 103 35
686 238 98 40
570 214 98 40
656 214 96 38
598 197 91 55
511 194 89 78
491 197 89 76
451 197 91 76
446 190 89 72

532 184 7

NoTE.—Recorder not operating, discharge interpolated, Oct. 1-10; discharge estimated, June 9-13 .
and July 19-24. No record obtained, discharge not determined, Nov. 5 to Jan. I and Feb. 27 to May 24.
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Monthly discharge of Swificurrent Creek at Many Glacier, Mont., for the year
ending Sept. 30, 1921.

[Draiunage area, 31.4 square miles.] '

Discharge in second-feet. Run-off.

L]

Month. e . Per

Maximum. | Minimum.| Mean. square Inches. ' | Acre-feet.
e,

October ... 154 74 105 3.34 3.85 8, 460
November 14 _____ ... ... 67 59 63.8 2.03 .30 506
January 2-31.._ -- 43 34 -37.6 1.20 134 2,240
February 1-26__ ... . ... ___. 154 27 55. 2 1.76 1.70 2, R50
May 25-31.__ . 1,070 448 704 22.4 5.83 9,770
June....__ 975 435 642 20.4 22.76 38, 200
July.....__ 491 184 285 9.08 10.47 17, 500
August.... - 181 87 126 4.01 4.62 7,750
September. ...l ... 103 33 60.0 191 2.13 3,570

SWIFTCURRENT CREEK AT SHERBURNE, MONT.

LocaTion.—In sec. 35, T. 36 N., R. 15 W., 800 feet below spillway. of Sherburne
Lake dam, in Glacier County.

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

RECORDS AvAILABLE.—July 1, 1912, to September:30; 1921

Gage.—Stevens continuous water-stage recorder, installed May 18 1921, on
left bank 800 feet below spillway of Sherburne Lake dam; referred to staff
gage which was installed at same site, August 10, 1920. From July 1, 1912;
to November 9, 1914, a vertical staff gage was maintained on left bank near
outlet of lake and at a different datum from present gage. November 10,
1914, to August 9, 1920, a staff gage on left bank about 300 feet below
splllway of Sherburne Lake dam was read.

DISCHARGE MEASUREMENTS.—Made from cable 450 feet above gage.or by wading.

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

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6. 10 feet May
28 (discharge, 1,200 second-feet); minimum discharge, practically no flow,
at times during period June 21 to July 8 when gates in dam were closed.

~1912-1921: Maximum stage recorded, 7.85 feet June 17, 1916 (discharge,
2,280 second-feet); minimum discharge, practically no flow;- oceurs When
gates in dam are closed.

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

Diversions.—None. -

RecuLaTiON.—Flow regulated by gate operations at dam.

Accuracy.—Stage-discharge relation changed slightly by a landslide April 17;
not affected by ice. Rating curve used October 1 to April 17, fairly well
defined between 90 and 300 second-feet; curve used April 18 to September
30, well defined between 160 and 1,100 second-feet. Staff gage read to
hundredths once daily October 1 to May 17; operation of water-stage
recorder satisfactory thereafter. Daily discharge ascertained by applying
to rating table daily gage height from staff gage or mean daily gage obtained
from recorder graph by straight-edge method except for periods indicated in
footnote to daily-discharge table. Records good except for periods when
gates in dam were closed.

CooPERATION.—Station maintained in cooperation with Dominion Water Power
Branch, Department of the Interior, Canada.
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Discharge measurements of Swiftcurrent Creek at Sherburne, Monl., during the
year ending Sept. 30, 1921.

o [ Gage Dis- . ' . Gage Dis-
Date. Made by— i height. | charge. Date. Made by height. | charge.
i g
| Sec.-ft. Feet. | Sec.ft.
May 23 985 || Aug. 2| A. W.P.Lowre d____.| "2.98 234
25 1,050 24 | 0. H. Hoover d......_. 2.49 183
July 26 259 '

¢ Engineer, Canadian Reclamation Service.
b Engineer, Dominion Water Power Branch,

Dady discharge, in second-feet, of Swiftcurrent Creek at Sherburne, Mont., for the
. year ending Sept. 30, 1921. ’

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
72| 176 4 39 156 | 753 0.5| 255 120

171 41 39 10 | 155 |1,080 L2] 249 120

72,1 .. 187 39 38| 81| 161! 154 (1,040 10| 241 120

v2'1 77208 41 35| 92| 146 ] 154 |- 998 .81 233 119

72| 193 43 30 95| 141 180 | 9087 .81 22 119

72| ‘18| 46 30 96| 134 | 177 |1,000 70 11 -119

72| 156 46 30 96| 131 1,030 .6] 163 118

72| 123 45 30 98| 19| 539 1,050 6| 163 118

(72 86 45 30 93| 108! 569 [1,060 48 155 - 119

72| "85 44 32 89| 106 615,040 [ 255 150 118

7 7% 41 47 851 104] 66211,040 | 256 155 119

71| 70 39 57 - 8L] 108 8678 1,040 | 265 158 119

. 62 39 871 72! 140| 646 (1,040 | 259 158 |~ 118

7.3 't 55 20| 106 65| 188 [ 584 |1,080 | 250 158 119
50| 70 55 20| 105 47 | 133 | .495 (1,000 | 260 158 119
884 70 54 30| 101 57| 105| 467 962 | 264 156 119
3.8 70 83| 40 63| 146! 4541 018 | 264 156 119

| 38 81}, 51 40 | 74| 294| 518| 882 | 266 158 119
303 110 51 40 85| 368 615 266 171 119
486 110 51 40 89| 422| 788 314 |262 1771 119
444 110 50 39 74 363| 882 5.4 | 253 17| 119
426 110 47 40 74| 34| 926 4.2 | 2565 174 119
2607 |- 109 46 10 72| 316 | 980 401|285 | 169 119
98 | 109 4 40 65| 283 | 1,020 3.6 | 257 83| 119
62 109, 44 40 59 | 241 | 1,040 1.0 | 253 152 118
43 154 40 39 50| 191 1,080 1.2 | 253 143 129
43 197 40 40 45| 177 3 .8 | 285 133 143
13 197 39 39 20| 169 | 826 .6 | 255 129 192
T 43 180 39 39 631 161 /1,150 .5 | 285 123 248
.60 182 12 39 60| 158 | 1,100 L8255 |, 120 365
72 e 16 39 56 |.ieenn 793 |oeoeeen 255 120 |-eeeeoo

Nom.-—msehstgéaseertamed‘by hourly-dischargs method, Oct. 13, 14, 19, 23, 25, 30, Nov. 18, 26, Dec.
3, May, 27, 28, 31, June 1, 20, July 9, Aug. 6, and Sept. 28-30; = Gates in dam closed Oct. 14-18 and June 21
to July 8; flow represents leakage through gates.

Monthly discharge of Swiftcur}ent Creek at Sherburne, Mont., for the year endmg
Sept. 30, 1921.

Discharge in second-feet

. Run off in ©
Month. acre-feet.
Maximum.| Minimum.| Mean.
486 3.8 187 11, 500
197 70 99. 4 5,010
205 39 84.4 5,100
46 20 39.3 2,420
116 30 6.5 3, 890
98 40 73.5 4, 520
422 63 188 11,2000
1,150 154 628 38,600 -
1,080 .5 638 38, 000
266 .5 184 11, 300
256 120 167 10, 360
365 118 135 8,030
N T T I 1,150 .5 208 140, 000
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CANYON CREEK' NEAR MANY GLACIER, MONT. P ) ¢

LocaTioN.—At edge of heavy timber area, half a mile above mouth, in Glacier
National Park, 2 miles southeast of Many Glacier, in Glacier County.

DRAINAGE ‘AREA.——’?.O square miles (measured on topographical map). -

REcorDs avaiLABLE.—July 12, 1918, to September 30, 1921.

Gage.—Stevens continuous water-stage recorder on left bank. -

DiscrARGE MEASUREMENTS.—Made from footbridge at gage or by wading.

CHANNEL AND CONTROL.—Bed of stream covered with heavy boulders and cobble-
stones. Control is riffle about 20 feet below gage; may shift at high sta.ge
Banks high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded durmg year, 2.00 feet at
3 a. m. May 26 (discharge, 166 second-feet); minimum stage, 0.82 foot at
5 p. m. September 12 (discharge, 6.4 second-feet).

1918-1921: Maximum stage, 2.00 feet May 26, 1921 (discharge, 166
second-feet); minimum stage, 0.56 foot October 4 1919 (discharge, 3.3
second-feet).

Ice.—Station not operated during winter on account of severe ice effect.

Diversions.—None.

RecuLATION.—Some natural storage in small lake at head of creek no artificial
regulation.

Accuracy.—Stage-discharge relation changed slightly during winter. Rating
curve used October 1-31, fairly well defined.between 16, and 52 second-feet;
curve used May 25 to September 30, fairly well defined between 5 and 140
second-feet. Operation of water-stage recorder fairly satisfactory. Daily
discharge ascertained by applying to rating table mean daily.gage height
obtained from recorder graph by inspection except as.indicated in footnote
to table of daily discharge. Records fair. v

CooreraTIiON.—Station maintained in cooperation with Dominion Water Power
Branch, Department of the Interior, Canada.

Discharge measurements of Canyon Creek near Many Glaczer, Mont., during the
year ending Sept. 30, 1921. '

| Ga Dis- Gsa Dis-
Date. Made by— height. | charge. || Date- Made by— halgﬁ' charge.
' C Feet. | Sec.t.
Oct. 11 July 26 | W. A. Lamb........... 123 30.0
May 25 3 Aug. 23 |..... [+ (/Y L00 13.4
June 15 do . 24 | O, H. Hoovera__ L01 14.8
July 7 | Lowrieeand Dawsenbd.| 1.43} 53 |, .
a Engineer, Dominion Water Power Branch. b Engineer; Canadian Reclamation Service.:

Daily discharge, in second-feet, of Canyon Creek near Many Glacier, M ond., for the
year ending Sept. 30, 1921, ’

Day. Oct. | May.| June.| July. | Aug. Sepf:‘. Day. Oct. | May.| June.| July. | Aug. | Sept.

...... 93 271 23 . 14 leeo-aif B2 45 17

...... 91 77 26| 15 13 . 68 41 18
...... 7 58 26| 16 12 77 6 ‘I8 qu
AR i 79(. 35| 16 1

114 21 13 11 86 40’ 15

20 . -
; p 11 ela. 9% 41 13 21
------ 124 53 19 12 o7 nzyo38) .12)
..... 127 56 18111 10 108 34 13 2
120 62 18| 14 o N 96 34 1. 14 20
------ 108 64 1 947142 ne! 3| 14| 20
04| 54 2| 17 D !

) 9.0 142 100 30 13 30
) 3 DN 20 {oooa.] 120 46 20 | 10 971 114 93 26 13 31
12. 20 110 41 7.0 9.7 72| 89 2. 13 29
) & S 19 {eeeaee 100 41 16 9.4 9.4 621 87 30|13 28
) ¥ S 17 |aeciin 88 42 16 11 9.4 70.|.. 86 28 13 27
) ¥ T 16 |-acee- 77 44 16 11 9.4 82 28 13 |eaneus

Noze.—Recorder not operating, discharge estimated, Oct 1-10, 30, and 31; dischsrgo interpolated, June
i4and Sept 28-30. Braced ﬂgur'e shows mean discharge for peg'od indicated. !
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Monthly discharge of Canyon Creek near Many Glacier, Mont., for the year ending
Sept. 30, 1921.

[Draipage area, 7.0 square miles.]

Discharge in second-feet. Run-off.

Month. Por
Maximum, | Minimum.| Mean. sgllillare Inches., Acre-feet.

20 9.0 149 213 2.47 916
142 62 97.7 14.0 3.64 1,360
129 68 97.4 13.9 15.5 5, 800

93 28 4.7 6.39 7.37 2,750

27 12 17.3 247 2.85 1, 060

31 7.0 17.1 2.44 2.72 1,020

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, in Cass County.

. DRAINAGE AREA.—6,020 square miles.

RECORDS AvaiLABLE.—May 27, 1901, to September 30, 1921.

Gage.—Vertical staff attached to tree on left bank about 6 rods above the dam;
vertical staff for use at low stages attached at upper end of fishway at left
end of -dam; read by. R. T. Jacobsen, city engineer of Fargo. Prior to Sep-
tember, 1914, gage readings were obtained from a vertical staff attached to
breakwater for center pier of Front Street Bridge; this gage is still main-
tained and used by the Weather Bureau. Datum of Front Street gage is
such that if the dam were removed, or if the stage were so high as to com-
pletely submerge the dam, readings on the Front Street gage would be ap-
proximately 10.4 feet greater than on the gage now used. Dam is com-
pletely submerged at gage height about 5 feet on present gage.

DisCcHARGE MEASUREMENTS.— Made from footbridge at gage.

CHANNEL AND CONTROL.—Bed composed of clay and silt; nearly permanent.
Control is timber-crib dam, rock filled, below gage; has settled until the
lowest point of crest is about 0.7 foot above gage zero. At extreme low
stage the fall over the dam is about 5 feet.

EXTREMES OF DISCHARGE.— Maximum stage recorded during year, 4.7 feet April
6 (discharge, 1,970 second-feet); minimum stage, 1.15 feet September 24
(discharge, 48 second-feet).

1901-1921: Maximum stage recorded, 19.9 feet April 6, 1916 (stage-dis-
charge relation affected by ice); maximum open-water stage recorded, 17.34
feet July 11, 1916 (discharge, 7,740 second-feet); minimum stage recorded,
1.0 foot February 11, 1918 (discharge not determined).

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

Drversions.—None.

REecuLAaTION.—NoO power plants or storage above station within 60 miles. Stor-
age not great enough to noticeably affect discharge at station.

Accuracy.—Stage-discharge relation changed slightly owing to settling of dam;
slightly affected by ice. Two fairly well defined rating curves used; oné
applicable October 1 to March 31, and the other April 1 to September 30.:
Gage read to hundredths six times a week except during winter when it was.
read once a week. Daily discharge ascertained by applying daily gage height
to rating table except-as indicated in footnote to table of daily discharge.
Open-water records good; winter records fair.
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Discharge measurements of Red River at Fargo, N. Dak., during the year ending
Sept. 30, 1921.

Gage | Dis- ' Gage | . Dis-
Date. Made by— Date. Made by— &
. height.) charge. : [eight. | chistge.
. | Sec.-ft.

Oct. 10 | E. F. Chandler. .....__ 375 (| May 2
Nov. 1| W, L. Stockwell 3 479 30 .. - 233 456
Feb. 7 |..... (i [ . 234 | June 16 | Chandler and Stockwell] 2,48 501
Apr. 2 (... (i 1, S 756 || Aug. 31| E. F. Chandler._..___. 1.56 136

e Stage-discharge relation affected by ice.

Daily discharge, in second-feet, of Red River at Fargo, N. Dak., for the year ending
' Sept. 30, 1921.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
485 462 420 300 475 645 475 303 284 129
462 462 462 340 569 619 521 210 264 129
462 400 440 320 844 594 | 1,000 222 U9 72
462 420 440 3201 1,120 569 | 1,150 234 257 12
462 420 40 327 | 1,600 521 | 1,100 246 257 152
462 420 40 334 | 1,970 569 | 1,080 303 2 192
462 441 462 340 | 1,240 569 | - 945 303 | 192 253
462 462 420 300 | 1,000 545 890 276 150 192
462 485 340 300 890 521 780 260 162 92
462 462 262 300 822 521 752 278 192 192
462 440 217 280 752 498 725 295 192 159
462 420 258 300 475 672 272 1 159
462 400 300 310 671 475 619 272 145 144
462 350 340 320 569 498 160 129
485 300 340 320 594 510 594 295 176 129
485 320 320 545 521 475 201 162 159
485 400 280 320 545 475 569 207 144 176
485 420 192 400 545 498 498 308 1 152
485 400 210 530 545 408 510 303 135 128
462 400 214 555 521 521 521 308 1 144
440 400 218 580 475 475 498 264 144 102
485 400 222 730 475 498 475 264 120 78
485 400 226 755 498 521 257 102 57
474 440 20 808 522 521 386 216 129 48
462 430 235 836 545 475 386 176 179 60
462 420 240 890 594 475 386 176 176 90
162 440 U5 836 619 475 386 179 102 68
440 400 250 780 594 452 344 179 201 129
440 400 255 730 645 452 386 159 210 {210
162 400 260 580 671 452 308 227 213 344
462 ... 265 530 |oeeeoo- 464 ... 256 102 |._...._.

NoTE.—Stage-discharge relation affected by ice Dec. 7 to Mar. 16; discharge .ascertained :by. means of
occasional gage readings, onie ‘discharge measurement, observer’s nctés, and weather records, a3 follows:
Dec. 7-31, as given in table; Jan. 1-31, 220 second-feet; Feb. 1-28, 240 second-feet; Mar. 1-16, 8s given in-:
table. Qage not read on Sundays during open-water periods, except Oct. 31, Nov. 28, and Sept. 11; dis-
charge interpolated. Gage also not read on the following days: Nov. 25, May.31; July 4, Aug. 8,13 and
Sept. 5, discharge interpolated. During period of ice effect the gage was read only on the (ollqwmg days:
Dec. 7-11, 13-19, 27, Jan. 3, 10, 17, 20, 21, 26, 31; Feb. 7, 8, 15, 22, 28; Mar. 14, 7-12, and 14-186.

Monthly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1921.

Month Discharge in\ second-feet. Run-off in
Maximum. | Minimum.| Mesn. | acre-feet.
|
466 | 28, 700
414 24, 600
306 18,
220 1 13, 500
240 13,300
480 29,
1738 43,900
513 31,
613 -36, 500
15, 600
183 11, 300
140 8, 330
381 276, 000

Nore.—See footnote to table of daily discharge. |
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RED RIVER AT GRAND FORKS, N. DAK. - TR

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

DRAINAGE AREA.—25,000 square miles.

RECORDS AVAILABLE.—May 28, 1901, to September 30, 1921; gage-hexght
records have been kept by the United States Engmeer Corps since 1882 and a
few discharge measurements were made by them in early years.

Gage.—Vertical staff with enameled face attached to ice-breaker below center
pier of Northern Pacific Railway bridge; installed by United States Weather
Bureau during winter of 1916-17 beside old Geological Survey staff gage
which was used prior to 1917, but at a datum 5 feet higher. The observers,
H.L. Hayes and Alex. Slattery, add 5feet to gage readings to reduce them
to datum of old Geological Survey gage. Another vertical staff gage
attached to the ice-breaker beside the enameled gage and at the same datum
is used by the United States Engineer Corps. Prior to 1918, when the rail-
way bridge was partly rebuilt, a chain gage, attached to middle span of the
bridge, was maintained for use in case the staff gages were destroyed. This
chain gage has not been replaced since 1918.

DiscEARGE MEASUREMENTS.—Made from Great Northern Railway bridge a
quarter of a mile above gage.

CHANNEL AND coNTROL.—Bed composed of clay and silt; shifts only slightly.

EXTREMES OF DISCHARGE.—Maximum stage during year, 20.9 feet April 10
(discharge, 11,500 second-feet); minimum stage, 2.5 feet August 24 (dxs-
charge, 230 second-feet).

1882-1921: Maximum stage recorded, 50. 2 feet April 10, 1897 (discharge,
43,000 second-feet); minimum discharge, about 100 second-feet during early
part of February, 1912 (stage-discharge relation affected by ice).

.Jce—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 steady with few fluctuations; in determining flow during
spring break-up, however, corrections amounting to several feet at t:mes
must be applied to gage heights before applymg them {o open-water rating
table owing to backwater from ice jams.

Diversions.—None.

Reaurarion. ‘No power plants above with sufficient storage to cause noticeable

" variations in flow.

AGCURACY——Stage-dlscharge relation practically permanent except as affected
"by ice. Rating curve well defined beween 650 and 16,000 second-feet;
fairly well defined above 16,000 second-feet Gage read to quarter-tenths
once daily except during period December 26 to March 14 when it was read
twice weekly. Daily discharge ascertained by applying daily gage height
- to rating table except for period of ice effect for which it was ascertained as
indicated in footnete to daily-discharge table. Open-water records good;
winter records fair.

Mscharge measurements of Red River at Grand Forks, N. Dak., during the year
ending Sept. 30, 1921.

i Gage | Dis- : Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
L Feet. | Sect. Feet. | Sec.ft.
Jan, 13 | W. L Stockwell. ... a5 80 729 || Apr. 19 Stockwell and Qsakley..| 8.20 2,540
Fob. 26 | ___.do.._______________ ag. 39 721 || Aug. 5| E.E. Foster........... 4.69 859

e Measurement made through ice cover.
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Dm,ly discharge, in sewfui-feet of Red River at Gmnd Forks, N. Dak., for the year
. endmg Sept. 30 1921.

Day. Oct. | Nov, | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,120 | 1,120 833 | 3,400 | 2,800 | 1,690 ;, 140 833 1,340
1,070 | 1160 808 | 3,520 | 2,740 | 1, 1 708 | 1,360
1,070 | 1,160 7841 3,820 | 2,680 1,910 1,910 1,
1,070 | 1,160 760 | 4,240 | 2,620 % 1401 1,800 760 | 1,490
3,120 | 1,160 751 | 4,960 | 2,560 1,690 760 1,
1,120 | 1,160 742 | 6,230 | 2,600 2,800 | 1,640 | “724| 1,600
1,160 | 1,120¢ 733 ) 8,280 | 2,880 3,100 |- 1,640 724 1, 800
1,160 | 1,070 724 | 10,300 | 2,260 3,280 | 1,590 688! 1,910

1604 1, 712 1 11,2001 2,140 | 3,400 | 1,590 656 1,970
1,160 | 1,030 | 700 | 11,500 | 2,020 | 3,400 | 1,540 622 1,910
11601 1, 680 { 10,800 § 1,910 | 3,340 | 1,540 590 1, 800
1,120 1,030 | 689 | 8,600 | 1,850 3,280 | 1,540 | 558| 1,690
1,070 | 1,070 | 6,360( 1,800] 3,220 1,540 1,500
1, 1,030 689 | 5020 1,740 | 3,160 1,500 468 1,640

1, 680 | 4,360 | 1,740 | 2,980°| 1,540 |~ 413 1,600
900 | 090 | 1,160 4,000 | 1,690 | 2,980 | 1,490 388 [ ' 1,590
1,080 990 ,160 { 8,620 ¢ 1,600 2,980 1,300 364 1,540
,030) 950 1,160 3,400} 1, 2,020 | 1,340 241| 1,400
1,080 950 | °1,200| 3,100 1, 2920 | 1,300] 320 1,300
4070 990/ 1,340 | 2980 | 1,500 | 2,860 | 1,200| 300 1,300
1,070 1,030 | 1,540 | 2,800 | 1,540 | 2,800 1,160{ 281 | 1,200
1,070 | 1,030 | 1,590 | 2,800 540 | 2,740 | 1,120 263 1,120
1,070} 1,030 | 1,800 2,560 1,450 | 2680 | Lo7o! 2461 1,070

..1,030 990{ 2,020 2,500} 1,490 | 2,620 | 1,030 230 1,

R 990 | 2,380 | 2,500 1,440 | 2,440 990 230 1,070
990 970 | 2,860 | 2,680 ] 1,300 { 2,380 950 364 1,160
990 0503 3,340 | 2,860] 1, 2, 380 010 796 1,250

1,030 | 950 { 3,880 2,620| 1,340 2,380 ( .871( 1,030 1,300
1,070- 9501 4,180 2,680 | 1,3907 2,380 ‘833 | 1,120 1,340
1,120 950 |.3,8%0 | 2560] 1,400 2260 | 833 | 1,200] 1,390
........ 950 | 3,700 {_. 1, 590 833 | 1,300 {__.__...

NOTE —S tage-discharge relation affected by ice Nov. 9 to A;{)r 6, discharge ascertained by means of gafe

twoafmb ge measurements, and weath ertecords 86 follows: Nov. 9 to Dec, 31 asgiven in table;”

J an., 1—31, 800 second-feet; Feb. 1-28, 730 second-fept; Mar. 1 to Apr. 6, as given in table. gperiods

Deé. 26-31 and Mar. 1-14, the gage Was read on]y on Dec. 27 and 31, Mar. 1, 4, 8, and 11 disc arge for
intervening days interpolated.

Monthly discharge of Red River at'qudeForlcs, N. Datk., for the year ending Sept. 30,

Discharge in second-feet.
Run-off in
Month. acre-feet.
Maximum.| Minimum. | Mean.

October. § 1,340 1,030 1,180 72, 600
November.. . .. covoeeeeeecaae 1,160 990 1,070 63, 700
1,160 950 1;030 63, 300
- - 800 49, 200
........ . 730 40, 500
4,180 689 1, 550 95, 300
11, 500 2, 500 4, 860 289, 000
2, 800 1,340 1,870 115, 000
3, 400 1, 690 2,720 162, 000
2,140 833 1,380 84, 800
1,300 230 603 37,100
1,970 1,030 1,470 87, 500
11, 6500 230 1,600 | 1,160,000

,NOTE.—Sée footnote to table of dz;ily @Mge.
81182—241t—wsp 525—3
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BOIS DES SIOUX RIVER NEAR TEHE’EY. MINN. d TR

LocarioN.—Near center of sec. 22, T. 130 N., R. 47 W., at Soo Railway bridge
~ 2 miles east of Fairmount, N. Dak., 5 xmles west of Tenney, Wilkin~ County,
Minn., and 15 miles below outlet of Lake Traverse.

DRAINAGE AREA.—1,460 square miles.

RECORDS AVAILABLE ~—Apr11 1, 1919, to September 30, 1921.

Gaae.—Vertical staff attached to eighth pile-pier from left end, of raﬁway bridge
used August 24, 1920, to September 30, 1921. Vertical staff attached to
sixth pile-pier from left end of railway bridge used April 1 to August 23,
1920; at same datum as staff gage on eighth pile-pier. Vertical staff attached
underneath right end of highway bridge, half a mile above railway bridge;

" used April 1 to September 6, 1919. Owing to slope of water surface the
-gage at the highway bridge does not read the same as the gage at the ra.llway
bridge for other than low stages. Gage reader, Math Schmit.

DiscHARGE MEASUREMENTS.—Made from highway bridge, from railway bndge,
or by wading.

CHANNEL AND CONTROL.—Bed qomposed of 8111; and fine clay, avergrown w;thv

‘aquatic plants which may, at low stages,. matemlly affect stage-dlscharge
relation. Shifts not likely to occur for normal velomtles are not swift enough”
to erode channel. . "

EXTREMES OF DISCHARGE.—Maximum dlacharge durmg year, 64 second-feet‘

* April 2 (stage-discharge relation affected by we) ; minfmum discharge, ng"
flow, August 18 to September 12.
1919-1921: Maximum discharge recorded 214 second-feet April 2 and 3.«
1920; minimum discharge same as for 1921.. ‘
A stage of 9.0 feet occurred in April, 1918 (diseharge not determined).

Ice.—Data inadequate for determining discharge during winter.

Diversrons.—None. . "

REGULATION.—NO reservoirs or. power plants ‘affect the flow. No.large tribu-.
taries enter between' outlet of Lake Tr,averse and the station and abrupt
changes in st&ge are unusual.

Accuracy.—Stage-discharge relation not permanent owing to growth of a.quatia
plants; affected by ice March 23 to April 3. Standard rating curve fairly
well defined between 6 and 166 second-feet extended above 166 second-
feet. Gage read to half-tenths four or five times weekly. Daily discharge
ascertained by applying to rating table the daily gage height corrected for

 backwater from aquatic growth, the amount of which had been determined
by means of discharge measurements, and by interpolating for days when
gage was not read, excep? for period of ice effect, for which it was ascertained
by applying to rating table the daily gage height corrected for ice eﬂ‘ect by
means of observer’s notes and weather records. Records fair.

Discharge measurements of Bois des Stouz River near Tenney, Minn., during the
. ) year ending Sept. 30, 1921.

Dote. | Madeby— |pRfl | e, | Date | Medeby— |hG: e
Feet. | SecHt. Feet Sec. -ﬂ
Oct. 9| E,F. Chandler.._..... 3.04 40,6 || July 9] E.¥.Chandler..._....
May 1| W.L. Stockwell___.___ 2,85 87.5 || Aug: 2 |'E.E.Foster.ceec-... l 66 : 1.4
June 17 | E. F. Chandler........ 2.73 15.8 .
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Daily discharge, tn second-feét; of Bois des Sioux River near-Tenney, Minn., for the
year ending Sept. 30, 1 921.

Day. Qct. | Nov. | Dee. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
43 30 19 |ooooooo 56 35 36 10
43 30 19 |ccceeaes 64 32 38 9
43 28 18 49 32 36 10
40 p44 18 e 34 32 34 10
40 26 34 32 32 11
40 - 0 PO PO 38 32 32 1

- 26 |, 38 32 32 1
42 b I N, 38 32 29 9
40 38 32 28 7
40 30 . 38 32 25 8
39 29 - as 30 4 10
38 b TN I P, 38 31 22 10
38 26 |.... 38 31 21 9
38 i 0 VO IO 38 32 20 8
38 - a8 33 18 T
38 a8 35 18 8
38 38 36 16 9
38 38 36 14 7
38 36 86 14 8
38 3 36 6
38 35 84 12 &,
38 38 32, 12 4
36 33 TR R V] 4
36 381 30 10 4
36 38 30 10 3
36 38 30 10 3
34 38 30 | 11 41
34 38 31 11 3
33 88 23 11 3
32 38 £ 10|, 3
31 |.... 36 3

Norte.—Discharge interpolated on account of lack of gage readings, Oct. 1, 4, 6, 8, 11, 13, 24, 28

3 R
Nov. 4, 7,9, 11, 1419, 21, 22, 24, 28; Dec. §; ‘Apr. 8, 7, 10, 14, 17, 21 25 Muy 1,8,6, 9, 12, 13, 15, ]6, 18, 21
5, 28, 29; funeS 8, 10, 13, 14, 16, 21 22 24, 26.28 30; Iulyl 3 4,6 8, 10, 12,14, 16, 19,21 29, 31; Aug
xﬁ 10 12, 17 18; Sept 14 ]6, 18, 21 26 2. Practxcally no (f uring period Aug. 8 ‘to Sept. 12.
two gage readings obta!ned during period Dee. 5 to Mar. 22; digchargo not determined.

-

Monthly discharge of Bois des Sioux River near Tenney, Minn., for the year ending
Sept. 30, 1921.

Discharge in second-feet. .
: Run-off in
Month. . acre-feet.
Maximum. | Minimum. | Mean.

43 31 38.0 2,340
30 18 2.5 1, 400
64 34 30.2 2,330
- 36 30 32.6 2, 000
———- 38 10 20.3 1,210
B 1 132N 1 3 6.04 | = 426
Augnst. 2 0 . 58 36
Beptember. ..o aiicaiacicncccaaen 1 0 4.33 258
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MUSTINKA RIVER ABOVE WHEATON, MINN.

LocaTioN.—On line between secs. 7 and 8, T. 127 N., R. 46 W., at steel-concrete
highway bridge, 1 mile upstream from Chicago, Milwaukee & St. Paul Rail-
way bridge, 1} miles northeast of Wheaton, Traverse County, and 8 miles
above Lake Traverse, into which the river discharges.

DRAINAGE AREA.—776 square miles.

RECORDS AVAILABLE.—March 23 to September 30, 1917, and June 25, 1919, to
September 30, 1921. June 7 to November 30, 1916, at point about 3% miles.
downstream.

Gace.—Chain gage attached to bridge; read by Vernon Heggen. An auxiliary
staff gage, for use during floods, is attached to the Chicago, Milwaukee &
St. Paul Railway bridge, 1 mile downstream from chain gage.

D1sCHARGE MEASUREMENTS.—Made from highway bridge to which gage is
attached, from steel highway bridge just below Chicago, Milwaukee & St.
Paul Railway bridge, or from highway bridge midway between them.
Measuring section at gage poor on account of angle of current; best section
at steel highway bridge below railway bridge. Flow of drainage ditch which
carries water around gage must be included in all measurements made from
bridge to which gage’is attached.

CHANNEL AND CONTROL.—Bed composed of firm gravel overlain with thin
deposits of clay and silt; practically permanent. Slope of river from station
to Lake Traverse is so slight that the stage-discharge relation may possibly
be affected by changes of stage of the lake.

EXTREMES OF DISCHARGE.— Maximum stage recorded during year, 5.5 feet April
2 (discharge, 287 second-feet); minimum stage, 1.12 feet August 29 and 30
.(discharge, 0.2 second-foot).

1917, 1919-1921: Maximum stage recorded, 14.7 feet April 1, 1917 (dis-
charge, 2,340 second-feet); minimum stage occurred in 1921.

“Ice.~—Stage-discharge relation seriously affected by ice. Data insufficient for
determination of discharge.

Accuracy.—Stage-discharge relation practically permanent. Rating curve fairly
well defined below 2,400 second-feet., Gage read to hundredths once daily
October 1 to November 6 and about six times weekly, April 1 to June 15;
from June 15 to September 30 it was read about twice weekly. Daily dis-
charge ascertained by applying daily gage height to rating table and by
interpolating for days of no gage reading as indicated in footnote to daily-
discharge table. Records fair. ’

Discharge measuremenis of Mustinka River above Wheaton, Minn., during the year
ending Sept. 30, 1921.

. Gage Dis- - Gage | Dis-
Date. | _ Made by height. | charge. Date. Made by heisht. | charge.
Feel. | See.ft. Feet. | Sec.Ht,
Oct. 10 | E. ¥, Chandler........ 1,39 1.6 || Jupe 19 | E. F. Chandler....___. 1.54 3.9
May 1| W.L. Stockwell....__. 2,24 32.3 || Aug. 3| E.E. Foster.om.oooo... 1.48 3.4
i
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Daily discharge, in second-feet, of Mustinka River above Wheaton, Minn., far the
year ending Sept. 30, 1921.

Day. Oct. | Nov. | Apr. | May. | June.
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Note.~Gage not read Nov. 7 to Mar, 81 except on Mar, 19; data insufficient for determination of dis-
charge. During period Apr. I to June 15 gage was not read on the following days and dxsnharge was inter-
polated: Apr. 3-5, 11, 13, 14, 16, 23, 24, 29, May 13, 22, 26, June 6, 7, 9, and 14. During period June 16 to
Sept. 30, the gage was read on the following days only and discharge was interpolated for intervening periods:
.;gne Ig,wﬁ, 20, July 3, 6, 8, 10-12, 16, 18, 22, 27, 30, Aug. 3, 6, 11, 17, 20, 22, 23, 27, 29, 30, Sept. 3,.7, 8, 19, 21,

, and 27,

Menthly discharge of Mustinka River above Wheaion, Minn., for the year ending

. Sept. 30, 1921.

Month. Dlsg:harge in second-feet. Run-off in

Maximum. | Minimum. | Mean. acre-feet,
3.2 L1 1L.70 103
287 17 59.6 3,540
62 .8 16.1 990
9.7 1.1 4.00 238
5.8 1.2 3.02 186
1.6 .2 .1 44
11.8 .3 4.13 246

RED LAKE RIVER AT THIEF RIVER FALLS, MINN,

Location.—In sec. 33, T. 154 N., R. 43 W., a third of a mile below dam at

. Thief River Falls, Pennington County, and 1 mile below mouth of Thief
River, which enters from right,

DRAINAGE AREA.—3,430 square miles.

RECORDS AVAILABLE.—July 1, 1909, to September 30, 1918, and March 25, 1920,
to September 30, 1921. ;

Gage.—Inclined staff on right bank; installed August-19, 1920; read by Dedrick
Knutson. The old gage, in use when observations were discontinued in
1918, was found practically destroyed when station was reestablished in
1920, and could not be rebuilt until August 19, 1920, on account of high
stages; a series of temporary gages was therefore used prior to August 19.

DisCBARGE MEASURBMENTS.—Made from cable 100 feet above gage.

CHANNEL AND CONTROL.—Bed composed of gravel and small boulders; prac-
tically permanent. .

#
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ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.7 feet April
8 (discharge, 3,200 second-feet) ; minimum discharge, 78 second-feet Novem-
ber 19 (stage-discharge relation affected by ice).

1909-1918; 1920-21: Maximum open-water stage recorded, 12.2 feet
April 19-21, 1916 (dlscharge, 3,700 second-feet); minimum dlscharge, no
flow, July, 17 and August 27, 1911 (caused by regulation).

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

RecuLaTION.—A short distance above station is a dam owned by Hanson &
Barzen Milling Co. and the city lighting plant. The variation in load on
the turbines, due to operation of the lighting plant (at night) and of the
mill {chiefly during the day), causes fluctuations in stage at the gage.

Accuracy.—Stage-discharge relation permanent except as affected by iee.
Rating curve well defined below 4,000 second-feet and fairly well defined .
above that point. Gage read to half-tenths once daily except during winter
when it was usually read every other day. Daily discharge ascertained by
applying daily gage height to rating table except for periods of ice effect and
for days of no gage reading, as indicated in footnote to daily-discharge
table. Open-water records good except for days of abrupt changes in stage;
winter records fair.

Discharge measurements of Red Lake River at Thief River Falls, Minn., during the
year ending Sept. 30, 1921.

3 Ga, Dis- Ga; Dis-
Date. Made by— heig%?t. charge, || Date. Made by— height. | charge.
Sec.ft.
Oct. 7 492 || May 17
Jan. 15 392 || June 25
Feb. 10 400 || Aug. 9
Apr. 4 1,410

& Btage-discharge relation affected by ice.

Dmly discharge, ir second-feet, of Red Lake River at Thief River Falls, .an., for
the year ending Sept. 30, 1921.

Dec. | Jan. | Feb. | Mar. | Apr. | May | June. | July. | Aug. | Sept:
357 323 200 258 6956 790 515 197 357
376 323 200 274 650 840 538 169 357
366 290 290 200 515 227 357
357 | 258 274 | 740 | 695 | 740 494 | 200 169
375 188 258 | 1, 500 650 840 543 323 119
393 119 258 | 1,790 650 790 412 357 97
375 238 274 | 2,640 650 740 452 268 143
340 357 290 | 3,200 650 790 494 258 143
306 369 279 | 1,640 605 740 412 274
340 381 268 | 1,430 516 740 412 181 323
357 393 258 | 1,170 582 740 412 88 290
290 227 258 1,170 650 6956 412 156 306
2714 282 2588 1 1,110 740 375 183 323
282 338 258 995 740 740 357 340
290 393 258 890 740 695 548 227 357
306 375 258 840 695 850 740 258 357
314 357 274 840 695 695 740 274
323 357 290 695 850 323 242 472
323 357 357 695 740 740 274 258 472
340 357 740 650 895 227 258 431
357 431 340 6956 650 850 258 | 274 452

1 418 357 840 650 538 242 258 412
473 406 290 740 650 650 258 258 393
515 393 357 740 672 650 258 242 | 357
431 381 357 740 695 605 266 242 375
393 369 560 | © 740 605 605 214 169 | 290
303 357 340 790 605 560 200 197 288
393 375 119 790 560 197, 227
393 131 740 516 538 393 197 258
357 375 143 740 | 538 143 200 1 197
340 357 197 |oceoaas 740 | 197 200 |cecmaen

Nore.—Stage-discliarge relation affécted by ice Nov. 10 to Apr. 7; discharge ascertained by means of
gage heights, two discharge measurements, observer’s notes, and weather records, During periods of
-Water the gage was not read on the foﬁowmg days arid dischaige was interpolated: Apr May T

24, July 5, 10, 15, 25, Aug. 10 and 28.

~
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Monthly discharge, in second-feet,. of . Red, Lake River:ai Thief. River. Fallp, Minn,
Jor the year ending Sept. 80, 1921.

Max- | Mink | 47, ok Maxi- | Mini-. :

Month. mum, | mum, | Mea. || Month. mum; | mum, | Mean.
357 45 518 659
78 . 350 - 838 601
274 I+ 360 143] 387
e | 340 28 237
200 332 97 308
119 282 —
28] 1,020 78 450

v T
Eo Toelh

RED LAKE RIVER AT CROOKSTON, MINN.

Location.—In sec. 30, T. 150 N., R, 46 W., at Sampson’s Addition steel highway
. bridge in Crookston, Polk Coutity, a quarter of a mile below dam and power-
house of Crookston nght Water & Power Co. No tributaries enter within
several miles. '

‘DrAINAGE AREA.—5,320 square males

‘RECORDS AVAILABLE—May 19, 1901, {to September 30, 1921. - '

QGage.~—Chain gage attached to Imddle span of highway bridge; installed July 1,
1909, and used thereafter until September, 1911, and during 1920 and 1921.
A Barrett & Lawrence waﬁer-stage recorder -on right abutment of same
bridge and at same datum as chain gage was used September, 1911, to Sep-
tember, 1919. Prior fo July 1, 1909, gage was on old Sampson’s Addition
bridge, about 300 feet upstream; this gage read the same as present one at
ordinary stages. = Observers, M. J. Dean and J. A. McLean, ., .

DISCHARGE MEASUREMENTS.—Made fmm highway bndge to whlch gage m
attached.

CHANNEL AND. GONTBOL —-Bed camposed of . sﬂt, gravel, and small boulders'
slightly shifting." Control not well defined. One channel at all stages:
ExTREMES OF DIBCHARGE —Maxigjum stage recorded during year, 6:1 feet June
11.{discharge, 1,690 second—feet), minimum stage, 3.2 feet August 4 (dis-
charge, 284 second-feet), prolsbly not actual extremes for the year. ot

1901—1921 Maxnnum open-water stage recorded 21 1 feet July 5, 1919
second-feet, by clm-ent-meter ‘heasurement made January 217, 1912 The
flow is conitrolled to such an’ extent that the minimum dwcharge has nb
bearing on the minimum natural flow. "

Ice *Stage-dlscharge relation seriously affected by 1ce Observatlons dlscon-

- tinued during winter of 1920°21, - .

RecuraTion.~—Diurnal fluctustion in stage, pamcula,rly at low water, is’ caused
by operation of power plant immediately above station and by another
~8.miles farther upstrearm: - Si:atage ateach of these plantsis comparatively
small, so that mean monthiy flow should répresent nearly the natural flow.

Accuracy.—Stage-discharge relation practically permanént. Rating eurve well
. defined. - Gage read to half-tenths once daily. ‘*Daily discharge sseertained
by a.pplymg daily gage height to rating table except as mdmated in footnote
to d.a.lly-dlscharge table, Records good .

S ’ . .
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Discharge measurements of Red Lake River at Crookston, Minn., during the year
ending Sept. 30, 1921.

Doio. | Moaeby— |.Gof | P | ue | aaovy— |,S08% | o
Feet | Sec-ft.
Oct. § 3.80 503 | May 14
Feb. 11 .| ©4.95 . 548 18
Apr. 16 5.65 1,430 || June 23

o Stage-discharge relation affected by ice.

Daily dzscharge, in second-feet, of Red Lake River at Crookston, Minn., for the year
endmg Sept. 30, 1981,

Day. | Oct, | Apr. | May. | June July. | Aug. | Sept.
595 850 990 436 675 475
555 900 990 | 1,090 475 585 | 397
555 1,090,( 1,140 75| 516 320
475 1,260 » 200 760 ‘284 515
516 |1 “1,040 | 1,140 805 | - 55§ 595
595 5 " 990 [ 1,260 760 '+ 515 - 516
595 | . 1,040 | 1,500 595 565 565
-~ 556 2,900 760 1,620 476 635 |- 596
535 [ <7V 1 - 806 .1,620.1 535 L 855 515
555 990 | 1,620 595 5565 585

) § IO 475 1,090 | 1,690 | 675 51? . 595
: 475 1,140 | '1,620 635 515
498 || 5. 1,140 I,%* 760 4754 555
515 L 1,040 | 1, 7180 515 515
495 [} 1,600 1 595} 1, 560 - 615 | o 555 595
495 675 | 1,320 595 515 675
515 805 | 1,380 515 515 635"
515 | 1,000}, 1,040 | 1,380 [ 555 436 595
5151 1,200 | 1,000 |.1,200 516 475 |, 596
635 | 1,260 | 1,040 | 1,000 516 475 595
635 675 805 | 1,090 bbb 475 595
635 000 | 1,140 | 1,090 475 475 595
896 940 | 1,040 320 475 655

1,380 { 1,040 760 320 475 555

1,140 | 1,080 | 715 320 515 555

ses | LMO| Lodo| 75| 436 | 515 615
1,320 - 940 715 475 | 478 515

1,040 940 760 475 515 515

1,140 850 *805 515 595 566

1,260 678 875 515 | . 516 515
........ 805 |oocoeos 515 515 S

Nore.—No gage-height record obtained Oct. 23 to Apr. 18; discharge not determined except tor peﬂods

Oct. 23-31 and Apr. 1-18, for which it was ascertained by means of weather records
inter olated Aug. 20, on account of missing gage he!

flow of adjacent streams, Dischar;
ods ind

ﬂgures show mean discharge for

ds and comparison with
feht.

Braced

Mcmthly discharge, in second-feet, of Red Lake Rwer at Crookston, an., for the
year ending Sept. 30, 1921,

Maxi- | Mini- Maxi- | Mini«
Month. - ‘mum. | mam. Meag. Month. mum, | mum. Moau
1,600 || July.___: 805 | 436 651
959 (| August. 675 284 517
1,190 || Septemb 675 320 547
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. THIEF RIVER NEAR THIEF RIVER FALLS, MINN. ;. R N T

Locarion.—In sec. 3, T. 154 N., R. 43 W 1 000 feet above steel hlghway bndge
in Marshall County, 5 mlles north of Thlef River Falls, Pennington Count y
and 5 miles above mouth of river.

DraiNage AREA.—1,010 square miles.

RECORDS, AvAILABLE.—July 1, 1909, to September 30, 1917; April 1, 1920, to

] September 30, 1921.

Gage.—Chain gage on cantilever timber fastened to a tree on right bank;
installed August 19, 1920, at same loeation and datum as former chain gage;
read by Byron Yager and Mrs. Margaret Hillyer. During period April 2 to
August 18, 1920, high stages prevented installation of the chain gage and a
series of temporary gages was used. An auxiliary staff gage is attached to
left abutment of highway bridge, 1,000 feet below chain gage.

DISCHARGE MEASUREMENTS.—Made from steel highway bridge 1,000 feet below
gage or by wading near gage.

CHANNEL AND coNTROL.—Bed composed of heavy gravel and boulders; prac-
tically permanent. One channpel a.t all stages. Banks high and not subject
to overflow.

EXTREMES OF DISCHARGE.—éMammum stage recorded during year, 9.9 feet April
5 (stage—dxscharge relation affected by ice); maximum discharge, 1,700
second-feet, oceurred at gage height 9.8 feet on April 6; mlmmum stage 3.3
feet November 20 (no flow).

1909-1917; 1920-21: Maximum stage recorded, 14.5 feet April 23, 1916
(discharge, 4,080 second-feet); practically no flow past the gage October 1,
1910, to March 12, 1911, August 2-13, 22-26, 1911, September 1-3, 5-12,
14-18, 1911, November 10, 1911, to Mareh 26, 1912, and November 16-21,
1920.

Flood of July, 1919, reached a stage of about 16.3 feet (discharge, about
4,900 second-feet).

RecuraTioN.—Dam at Thief River Falls, three—fourths of a mile below mouth of
Thief River, backs up water in Thief River to a point about 1 mile below the

. &age, but thestation-is protected from mﬂuenee of the dam by rapids in the
intervening length of ‘channel. ,

Accuracy.—Stage-discharge relation practwally permanent except as affected
by ice. Rating curve well defined below 3,800 second-feet. Gage read to
half-tenths onee daily except as noted in footnote to daily-discharge table.
Daily discharge ascertained by applying daily gage height to rating table
except as indicated in footnote to dmly-dmcharge table. Records good
excépt those estimated, which are fair. '

Discharge measurements of Thief River near Thief River Falls, Minn., during the
year ending Sept. 30, 1921.

Date. Made by— h(g;‘g e c}gifée‘ Date. Made by— h‘g&‘ift ch]girsg‘e_
Feet. | Sec.ft. ’ "Feet. | Sec. -ﬂ
Oct. .7 W. L. Stockwell . __.__ 4.04 7.4 || June 25 | E, F. Chandler._.._._. 4,20
gFr. ..... O i 8.68 506 || Aug 10 | E.E.Foster__.....__... 4,42 19 0
ay 17 | K. H. Oakley..._....._. 47 49 i

'81182—241—wsp 525—4
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Daily discharge, in second-feet, of Thief River near Thief River Falls, Minn., for e
the year endmg Sept. 30, 1921.

AS0S oSN owwm

Day. Oct. | Nov Apr. |-May. | June. | July. Aug. | Sept.
1 0.8 6.0 30 7 17 )
2 .8 5.2 60 o] 17| u
3 .8 4.0 100 105 |[ - 36 i A .
4 .8 4.0 486 36 |17 .
"8 R W 3.0/ 1,340 191} 38 13 L%
- 8ol 1.4 30| 1,700 191 28 17 .
oy L8 20| 1,050 218 28 17 .
8 1o L4} 1,020 246 28 ‘17 .
9 18 .8 878 c275 |- 28 f X 2,
10. 2.0 .6 878 @ A6 22 | 17 2
11, 14 .4 810 26| 22 | 13 2.
2 2.0 .4 612 22 13 4,
13 3.0 2| a8 86 13 o
14 4.0 .1 486 46 6.5 6.
15 1 .1 364 46 - 36 65| 17
16. 11 304 g 190 x 40| 1
17, . 9.0 246 46 2 4.0 22
18 11 38 22 4.0 2
19 1 36 22 4.0 28
20, ... un | 28 17 40| . :22!
21 13 28 17 2.0 2
22, 13 22 50l 13 2.0 36
23 1 22 13 2.0 36
2% 1 180 17 13 20| 38
2 13| 17 13| 13 20 36
26, 13 17 36| 95| 204 28
2.0 13 13 28 65 20| 28
S IS T 13 22 851 2.0 22
2. 9.5 - 22 6.5 20 22
30 - 9.5 20 ¢+ 221 13 2.0 17
31 6.5 |oomeeen 15 I : 3 I

miI;T]o'm ~Practically no ﬂow Nov. 16-20. No record obtamed Nov. 21 to Mar, 31; discharge not deter-

ed. No record obtained Apr. 1-3, 13-30, May 1-14, 20-31, Juns 1-4 and 12-24; mean d

arge ascer-

tained by means of weather records and comparison with flow of adjacent stroams Braced figures show
mean dlscharge for periods indm&ted

Monthly discharge, in seoond-féet of Thzef River mear Thwf River Falls Minn., for
the year ending Sept. 30, 1921. ,

Month. g&‘g’ g&g’ Mean. Month. gﬁ' ]]fulﬁ' Mean.
October. . oooooeeeeaens 13 0.8 6.76 46 6.5{ 220
April . .. 1,700 442 17 .8 8.35
ay. 48.8 36 .8 15.0
JUDe. e feenaa 121
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PEMBINA RIVER AT NECHE, N. DAK.

Locarion.—At Great Northern Railway bridge a third of a mile above Great
Northern Railway dam and two-thirds of a mile north of Neche, Pembina
County.

DRAINAGE AREA.—2,960 square miles (revised).

RECORDS AVAILABLE.—May 1, 1903, to September 30, 1915, and April 1, 1919
to September 30, 1921.

Gage.—Vertical staff bolted to concrete abutment at north end of railway
bridge; read by P. J. Horgan. Auxiliary staff gage attached to abutment
at north end of highway bridge 350 feet downstream.

DiscHARGE MEASUREMENTS.—Made from highway bridge 350 feet below railway
bridge; at very low stages made by wading below Great Northern Railway
dam

CHANNEL AND coONTROL.—Bed composed of clay and silt; slightly shifting.
Control is loose rock dam a third of a mile below gage; shifting.

ExTREMES OF DISCHARGE—Maximum stage recorded during year, 7.4 feet
April 13 (discharge, 733 second-feet) ; minimum stage, 3.3 feet September 23

and 24 (discharge, 4.5 second-feet).

1903-1915; 1919-1921: Maximum discharge recorded, 3,870 second-feet
May 2, 1904 (gage height, 20.9 feet); a stage of 21.4 feet (discharge, 3,850
second-feet) was reached April 8, 1913; minimum stage recorded, 1.3 feet
September 15, 16, 18, 19, and 21-24, 1911 (discharge, 1.0 second-foot).

IcE. —Stage-dlscha.rge relation seriously affected by ice.

ReguLaTiON.—The water is raised at low stages from 1 foot to 2 feet at the gage
by the loose-rock dam about 3 feet high, a third of a mile below, constructed
to give sufficient depth of water for the intake of -Great Northern Railway
water tank. There is considerable leakage through the dam, but no per-
manent determination of the effect of the dam can be made because it is
likely to be somewhat disturbed at its crest by ice run or spring floods in
any year. There are no reservoirs or power plants that affect the flow.

Accuracy.—Stage-discharge relation changed the latter part of May; affected
by ice November 13 to March 381. Two rating curves used; one, applicable
October 1 to May 27, well defined between 8 and 4,000 second-feet, the
other, applicable May 28 to September 30, well defined between 1.5 and 4,000
second-feet; the two curves are identical at and above 425 second-feet.
Gage read to tenths once daily except during period November 14 to March
25, when it was read but three times. Daily discharge ascertained by
applying: daily gage height to rating table except for period of ice effect and
for a few days when gage was not read for which it was ascertained as indi-
cated in footnote to table of daily discharge. Open-water records fair to
good; winter records poor.

Discharge measurements of Pembina River at Neche, N. Dak., during the year
. ending Sept. 30, 1921.

Date. Made by— hgé‘%et. chgi'sg-e.

Feet, Sec.-ft.

May 12 | E. E. Foster. - 4.68 165

June 28 | E. F Chaudler .................. 4.13 51
Aug F.11 T DR [ IR 3.81 18.1
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- Daily discharge, in second-feet, of Pembina River at Neche, N. Dak., for the year
ending Sept. 30, 1921.

Day. Oct, | Nov. | Mar. | Apr. | May. | June. | July. | Aug.| Sept.
201 1496 62 35 9
182 146 62 35 9
182 128 62 35 9
164 128 62 35 9
164 128 185 35 11
164] 128 185 35| 13
164 110 128 35 13
146 110 185 25 18
146 110 335 25 18
129 110 312 | 18 18

o' 290 18| 18
129 93 200 13 18
129 93 205 13 18
146 185 13 25
182 93 93 13 25
182 93 77 13 26
164 77 77 i3 25
164 77 Fid 13 25
164 77 62 13 18
146 77, 62 13 13
146 77 62 13 9
. 12 77 62 13 6
129 77 47 13 4.5
164 7 47 13 4.5
220 77 47 it 5
260 77 47 13 5
260 i 47 13 9
226 7 47 13 25
185 77 35 13 35
185 T7 35 - ] 47
146 35 L2 SR

NoTe.—Stage-discharge relation affected by ice Nov. 13 to Mar. 31; monthly discharge estimated as
follows: November, 95 second-feet; March, 50 second-feet; estimates for Deeembsr, J anuary, and February
withheld on account of lack of sufficient base deta. staharge interpolated Aug. 20, 27, and Sept. 5, on
account of lack of gage readings.

Monthly discharge of Pembina River at Neche, N. Dak., for the year ending Sept. 30,
1921. :

Disch i 4 .
Month ischarge in seoond(ioet. Run-oft in
Maximum.| Minimum.| Mean. | 20re-feet.

127 7,810

a 95 5, 650

a 50 3,070

358 21,300

169 10, 400
96.8 5, 750

113 6,950
18.8 1,160
16.2

@ See footnote to table of daily discharge.

_ROSEAU RIVER AT CARIBOU, MINN.

Locarrion.—In sec. 34, T. 164 N., R. 45 W., at steel highway bridge in Caribou,
Kittson County, 1 mile south of international boundary and 3 miles up-
stream from crossing of boundary line by river.

DRAINAGE AREA.—1,340 square miles.

RECORDS AVAILABLE.—April 1 to October 6, 1917; April 12, 1920, to Septem-
ber 30, 1921.

Gage,—Chain gage fastened to downstream handrail of bridge, 60 feet from
left abutment; read by James A. McKibbin.

DISCHARGE MEASUREMENTS.—Made from highway bridge or by wading.

CrANNEL AND coNTrRoL.—Channel is artificial, of trapezoidal cross section,
about 100 feet wide and 10 feet deep. Bed composed of hardpan with a
few scattered large boulders. Point of zero flow, bottom of channel, gage
height about 3.0 feet.
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EXTREMES OF DISCHARGE.~—Maximum stage recorded during year, 10.8 feet
April 11 (discharge, 1,980 second-feet); minimum stage, 3.2 feet July 24
and 25 and September 3-7 (discharge, 17 second-feet).

1917 and 1920-21: Maximum stage recorded, 11.5 feet April 15, 1920
(stage-discharge 'relation affected by ice); maximum open-water stage,
10.8 feet April 11, 1921 (discharge, 1,980 second-feet); minimum stage,
3.15 feet September 10-12, 29, and 30, 1917 (discharge, 4 second-feet).

IcE.—Stage-discharge relation seriously affected by ice. Observations dis-
continued during winter.

Diversions.—No diversions involving storage or loss of water. A small channel
about 3% miles long was dredged some years ago from a point about 4 miles
above the station to & point 1 mile below. At stages above about 6.0 feet
water flows in this channel and must be measured and ineluded in all
measurements of the main river,

REcuLATION.—None. :

Accuracy.—Stage-discharge relation practically permanent. Rating curve
well defined. Gage read to hundredths once daily, Daily discharge as-
certained by applying daily gage height to rating table. Records good.

Discharge measuremenis of Roseauw River at Caribou, Minn., during the year ending
: Sept. 30, 1921.

Date. Made by— hgig et c]ll):ée_ Date. Made’ by— hgl-gﬁ:. cl{)aisé&

Feet. | Sec.~ft. : Feet. | See.ft.
Oct. 6} W.L. Stockwell_...__. 3.35 34 || June 24} E. F. Chandler....._._} 3.66 62
Apr. 17 |- L 2y SO 9.99 | ¢1,670 | Aug. 11,| E. E. Foster......... -} 34 37

a Includes 265 second-feet measured in cut-off ditch.

Daily discharge, in second-feet, of Roseau River at Caribou, Minn., for the year
ending Sept. 30, 1821. :

Day. Oct. | Neov. | Apr. | May. | June. | July. | Aug. | Sept.
38 688 131 % 38 20
38 606 157 28 38 20
33 580 198 38 33 17
28 554 131 33 3 17
24 434 131 33 33 17
20 391 150 a8 33 17
20 312 170 43 38 17
20 312 184 33 38 20
20 312 191 33 43 24
20 204 208 33 38 28
24 277 228 33 38 33
24 277 213 28 38 38
24 260 184 33 33 43
24 260 164 28 33 43
20 260 138 28 28 43

244 119 24 24 48
228 107 24 p:: 48
228 102 % 24 63
228 | 96 24 24 80
220 85 24 20 96
206 74 20 20 107
213 68 20 20 119
206 63 20 20 131
198 58 17 20 144
191 58 17 20 144
191 48 20 20 144
184 43 24 20 131
157 38 4 20 119
167 33 33 20 107
157 28 43 20 96
144 §oeeaoo_o} 43 20 [-emeaane
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Monthly discharge, in second-feet, of Roseau River at Caribou, Minn., for the year
ending Sept. 30, 1921.

Maxi- | Mini- Maxi- | Mini-
Month. mum. | mum, Mean. Month. , | mum. ;| mum. Mean,
53 20 32.4 43 17 28.8
688 144 289 43 20 . 281
228 28 120 September...- 144 17 65.8

MOUSE RIVER AT MIKOT, N. DAK

Location.—At Anne Street footbridge, northeast of Great Northern Railway
roundhouse in Minot, Ward County.

DraiNAGE AREA.—8,400 square miles.

REcoRrDS AvAalLABLE.—May 5, 1903, to September 30, 1921.

Gage.—Temporary vertical staff gage on shore of river, 500 feet above Anne
Street footbridge; installed by observer about April 1, 1919, when old Anne
Street Bridge was taken down and the staff gage on that bridge was destroyed.
About March 10, 1920, a new vertical staff gage in two sections was installed
on the piers of the new Anne Street Bridge, but has been read only once &
week, the temporary gage being used instead. From January, 1910, to
about April 1, 1919, the vertical staff gage on the old Anne Street Bridge
was used. Prior to January, 1910, gage used was a vertical staff located
on a footbridge then existing about 20 rods above Anne Street. All gages
referred to same datum except the present temporary gage which reads
0.60 foot higher than the gage on Anne Street Bridge, but readings on the
temporary gage are reduced to correct datum. Observer, Ephriam Cox.

DiSCHARGE MEASUREMENTS.—Made from Anne Street Bndge, Nmth Street
Bridge, South Sixth Street Bridge, or by wading.

CuANNEL AND coNTROL.—Bed eomposed of clay and silt; practlcally permanent.
Control is timber and loose-rock dam 1 mile below gage at water tank of
Minneapolis, St. Paul & Sault Ste. Marie Railway. Dam is submerged
at high stages causing a reversal in the rating curve.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.5 feet
July 10 and 11 (discharge, 790 second-feet); minimum stage, 3.7 feet
February 19 (discharge, about 0.3 second-foot' stage-discharge relation
affected by ice.)

1093-1921: Max1mum stage recorded during penod 21.9 feet April 20,
1914 (discharge, estimated 12,000 second-feet); minimum stage, 1.8 feet
February 28, 1913 (discharge, 0.1 second-foot).

Ice.—Stage-discharge relation affected by ice.

REguLATION.—Dam about 5 feet high at Minneapolis, St. Paul & Sault Ste.
Marie Railway tank, 1 mile below, raises water at gage about 5 feet at ordi-~
nary low stage. The dam being designed merely to give enough depth of
water for the intake-pipe suction, has no sluices, but is not absolutely tight.
When discharge is less than about 6 second-feet, the water level falls pelow
crest of dam. '

Diversions.—None.

Accuracy.—Stage-discharge relation practically permanent except as affected
by ice. Rating curve well defined below 2,500 second-feet. Gage read fo -
half-tenths once daily, except during winter period when it was read only
once weekly. Daily discharge ascertained by applying daily gage height to
rating table except for period of ice effect for which it was ascertained as
indicated in footnote to daily-discharge table. Open-water records good;
winter records fair to poor. .

The following discharge measurements were made by E. F. Chandler:
July 6, 1921: Gage height, 7.31 feet; discharge, 531 second-feet.
September 5, 1921: Gage height, 4.86 feet; discharge, 39 second-feet.

,
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-

Daily discharge, in secondfeet, of Mouse Rivéer at Minot, N. Dak., for the year.
endmg Sept 30, 1921.

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

9 9 2.4 68 104 84| 260 194 . 18

9 |3 DO, - 82 06 34| 22| 174 18

7 9 . . X 146 5 29 237 187 18

7 9 7 164 82 29 309 104 18

7 9 |- L1 7 1947 82 34 862 75 21

7 9 | 174 75 29 469 82 21

9 9 164 82 29 627 58" 18

1 9 1.6 |- : 184 82| 20| 70| 0., 18

9 . {-2as 215 75 34 730 50t 14

7 248 62 34| 700 44 18

1 7 7 284 [::1 34 700 - 44 © V18

12 7 L1 11 296 68| 34 710 444 18

13 7 eaisd] 248 68 ‘20 |- 648 | 39| 18

7 S 9 7 I B o o20a| 62] 29 409 34| =

15. 9 Le (... 174 68 29 418 M . 21

16. 9 184 62| 25| ..362 - 34 21

18. 9 |- i S84 56 2% %@ 29 21

18, 7 A 194 60| .2{ 28| 25| - 29

19 7 y 3 17 184 39| 20] 2721 2 29

20. 7 L 17 {184 84 20| 72805 20 29

2. B 5 Py el 251 2187 84|29 | 200 | 20 25

22 B .9 1.6 30 184) .34|.. 28| 48| 2 25

2. 9 : 4] 1| 9| 5| A/ B[ B

24 9 L 70:) 368 i 44 957 2267 25T 21

25 1 2.4 |.. .85 ). 187 4| 25| 26| 2| 2l

265, n iaal:. .24] .98 120y .80} 21| 2151 2} .2

2%....... S aenen 01 T . 85| 148 4 120 21 2 21

b FORRERREIE 8. i i85 <1281 S89| 215 28| .21 18

2. 9 1.8 5 | 120 39| 48| &7 18 18
80.... 9 ad " B0 120 4 272 K871 18]

3l,. 9 |--mrpe s ., 56 89 |oeeiee| <2381 14 femeeaes

ETVELN

NO‘I'E.—S e-disch e ra}ation wted by ice. Dec 20 to Mar. 25: Durins period Nov. 9 to Mar,
was reg?ig only o:réays for whicli discharge is given; mean monthly discharge estgmted on basiswf
occasiopal gage readings and weather records, as follows: November, 7.6 second-feet; Decembaer, 5.0
sécoud-feet January, 1.7 second-feet, February, 1.1 second-feet, and March, 28.0 second—feet. No gage
reading Aug 11; discharge inﬁerpolated.

Manthly dascharge of Mouse Rwer at Minot, N. Dak., for the year mdfing Sept.

30, 1921.
: . Discharge in second-feet.
. . . o | Run-off in
Menth. . . : acre-fest.
' Maximum. | Minimum. | “Mean. i
October 1 7 8.5( . &1
November. . - aar ‘ 7.6 452
Decem 5.0 307
January - 17 105
February ... 1.1 611
Mareh. 28.0 1,720
April ———- 296 68 176 0, 500
BY ceceentcmecccmcccecemeemneeemssceaeasee——————————— 104 34 59. 4 3, 850
June..._.. 272 21 53.6 3,190
July 215 381 , 400
August e s mireme e a e ——n 194 1 49,3 3,030
Beptember. 14 20.8 1,240
" The year 790 66.6 | 48,200

Nork.—8ee footnote to daily-discharge table, .
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UPPER MISSISSIPPI RIVER BABSIN. : gt
MISSISSIPPI RIVER A'l.' ELK RIVER, MINN.

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

DraiNAGE AREA.—14,500 square miles. :

RECORDS AVAILABLE.—July 22, 1915, to September 30, 1921.

Gaee.—Chain gage bolted to handrail of bridge, downstream side, near right
bank; read by Reynai‘d Ebner.

DISCEARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CoNTROL.—Bed composed of sand and gravel. Control not well
defined but practically permanent. Banks high and not subject to overflow.

EXTREMES OF DISCHARGD.—Maximum stage recorded during year, 6.66 feet at
8.30 a. m. June 15 (discharge, 12,900 second-feet); minimum ‘discharge,
estimated 2,030 second-feet February 9 (stage—dlscha,rge relation affected
by ice).

1915-1921: Maxitaum open-water stage recorded during period, 10. 8
feet April 7, 1916 (discharge, 27,000 second-feet) ; maximum dlscharge prob-.
ably occurred on or .about Apnl 5, 1917, and has been estimated at about“
34,000 second-feet from records of discharge at Coon Rapids power plant; -
minimum discharge, estimated 1,880 second-feet November 13, 1919 (stage-
discharge relation affected by ice).

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

REGULATION ~~Nesrest dam a.bove ‘station on the Mississippi is at St. Cloud,’
40 miles upstream. An observed systematic diurnal fluctuation at-gage of -
about 0.1 foot is doubtless due to regulation at St. Cloud, but most of the
effeet of regulation is eliminated before reaching the station. Flow of river
is controlled by Government reservoirs on the upper river, maintained for
the purpose of increasing low-water open-season flow. in the interests” oﬁ ;
navigation. Daily and monthly discharge somewhat affected by regulation i
yearly discharge very nearly natural. SN -

ACCURACY —Stage-discharge relation permanent except as aﬂ'ected by iece.
Rating curve well defined between 2,000. and’ 14,000 second-feet;: fairly well.
defined between 14,000 and 26,300 second-feet. Gage read to hundredths
twice daily. Daily discharge ascertained by applying mean daily gage
height to rating table except for period during which stage-discharge relation
was affected by ice for which it was ascertained as indieated in footnote to
table of daily discharge. Open-water records excellent; winter records fair. -

CooperaTIiON.—QGage-height record furnished by United States Engineer Corps

o

The following discharge measurement was made by S. B. Soulé: :
September 13, 1921: Gage helght 3.46 feet; discharge, 3,310 second-feet
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Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the
‘ year ending Sept. 30, 1921. .

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May.| June | July. | Aug. | Sept.
2,750 { 3,300 | 2,460 | 5,200 { 7,930 | 6,100 | 5,500 | 4,620 | 3,400
3,030 | 2,850 | 2,940 | 5,800 | 5,500 } 9,200 | 5,500 | 4,340 | 3,400
2,750 | 3,250 | 2,910 | 5,800 | 6,100 | 9,200 | 6,100 | 4,080 | 3,210
2,800 | 2,920 | 3,060 | 6,700 | 5,200 | 9,200 | 5,200 | 4,340 | 3,210
2,720 | 2,860 | 2,970 | 7,000 | 5,200 | 9,200 | 5,200 | 4,340 [ 2,860
2,630 | 2,640 | 3,060 | 7,310 | 4,910 | 9,200 | 5,800 | 4,080 | 3,210
2,870 | 2,550 | 3,220 | 7,000 | 4,620 | 10,200 | 5,800 | 3,610 | 2,420
2,720 | 2,390 | 3,060 | 7,930 | 4,620 [ 10,500 | 6,100 | 3,610 | 3,030
2,250 | 2,030 | 3,040 {10,200.| 4,080 | 10,800 { 5,800 | 3,610 | 3,030
2,430 | 2,360 | 3,190 | 9,200 { 4,340 | 11,800 | 6,100 | 3,610 | 3,030
2,830 | 2,290 | 3,310 | 9,840 | 4,080 | 12,100 ; 6,100 | 3,610 | 3,030
2,410 | 2,210 | 3,050 | 9,520 | 4,080 | 12,400 | 6,100 |.3,400 | 2,860
2,520 | 2,540 | 3,100 | 9,200 | 3,840 } 12,400 | 6, 100 | 3,400 | 3,030
2,490 | 2,610 | 2,800 | 9,520 | 4,910 | 12,400 | 6,400 | 3,210 | 3,400
2,470 | 2,630 | 3,030 | 8,240 | 4,620 [ 12,700 | 5,800} 3,610 | 4,340
2,360 | 2,890 | 3,210 | 8,240 | 4,080 [ 12,400 | 5,500 | 3,610 | 4,620
2,260 | 2,810 | 3,210 { 7,930 | 4,340 | 12,100 | 5,800 | 3,610 [ 4,340
2,240 | 2,880 | 3,210 | 7,310 | 4,910 | 11,800 | 5,800 | 4,080 | 3,610
2,270 | 2,760 | 3,610 | 7,310 | 3,840 | 11,800 | 5,500 ! 4,080 } 3,610
2,340 | 2,970 | 3,840 | 7,000 | 2,700 | 11, 5,800 | 4,080 | 4,340
2,250 | 3,100 | 3,080 | 6,700 { 2,700 | 10,800 | 5,800 ; 3,840 | 4,620
2,540 | 2,720 | 2,860 | 7,000 | 2,860 | 8,880 | 5,800 | 3,840 | 4,340
2,240 | 2,300 | 3,610 | 7,000 | 2,700 | 9,520 | 5,500 | 3,400 | 4,080
2,370 | 2,460 | 4, 6,700 | 2,700 | 8,560 | 5,200 | 3,610 | 4,080
2,220 | 2,880 | 3,610 | 6,700 | 2,700 | 8,240 | 5,200 [ 3,840 | 4,080
2,180 | 2,810 | 3,610 | 6,700 | 2,860 | 8,240 | 5,500 | 3,400 | 8,610
2,250 | 2,810 | 3, 6,700°1 3,210 | 7,310 | 5,500 | 3,610 | 4,080
2,220 { 2,520 | 3,840 | 7,000 | 3,030 | 6,700 | 5,200 | 3,210 | 3,840
2,470 6,700 | 4,620 , 100 | 5,200 | 2,860 | 3,80
2,370 6,400 ; 4,080 f 5,200 { 5, 3,610 | 3,400
2,450 |.m___| 5,800 |-o-.... 4,340 |_____... 4,910 | 3,400 |..__..

Note.—Stage-discharge relation affected by ice Dec. 18 to Mar. 14; discharge Dec. 18-31 ascertained by
mesns of gage heights and weather records; discharge Jan. 1 to Mar, 14, ascertained by means of discharge
recordsfrom Coon Rapids power plant, computed by Northern States Power Co., allowance being made for
discharge of Crow and Rum rivers, which enter between Coon Rapids and the gaging station. Braced
figure shows mean discharge for period indicated. .

Ma'rithly discharge of Mississippt River at Elk River, Minn., for the year ending
‘ Sept. 30, 1921.

[Prainage area, 14,600 square miles.]

Discharge in second-feet.
- Run-off in
Month. Per square | . 1nChes.
Maximum.| Minimum. | Mean. mile '
6,100 4,080 5, 090 0.351 0.40
5, 800 2, 550 3,910 . .30
4,080 |_o._oo._- 3,140 .27 25
3,030 2, 180 2,470 170 20
. 3,300 i 2,080 2, 690 It .19
8, 100 2, 460 3, 440 . 237 .27
0, 200 5, 200 7, 460 . 514 .57
, 930 2,700 4, 180 .288

12,700 5, 200 9, 880 . 681 .76
6, 400 4,910 5, 650 . 390 46
4,620 2, 860 3,730 . 257 .30

4,620 2,420 3, . 248 .
12, 700 2,030 4, 600 .317 4. 30
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MISSISSIPPI RIVER AT ST. PAUL, MINN.

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

DRAINAGE AREA.—35,700 square miles.

RECORDS AVAILABLE.—March 22, 1887, to September 30, 1921, Observations
of stage were begun in 1873 by United States Signal Service and continued
by the Weather Bureau. Many discharge measurements were made prior
to 1900 by United States Engineer Corps.

Gage.—Chain gage installed May 9, 1913, on downstream handrail of Chicago
Great Western Railway bridge; read by employee of the Weather Bureau.
From 1911 to May 9, 1913, gage was a vertical staff attached to a piling on
left bank of river about 800 feet upstream from present gage. Prior to 1911
a vertical staff gage on Diamond Joe Line wharf, at foot of Jackson Street,
about 400 feet below present gage, was used. Datum of all three gages is
the same, allowance being made for the slight slope in river between them.

EXTREMES OF DISCHARGE.— Maximum stage recorded during year, 6.7 feet June
16 (discharge, 19,500 second-feet); minimum stage recorded, —0.3 foot
September 5 and 6 (discharge, 3,360 second-feet).

1887-1921: Maximum stage recorded, 18.0 feet April 6, 1897 (discharge,
80,800 second-feet); minimum discharge recorded, 1,060 second-feet Feb-
ruary 4, 1895.

Highest known discharge occurred July 22, 1867, and amounted to 117,000
second-feet.

DisCHARGE MEASUREMENTS.—Prior to 1915 made from Chieago, St. Paul, Min-
neapolis & Omaha Railway bridge, 2 miles above station. In November,
1915, and April, 1916, made from Chicago Great Western Railway bridge"
to which gage is attached. ~Since 1916 measurements have been made from’
Wabashsa Street highway bridge, about 1,000 feet above station. '

CHANNEL AND CONTROL.—Channel fairly permanent. Control not well deﬁned.«,
Banks moderately high; have not been overflowed in recent years. g

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

REgULATION.—During extreme low water regulation of the flow through turbmes
at the nearest dam in Minneapolis may cause diurnal fluctuation of stage
at St. Paul. Flow is regulated by Government reservoirs in the headwaters
at Lake Winnebigoshish; Leach Lake, Pokegamsa Lake, Sandy Lake, Pine
River, and Gull Lake, maintained for the purpose of increasing low-water
open-season flow in the interests of navigation, but the effect of this regula-
tion is very gradual at St. Paul.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rat-
ing curve well defined throughout. Gage read to tenths once daily. Daily
discharge ascertained by appliyng daily gage height to rating table except
for periods of ice effect for which discharge was not determmed. Records -
good. i

. COOPERATION. -—Gage-helght record furnished by the Weather Bureau. o

The following discharge measurement was made by 8. B. Soulé:
September 12, 1921: Gage height —0.04 foot; discharge; 3,700 second-feet
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Daily dzscharge, in second-feet, of Mississippi River at St. Paul, Minn., for the year'
ending Sept. 30, 1921. :

Day. Oct. | Nov. | Dec. | Feb. | Mar. | Apr..| May. | June. | July. | Aug. | Sept.
8,060 | 8,060 12,000 | 7,850 | 5,730 | 3,960
8,060 | 8,720 14,000 | 7,640 | 5,560 | 4,220
8, 500 | 8,060 14,900 | 7,640 | 5,300 | 3,960
7,430 | 7,640 14,900 | 7,850 ! 5,070 %480
7,430 | 7,640 14,300 | 7,230 {5,300 , 360
7,640 | 7,860 14,300 | 7,850 | 5,070 | 3,360
7,230 | 8,060 | 7,230 14,600 | 7,640 | 4,770 | 3,840
6,830 | 8,950 830 16,100 | 8,280 | 3,960 | 3,600
6,830 | 8 500 | 6,450 16,400 | 8,280 | 4,490 | 4, 090
6,830 | 8,280 | 6,090 | 4,350 | 5,730 | 17,300 | 8500 | 16,700 | 8,280 | 4,220 | 3,720
6,270 | 8,060 | 6,000 | 4,220 | 5, 17,300 | 8,280 | 17,900 | 7,850 | 4,000 | 3,840
6,830 1 7,430 | 6,640 | 3,960 | 5,910 5 8,060 | 18,300 | 7,850 | 4,090 | 3,600
7,030 | 6,450 | 6,450 | 3,960 | 5, 18,300 | 8,280 | 18,300 | 7,430 | 4,080 | 3,600
7,030 | 5,070 | 6,000 | 4,000 | 5, 17,300 | 7,640 | 17,900 | 7,430 | 4,350 | 4,350
7,230 | 5,390 | 5,560 | 4,220 | 5,560 | 17,000 | 8,280 ,600 | 7,850 | 3,960 | 4,220
7,850 | 5,390 | 3,840 { 4,350 | 5,070 | 15,800 | 7,850 | 19,500 | 7,430 | 4,350 | 4,920
7,430 | 5,070 | 3,600 | 4,400 | 5,070 | 15,800 | 7,850 900 | 7,430 | 4,770 ¢ 5,560
7,230 | 5,070 | 3,480 | 5,070 | 5,390 | 14,900 | 7,640 | 17,600 | 7,430 | 4,350 | 5,910
8,280 | 5,560 | 3,960 |.—n.... , 13,700 | 8,500 | 17,600 | 7,030 | 4,770 | 5,070
7,640 | 6,450 6,830 | 13,400 | - 8280 | 17,300 | 6,830 | 4,630 § 5,230
8,720 | 6,830 7,030 | 13,200 | 8,060 | 16,400 | 7,030 4,490 | 6,640
8,720 ; 7,030 |.... 6,830 | 12,900 | 8,060 | 15,800 | 6,830 | 4,220 | 7,430
8,050 | 7,230 6,450 | 12,900 | 8,500 | 14,600 | 6,830 | 4,350 | - 6,830
9,180 | 7,030 6,450 | 12,600 | 9,180 | 13,400 | 6,000 | 3,060 | 6,450
8,060 | 7,030 7,640 | 12,300 | 7,850 | 12,300 6,0?0 4,350 6,270
8,500 | 7,030 5,300 | 7,030 300 | 7,850 | 11,500 | 5,910 ; 5,560 | 6,000
8, 500 | 6,830 5,070 | 8,060 12,000 | 7,640 | 11,200 | 6,080 | 4,490 | 5,910
8,500 | 6,830 4,630 | 8,500 | 12,000 | 7,850 ] 10,900 | 6,640 | 4,350 | 5,910
8,280 | 6,830 8,500 | 11,800 | 8,280 ,420 | 7,030 | 3,960 | . 5,730
8,060 | 6,830 9,420 | 11,500 | 9,660 | 8,280 | 6,830 | 3,960 | 5,300
8,060 12, 000 10, 900 6,450 | 4,080 |.......

gogn .—Stage-discharge relation affected by ice Dec. 20 to Feb. 9 and Feb. 19-25; discharge not deter- .
m .

Monthly discharge of Mississippi River at St. Paul, Minn., for the year ending
Sept. 30, 1921.

[Drainage area, 35,760 square miles.]

Discharge in second-feet.
Month, R‘il:éggsm
P " Per square -
Maximum, | Minfmum.| Mean, mile
October. .. 9,180 6,270 7,780 0.218 0.25
November. 8,950 5,070 7,040 .197
December 1-19. 7,230 3,480 6,020 | . 169 12
March. 12, 000 , 480 6, 230 L1756
April 18, 600 11, 500 14, 400 . 403
May...... 11, 500 A 8,860 .248 29
June. c—— 19, 500 8, 15, 100 423 47
July. - 8, 280 5,910 7,260 .203 23
A t m— 5,730 3, 960 4,540 127 156
S O Der e e e ama————— 7,430 3,360 4,880. .137 16

MINNESOTA RIVER NEAR MONTEVIDEO, MINN.

Locarton.—In sec. 17, T. 117 N., R. 40 W., at highway bridge 1 mile south of *
Montevideo, Chlppewa County, and 500 feet below mouth of Chippews
River.

DRAINAGE AREA.—6,300 square miles.

Recorps avaiLaBLE.—July 22, 1909, to September 30, 1921.

Gage.—Chain gage attached to upstream handrail of bridge, near left bank;
read by Esther Hendricks. Datum of gage lowered 2 feet September 16, .
1909, and 1 foot more July 29, 1910, to avoid negative readings. All gage
heights referred to latest datum.
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D1scHARGE MEASUREMENTS.—Made from upstream side of bridge.‘

CHANNEL AND conNTROL.—Bed composed of heavy gravel and sand; fairly perma-
nent. There is a slight rapids just below gage, but the control section is not
well defined. Banks are of medium height and will be overflowed at a stage
of about 14 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.15 feet in
afternoon of April 9 (discharge, 1,760 second-feet) ; minimum stage, 1.80 feet

“in afternoon of August 24 (discharge, 51 second-feet).

1909-1921: Maximum stage recorded, about 18.85 feet June 25, 1919 (dis-
charge, about 22,000 second-feet) ; minimum discharge recorded, 6.8 second-
feet February 9, 1912, by current-meter measurement. '

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

ReguLaTiION.—NoO regulation on Minnesota River above station. Regulation of
Chippewsa River at plant of Chippewa Milling Co., in Montevideo, causes
a slight fluctuation in stage of Minnesota River at gage.

Accuracy.—Stage-discharge relation changed slightly during the winter; affected
by ice December 17 to March 20. Standard rating curve used March 21
to September 30 fairly well defined; parallel curve used October 1 to Decem-
ber 16. Gage read to hundredths twice daily exeept during period Decem-
ber 28 to March 20, when it was read about three times weekly. Daily
diseharge ascertained by applying mean daily gage height to rating table.
except for period of ice effect, for which discharge was not determined on
account of insufficient data. Records good.

The following discharge measurement was made by S. B. Soulé:
September 14, 1921: Gage height, 2.40 feet; discharge, 106 second-feet.

Daily discharge, in second-feet, of Minnesota River near Montevideo, Minn., for the
year ending Sept. 30, 1921.

Day. Qet. | Nov. | Dee. | Mar. | Ape. | May | June | July | Aug. | Sept.
540 1,030 462 316 108 62
566 1, 060 462 204 103 55
566 1,030 264 99
566 1, 030 462 234 90 57
566 967 436 244 83 59
566 906 216 88 61
566 906 410 216 89 64
566 817 410 225 86 65
566 788 410 234 76 68
566 788 410 234 64 71
566 759 410 198 62

759 410 198 60 87

788 410 180 62 105

817 462 171 67 123

788 514 154 68 146

731 514 146 62 180

703 514 146 61 225

675 514 146 61 204

647 488 1564 61 316

1 675 462 154 59 410
1, 675 462 146 59 462
1,37 675 462 146 5 488
1,270 647 410 138 57 514
1, 200 619 410 138 52 514
1,270 619 362 146 53 540
1,230 592 316 154 58 540
1, 230 a2 316 162 63 514
1,200 619 316 162 66 488
1,130 540 316 146 67 462
1, 060 514 316 138 410
........ 462 ... 123 ' 35 SR,
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Monihly discharge of Minnesota River near Montevideo, Minn., for the year endmg
Sept. 30, 1921.

[Drainage area, 6,300 square miles.)

Discharge in second-feet.
Run-off in
Month. . Per's ‘inches.
Maximum.| Minimum.| Mean. mﬂqeuare
675 462 539 0. 0858 0.10
703 462 559 ¢ . 10
619 514 574 L0011 05
566 736 7 05
1,740 1, 060 1, 380 . 219 24
1, 060 462 749 . 119 14
514 316 426 . 0676 08
316 123 185 0204
108 52 70.4 . 0112 01
540 54 250 . 0397 04

MINNESOTA RIVER NEAR MANKATO, MINN,
1

LocaTioN.—In sec. 14, T. 108 N., R. 27 W., at Sibley Park, 2 miles above center
of Mankato, Blue Earth County, and 1,000 feet below mouth of Blue Earth
River.

DRAINAGE AREA.—14,600 square miles.

Recorps AvarLaBLE.—May 20, 1903, to October 19, 1921, when station was
discontinued.

Gage.—Chain gage on right bank of river; read by Clarence Staley, observer
for the Weather Bureau. The gage support is a fairly substantial cantilever
structure, supported by two heavy posts resting in concrete footings; settling
somewhat; constructed and maintained by United States Engineer Corps. .

DISCHARGE MEASUREMENTS,—Made from new concrete highway bridge in center
of Mankato 2 miles below gage, by wading a short distance below gage, or
at extreme high stages, k‘y boat near gage. ,

CHANNEL AND conNTrROL.—Bed composed of sand and light gravel; shifts during
high stages. Banks moderately high and net subject to overflow, except at
stages above gage height 15 feet. Control not well defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period October 1,
1920, to October 19, 1921, 5.9 feet May 30, 1921 (discharge, 4,910 second-feet) ;
minimum stage recorded, 0.3 foot September 7, 1921 (discharge, about
300 second-feet).

1903-1921: Maximum stage recorded, 21.2 feet June 26, 1908 (discharge,
43,800 second-feet); minimum discharge recorded, 89 second-feet, August
31 to September 2, 1911.

The highest known stage of this river occurred in 1881, and is shown in
Mankato by a well-marked line about 27 feet above zero of present gage
(discharge, estimated 65,000 second-feet). .

Ice.—Stage-discharge relation seriously affected by ice. Observations discon-
tinued during winter.

RecuLATION.—The nearest dam on Minnesota River is at Minnesota Falls, 140
miles upstream. - A dam on Blue Earth River at Rapidan, a few miles
above the mouth, controls the flow of that river, which is about 20 per cent
of the flow at the Mankato station, and produces considerable daily fluctua-
tion at the gage, amounting at times to over 1 foot.
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Accuracy.—Stage-discharge relation probably not pérmanent; although it has
been assumed permanent on basis of the single discharge measurement ob-
tained, which substantiates the 1920 rating curve reasonably close. Rating
curve congidered poorly defined on account of probable changes in stage-
discharge relation not defined by discharge measurements. Gage read to
tenths once daily. This gage reading does not represent accurately the
mean daily stage on account of fluctuation caused by artificial regulation.
Daily discharge ascertained by applying daily gage height to rating table.
Records probably poor.

CooreraTioN.—Gage-height record furnished by the Weather Bureau.

The following discharge measurement was made by 8. B. Soulé:
September 15, 1921: Gage height, 0.66 foot; discharge, 406 second-feet.

Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the
period Oct. 1, 1920, to Oct. 19, 1921.

Oct. | Nov. Mar. | Apr. { May. | June. | July, | Aug. | Sept. | Oct.

1,020} 1,200 | 1,790 | 2,560 { 1,950 | 4;520 840 450 300 720
1,020 | 1,320 | 1,870 | 2,840 | 2,030 | 4,270 840 500 300 840
1,140 | 1,380 1,870 | 2,040 | 2,110 | 3,910 720 500 300 840
1,140 | 1,260 | 1, 2,040 | 2,110 | 3,680 - 660 500 300 900
1,140 | 1,200 | 1,790 | 2,740 | 2, 3,040 660 | 500 300 900
1,080 f 1,140 | 1,870 | 2,650 | 1,950 | 2 380 720 450 300 840
1,080 | 1,320 | 17870 | 3,040} 1,870 | 1,870 780 400 250 780
1,080 | 1,380 ,950 | 3,240 { 1,790 | 1,720 840 400 300 780
1,140 | 1,440 , 3, L790 | 1, 780 400 300 720
1,080 | 1,510 | 1,790 | 3,350 | 1,870 1,950 900 450 400 720
1,020 ( 1,510 | 1,720 | 3,140 | 1,870 | 2,200 840 400 660
1,020 , 44! 1, 3,240 | 1,950 | 2,860 400 660
1,020 1, 1,720 | 3, 1,050 | 3,140 780 350 400 660
1,080 | 1,510 | 1,720 3,240 1,950 ) 3,570 kt 500 720
1,020 | 1,510 | 1,580 | 3,140 | 1,720 | 3,570 720 400 660
1,080 | 1,380 | 1,440 | 3,140 | 1,580 | 2,040 720 350 | . 500 860
1,020 | 1, 1,440 | 2,840 | 1,580 400 850 600
1,020 | 1,440 | 1, 2,650 | 1,650 | 1,950 400 | 1,020 660
1,020 | 1,380 1 1,320} 2,380 | 1,650 | 2,200 600 400 | 1,320 660
1,020} 1, 1,380 1,870 | 1,720 | 2,110 660 500 ) 1,260 |.conoe
1,140 | 1,380 | 1,260} 2,030 | 1,580 | 1,790 550 350 | 1,140 |o..oo...
1,080 | 1,440 | 1,200 | 2,030 | 1,650 | 1,720 500 300 | 1,020 foeeo--o
1,080 | 1,440 1,260 1,870 | 1,720 | 1,720 450 300 P60 |- oeeeen
1,200 | 1,510 | 1,260 1,720 | 1,720 | 1,580 450 300 840 [ooeoa.-
1,260 | 1,510 | 1,320 | 1,650 | 1,790 | 1,510 450 300 840 |.__.....
1,380 | 1,440 | 1,320 1,580 | 1,870 | 1,380 500 350 840 {_. ...
1,320 | 1,440 | 1,320 1,720 » 1,200 300 780 [ o
1,320 | 1,580 | 1,260 1,870 | 2,740 1,140 500 350 | 780 jaoa.---
1,260 | 1,510 1,320 1,870 | 3,790 | 1,140 500 350 720 |oeeucnnn
1,320 | 1,440 | 1,790 | 2,030 | 4,910 [ 1,080 500 400 780 o oeenn
1,320 1,790 4,650 | 450 b 1511 1 (R R,

Monthly discharge of Minnesota River near Mankato, Minn., for the period
Oct. 1, 1920, to Oct. IQJ 1921.

[Drainage area, 14,600 square miles.]

Discharge in second-feet. .
Run-off in
Month. i
Maxi- Mini- Per square | inches.
mum. mum. Mean. mile.
1920,
[0 76 7Y SR 1,380 1,020 1,130 0.0774 0.09,
NoOvember .« oo 1, 580 1,140 1,410 . .11
1921,
March. 1, 950 1, 200 1, 680 . 108 12
APrile e e 3, 350 1, 580 2, 560 175
Y. ol 4,910 1, 580 2,110 . 145 W17
TN oo imccac e 4, 520 1,080 2,340 . 160 .18
TV e e e comccmcnccc e 450 65656 . 0449
August. .l eeeeee 500 300 389 . 0266 .03
September.._.. .- 1,320 250 617 . 0423 .
October 1-19. e o oo vrecrccem e 900 600 736 .
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ST. CROIX RIVER AT SWISS, WIS,

LocatioNn.—In sec. 33, T. 42 N, R. 15 W at highway bridge near post office
of Swiss, Burnett County, 2 mlles above pomt where St. Croiz River becomes
boundary line between Wisconsin and Minnesota, and 10 miles northeast of
Danbury, Wis.,, on Minneapolis, St. Paul & Sault Ste. Marie Railway.
Namakagon River enters from left 3% miles above station.

DraNAGE AREA.—1,550 square miles (measured on map issued by Wisconsin
Geological and Natural History Survey, edition ‘of 1911; scale, 1 inch=6
miles).

RECORDS AvAlLABLE.—March 13, 1914, to September 30, 1921

Gaee.—Chain gage on downstream side of highway bridge; installed May 186,
1918; read by Capt. Richard Goldschmidt. Prior to May 16, 1918, a cast-
iron staff gage bolted to concrete pier at left end of bridge was used. Both
gages at same datum.

DiscEARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of gravel; smooth. Growth of aquatic
plants during summer may cause a small amount of backwater at gage.
Left bank high-and not sybject to overflow; right bank of medium height
and may possibly be overgowed ‘during extremely high water.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.78 feet at
7.05 a. m. April 8 (discharge, 2,630 second-feet); minimum stage recorded,
0.58 foot at 7.30 a. m. and 6.12 p. m. July 1 (discharge, 690 second-feet).

_» 1914-1921: Maximum sfa.ge recorded, 6.73 feet April 22, 1916 (discharge
8,480 second-feet) ; minimum stage recorded same as for 1921

Icm.———-Sta.ge—discharge relation seriously affected by ice. ’

‘ReauLaTioN.—None. ‘

Accuracy.—Stage-discharge relation practically permanent except as affected
by ice and by growth of aquatic plants. Standard rating curve well defined;
was used direct October 1 to April 30, except for periods of ice effect; in-
direct method for shifting control used May 1 to September 30. Gage read
to quarter-tenths twice daily except during winter when it was read every
other day. Daily discharge ascertained by applying mean daily gage
height to rating table except for periods for which shifting-control method
was used, and except for periods of ice effect for which it was ascertained as
indicated in footnote to daily-discharge table. Open-water records prior
to winter period, good; thereafter, fair; winter records, fair.

Discharge measurements of St. Croixz River at Swiss, Wis., durmg the year ending

Sept. 30, 1921.
I Ga; Dis- Ga, Dis-
Date. Made by— height. | charge, | Date. Madeby— | pejght. | charge.
Feet. | Sec.ft. Feet. | SeeAft.
Oct. 21 | D. W, Roberts__....... 1. 51 1,440 || Feb. 10 | G. F. Rittenberg....... a2.14 798
Jan. 8] G.F. Rittenberg-...._. e2.08 967 || Aug. 20 | A. 0. Olson.coa__._._. .88 844

e Stagwdjscharge relation affected by ice.
¥ Stage-discharge relation affeeted by growth of aquatic. plants.
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Daily discharge, in second-feet, of St. Croiz River at Swiss, Wis., for the year ending

Sept. 30, 1921.

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
905 | 1,210 | 1,210 890 830 970 1 1,680 | 2,430 | 1,210 700 940 870
9051 1,200} 1,210 910 830 980 { 1,59 | 2,230 | 1,170 750 905 . 840
870 | 1,200 | 1,250 940 830 995 | 1,590 | 2,130 | 1,130 780 905 §10
870 ] 1,330 | 1,250 | 945 835 | 1,010 1,590 | 2,040 | 1,050 | 810 | 870 30
870 | 1,330 | 1,250 955 | , 820 | 1,010 | 1,680 | 1,820 | 1,010 870 840 750
870 1,330 | 1,170 960 800 { 1,010 | 1,860 | 1,720 | 1,130 940 B10 750
870 | 1,200 | 1,090 960 | 7851 1,010 | 2,330 | 1,540 | 1,540 975 780 725
870 1 1,250 { 1,010 965 7701 1,010 { 2,630 | 1,460 | 1,680 040 | 780 750
840 11,250{ 1,000 940| 760 1,010 2,630} 1,3701 1,720 | 905{ 750 750
840 | 1,170 | 1,210 900 | 800 | 1,010 | 2,430 | 1,330 | 1,640 870 750 750

1,250 860 810 | 1,010 | 2,430 | 1,290 { 1,540 810 750 750
1,170 820 810 | 1,010 | 2,430 | 1,290 | 1,460 780 750 725
1,130 785 810 | 1,010 | 2,330 | 1,370 | 1,330 750 1 905 750
1,090 770 840 | 1,010 | 2,230 | 1,500 | 1,210 810 975 840
040 755 870 | 1,010 § 2,040 | 1,540 { 1,130 870 940 905
940 745 8851 1,050 | 1,950 | 1,590 | 1,000 905 | 870. 905
935 735 905 | 1,130 | 1,820 | 1,540 | 1,010 975 870 905
920 735 925 | 1,210 | 1,680 | 1,460 940 870 870
910 735 9401 1,330 | 1,590 | 1,460 905 905 B0 870
770 940 | 1,590 1?590 1,370 870 810 840 975
890 800 940 | 1,870 | 1,500 | 1,200 | 840 780 810 { 1,250
875 940 | 1,210 | 1,500 | 1,250 870 810 810 | 1,330
870 875 940 1 1,170 | 1,500 { 1,210 810 1,
870 855 940 | 1,170 | 1,460 | 1,170 905 870 780 | 1,170
870 835 9401 1,170 | 1,410 1,130 870 750 1 1,130
870 810 940 | 1,250 | 1,410 | 1,090 840 | 940 840 | 1,090
790 940 1 1,370 ) 1,500 | 1,090 780 | 1,010 1,050
870 810 955 | 1,500 | 2,040 | 1,050 780 | 1,090 870 | 1,010
870 830 ... 1,500 { 2,330 | 1,090 750 { 1,170 870 905
870 1,130 7251 1,090 905 870
870 1,210 |ooeo.o 1,010 11 0 -

Nore.—Stage-discharge relation affected by ice Nov. 13-19, and Dec. 16 to Mar. 21; discharge ascertained
by means of gage heights, two discharge measurements, observer’s notes, and weather records. Gage read

every other day during period Dec. 19 to Mar. 20.

Monthly discharge of St. Croiz River at Swiss, Wis., for the year ending Sept. 30,
' 1921.

[Drainage area, 1,550 square miles.]

Discharge in second-feet. .
Month. Maxi P Rgln—oﬂ in
axi- - er square -
mom, Minimum.| Mean. mile.

1, 500 840 1,130 0.729 0.84
1,640 750 1,150 .742 .83
1,250 870 1,020 . 658 .78
965 735 845 .545 .63
955 760 869 . 561 .58
1,720 970 1,180 .761 .88
2, 630 1,410 1,910 1.23 1.37
2,430 1, 050 1,460 . 942 1,09
1,720 726 1,160 .710 9
1,170 700 892 . 575 .66
975 750 846 . 546 .63
1,330 725 - 911 . 688 .66
2,630 700 | 1,110 716 9.72




i

UPPER MISSISSIPPI RIVER BASIN. 51

ST. CROIX RIVER NEAR ST, CROIX FALILS, WIS.

Locarion.—In sec. 18, T. 34 N R. 18 W at power plant of Minneapolis General
Electric Co., on Wisconsin mde of river near St. Croix Falls, Polk County,
50 miles above mouth of river. Apple River, draining an area wholly in
Wisconsin, enters fromr left about 20 miles below station; Snake River,
draining an area in Minnesota, enters from right 35 miles above station.

DRAINAGE AREA.—5,930 square miles.

RecorDs avarLaBLE.—January 1, 1910, to September 30, 1921. Data for 1903
published in Water-Supply Paper 98, pages 176-177, under “St. Croix
River near Taylors Falls, Minn.” Dally and monthly discharge, January
10, 1902, to June 30, 1905 and monthly estimates, July, 1905, to December,
1909, published in the “Report of water-resources investigations of Mxnne—
sot&, 1909-1912,” by the Minnesota State Drainage Commission.

DiscrarGe.—Determinations of discharge based on kilowatt output of dynamo
and exciters, plus flow over dam and spillway, considered as a weir.

EXTREMES OF DISCHARGE—Maximum mean daily discharge recorded durmg
year, 11,500 second-feet April 9; minimum mean daily discharge recorded,
703 second—feet December 19.

1902-1921: Maximum discharge recorded, 35,800 second-feet March 26,
1920; minimum discharge recorded 75 second-feet July 17, 1910 (eaused
by regul&tlon)

RecurarioNn.—Low-water flow controlled by operation of gates of power plant
and by storage and release of water at Never’s dam several miles upstream.

Accuracy.—Records probably reliable but have not been -checked, nor have
discharge measurements been made by engineers of the United Btates
Geological Survey.

‘CoopeErAaTION.—Records of daily discharge furnished by Minneapolis General
Electric Co.

Dazly discharge, in second-feet, of St. Croiz River near St. Croix Falls, Wis., for the
year ending Sept 30, 1921.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. { July. | Aug. | Sept.
3,330 | 3,670 | 1,020 | 2,290 | 2,320 | 5,210 | 6,250 | 3,510 | 1,660 | 2,100 | 2,170
3,480 | 3,610 | 1,630 | 2,350 | 2,400 | 5,370 | 5,540 { 4,360 | 1,530 | 1,440 | 1,500
3,900 | 3,480 | 2,480 | 2,180 | 2,020 | 4,530 | 5,800 | 4,400 | 1,420 | 1,940 | 1,800
3,090 | 2,780 | 2,600 | 1,830 | 2,320 | 4,140 | 5,240 | 4,300 | 1,710 | 1,860 | 1,680
830 | 3,730 | 2,270 | 2,360 | 1,190 | 2,880 | 4, 5830 [ 2,830 | 1,510 | 1,740 | 1,520
2,070 |.3,720 | 3,480 | 2,300 | 2,070 | 1,220 | 6,510 | 4,560 | 3,590 } 2,140 | 1,880 | 2,000
1,850 | 3,340 | 3,580 | 2,320 { 1,850 | 2,050 | 7,610 | 4,380 [ 4,310 [ 2,340 | 1,170 | 2,440
1,740 | 3,580 | 3,000 | 2,580 | 2,160 [ 2,370 {10,400 | 2,960 | 4,260 | 1,990 | 1,820 | 1,630
2,080 | 4,190 | 2,130 | 1,100 | 2,240 | 2,520 [11,500 | 4,710 | 5,440 | 2,150 | 2,280 | 1,610
2,760 | 3,040 | 3,210 | 2,440 | 2,080 | 2,510 (12,400 | 4,390 | 8,410 | 1,590 | 1,720 } 1,530
2,240 | 2,980 | 3,010 | 2,100 | 1,930 | 2,420 | 8,660 | 4,450 | 7,950 | 1,980 | 1,300 | 1,400
2,050 | 2,880 | 1,150 | 1,760 | 1,350 | 2,120 | 8,870 | 4,520 | 4,370 | 1,640 | 1,680 | 2,040
2,000 | 2,250 | 2,690 | 2,180 | 1,290 | 1,610 | 8,030 | 4,250 | 4,800 | 1,990 | 1,540 | 1,880
2,200 { 878 13,280 12170 } 1,940 | 2,560 | 8,520 ) 2,160 | 4,490 | 2,720 | 1,540 | 1,820
2,640 | 2,420 | 2,580 | 1,360 | 2,210 | 2,520 | 8,430 | 2,220 | 4,500 | 1,550 | 1,940 | 1,860
3,800 | 2,400 | 2,600 | 1,260 ) 2,340 | 2,480 | 7,350 | 3,500 | 4,510 | 1,790 | 1,940 | 2,440
-1 1,500 | 2,500 | 2,260 | 2,340 | 2,140 | 2,520 | 6,660 | 4,410 | 4,380 | 1,580 | 1,800 | 1,860
3,160 | 2,770 | 1,730 | 2,060} 2,200 ). 2,740 | 5,860 | 3,940 | 4,100 | 1,080 } 1,730 | 1,240
4,200 | 3,280 703} 2100 1,730 | 3,370 | 4,320 | 3,950 | 2,030 | 2,000 | 1,770 [ 2,410
4,120 | 2,740 | 1,760 | 1,470 | 1,410 | 2,470 | 4,460 | 4,020 | 3,400 | 2,060 | 1,440 | 2,700
4,630 ( 2,700 ( 1,770 { 1,870 | 2,630 | 3,260 | 4,370 { 3,070 | 2,840 | 1,800 { 1,220 | 2,840
4,900 | 3,460 | 1,980 | 1,620 | 2,050 | 3,030 | 4,480 | 2,280 | 2,350 | 1,740 | 2,010 | 2,770
4,840 | 3,140 | 1,730 | 1,340 | 1,720 | 3,560 | 4,480 | 3,530 | 2,250 | 1,680 | 2,130 | 2,050
4,000 | 2,460 | 1,470 | 1,680 | 2,150 [ 3,600 | 5,000 | 4,370 | 2,050 | 1,640 | 1,520 [ 2,860
3,800 | 3,490 | 1,030 | 2,390 | 2,230 | 3,490 | 5,320 | 4,080 | 2,420 | 1,840 | 1,720 | 1,880
2,590 | 1,610 | 3,040 | 5,460 | 3,510'| 1,600 | 1,810 | 2,200 | 2,620
2,000 | 1,470 | 2,560 | 4,500 | 3,500 | 1,890 | 1,890 | 1,460 | 2,700
2,150 | 2,380 | 3,530 | 4,500 | 3,390 | 2,260 | 1,680 | 1,700 | 2,630
1,560 ... 4,200 | 5,700 | 1,940 | 1,600 | 1,820 | 1,680 | 2,320
839 | .. ... 4,690 | 6,320 | 1,640 | 1,780 | 1,620 | 1,890 | 2,680
2,170 j...__. 4,830 |.oco..- 2,960 | .o 1,710 | 1,180 | _.._..
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Monthly discharge of St. Croixz River near St. Croiz Fulls, W':.s , Jor the year ending 7
Sept. 30, 1921. -

[Drainage ares, 5, 930 square miles.}

Discharge in second-feet.
Run-off in
Month. Persquare| lnehes. .
Maximum. | Minimum. | Mean. ile.
October..... 4,900 | * 1,500 3,040 0. 513 0.59
NOVEmDEr ..o oo ceeeeeeceeeemmeeecoeeeemomee 4,190 878 3,140 .530) - .59
PDecember. ... 3,670 703 400 . 408 .47
Ra11 T o O 2, 839 1,940 327 .38
February.eoeeneceannnx a— 2, 630 1,190 1,970 332 .35
£y ¢ R R R CH U 4,830 1,220 2,810 474 .55

APl e 11, 500 4,140 6, 430 1.08 1.20
ay. , 260 1,640 3,910 650 .76
June. .- . 8,410 1, 600 3,710 626 .70
July - 2,720 1,420 1,820 307 .35
Augnst. oo liiiaaan 2, 280 1,170 1,720 200 ».83
September. —— 2, 950 1,240 2,130 359 .40
The year . 11, 500 703 2,920 .492 6.67

Nore.—Computed by U. S. Geol. Survey from records of daily discharge furnished by Minneapolis
General Electric Co.

NAMAKAGOR RIVER AT TREGO, WIS.

Locarion.—In sec. 35, T. 40 N., R. 12 W., at Chicago, St. Paul Mlnneapohs
‘& Omaha Railway bridge at Trego, Washburn County, 20 miles above con-
fluence of Namakagon and Totogatic rivers.

DRAINAGE AREA.—420 square miles (measured on map issued by, Wlsconsm
Geological and Natural History Survey, edition of 1911; scale, 1 inch=6
miles). o

RECORDS AVAILABLE.—March 11, 1914, to September 30, 1921. :

Gaae.—Enameled staff fastened to retaining wall, left bank of river, just above -
railroad bridge; read by G. E. Krenz and Patrick Lawton. :

Di1SCHARGE MEASUREMENTS.—Made from lower chords of railroad bndge or by
wading.

CHANNEL AND coNTRoL.—Bed composed of coarse gravel; free from vegetation;
practically permanent. Banks medium high and not subject to overflow.
Small island downstream with rapids on either side forms the control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.30 feet at
11 a. m. April 10 (discharge, 803 second-feet) ; minimum discharge, estimated
250 second-feet January 11 and 12 (stage-discharge relation affected by ice).

1914-1921: Maximum stage recorded, 3.25 feet June 30, 1920 (discharge,
1,490 second-feet) ; minimum discharge, estimated 235 second-feet Decembe\'
19, 1916 (stage-discharge relation affected by ice). i

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

Accuracy.—Stage-discharge relation permanent except as aﬁected by ice:
Rating curve well defined between 330 and 1,330 second-feet. Gage.read
to quarter-tenths once daily, except during winter when it was read every
other day. Daily discharge ascertained by applying daily -gage height to
rating table except for periods of ice effect, for which it was ascertained as
indicated in footnote to daily-discharge table. Open-water records excellent;
winter records fair. e
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Discharge measurements of Namakagon River at Treyo, Wis., during the year ending
September 30, 1921

‘ Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. || D2t Made by— height. | charge.
' Feet, Secfg. Feet. Sec.-ﬁ.
QOct. 20| D. W. Roberts_........ L77 2 || Feb. 9| G. F. Rittenberg.......| ¢2.38 [ 322
Jan. 7| G.F. Rittenberg....... a2, 55 262 || Aug. 19 | A. O. Olson._..ccc..... 163 . 377

o Btage-discharge relation affected by ice.

Daily discharge, in second-feet, of Namakagon Rwer at Trego, Wis., for the year
ending September 30, 1921.

Apr. "May. June. | July. | A

Day. Oct. | Nov. | Dec, | Jan. | Feb. Mar. ug. | Sept.
303 444 417 280 305 290 564 768 444 320 303 369
393 472 417 285 305 290 | 532 733 | 417 320 393 369

472 417 280 305 290 698 417 320 417 369
332 472 417 280 310 280 664 417 332 3931 350
369 444 444 270 310 270 564 597 417 332 369 350
369 444 444 265 310 280 597 564 303 350 369 350
444 444 260 310 290 630 | 5632 502 389 369 | 332
393 444 444 266 3156 290 | © 630 532 532 369 350 332
332 444 255 320 300 630 502 502 369 350 369
369 444 417 255 330 310 803 502 502 350 350 369
369 417 417 250 345 310 768 502 472 350 360 350
350 393 393 250 350 320 502 472 332 332
385 393 260 360 330 698 502 444 332 417 332
393 370 393 262 385 350 664 532 417 417 417 417

26

266

270

276

280

285

290

17 370 332 410 369 630 532 393 417 417
472 380 330 415 369 597 5021 369 417 369 393
472 390 330 418 369 597 502 | . 369 417 417
472 415 320 395 417 564 472 369 303 417 417
472 445 310 370 444 564 360 303 393
472 445 310 330 472 532 472 350 350 369 393
532 444 310 290 472 532 472 332 332 369 597
532 444 310 205 200 a4 532 472 350 350 350 564
632 444 310 ) 444 532 444 360 369 350 532

444 306 444 502 44 332 350 532
472 417 300 444 502 417 | 3560 350 332 502
472 417 2956 472 502 417 332 3560 444
472 417 290 630 597 417 332 472 369 444
472 417 286 , 698 698 417 332 532 369 417
444 417 280 830 803 417 332 472 369 417
444 444 280 597 803 417 332 369 417
L2 30 R 280 597 |oo... 44| 417 369 fooeeunn
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