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SURFACE WATER SUPPLY OF HUDSON BAY AND UPPER
MISSISSIPPI RIVER BASINS, 1914. .

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting results of
measurements of flow made on streams in the United States during
the year ending September 30, 1914. |

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

Provided, That this officer [the Director] shall have the direction of the Geological

Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

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

For gaging the streams and determining the water supply of the United States

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

Annual appropriations for the fiscal years ending June 30, 1895-1915.

1805 - et e e e $12, 500
1896 - e e e 20, 000
1897 t0 1900, inClUSIVe. -« o oo e 50, 000
1901 t0 1902, Inclusive. . ... .o ceeaaaaaan 100, 000
1903 10 1906, inclusive. ..o e e iia e reaaaae. 200, 000
2907 e e e ee e e et eeeieeeeeaeeeeeaeeeeaaaaa. 150, 000
1908 10 1910, InClUSIVe. o een i it i et iee e ieeeeeeeceaaaaaas 100, 000
1911 t0 1915, inclusive. ... ..o e 150, 000

In the execution of the work many private and State organiza-
tions 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;
cooperation of the second kind is acknowledged on page 18.

. 7




8 SURFACE WATER SUPPLY, 1914, PART V.

Measurements of stream flow have been made at about 3,400 points
in the United States and also at many points in small areas in Sew-
ard Peninsula and the Yukon-Tanana region, Alaska, and the Haw-
aiian Islands. In July, 1914, 1,480 gaging stations were being main-
tained by the Survey and the cooperating organizations. Many mis-
cellaneous discharge measurements are made at other points. In
connection with this work data were also collected in regard to pre-
cipitation, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
the regular water-supply papers from time to time.

PUBLICATIONS.

A report has been prepared for each year, embodying the stream-
flow data collected during that year. Previous to 1911 the basis of
publication was a calendar year. One volume of the report for 1911
(Pt. XII), three volumes for 1912 (Pts. X, XI, and XII), six vol-
umes for 1913 (Pts, III, V, VIII, X, XI, and XII), and all the parts
of the report for 1914 contain records for the year ending Septem-
ber 30. An index to the reports containing stream-flow measure-
ments prior to 1904 has been published as Water-Supply Paper 119.
Circulars are also available giving complete lists of the gaging sta-
tions maintained by the Survey to date and a list of the reports
relating to the water resources of the country.

Gage heights and discharge measurements prior to 1901 were pub-
lished in water-supply papers or bulletins and estimates of monthly
discharge in annual reports. Since 1901 complete records of both
classes of data have been published in water-supply papers. They
are now being published in 14 parts, as shown in the following table:

Papers on surface water supply of the United States, 1914.

No. Title.

381 | North Atlantic b

382 | South Atlantic and eastern Gulf of Mexico basins.
383 | Ohio River basin.

384 | St. Lawrence River basin.

385 | Hudson Bay and Upper Mississippi River basins.
386 | Missouri River basin.

387 | Lower M)ssmsxp i River basin.

388 | Western Gulf of Mexico basins.

389 | Colorado River basin.

390 | Great Basin.

391 | Pacific drainage basins in Cahfomla

" 392-394 | North Pacific d.mmgw
392 Pacific basins in ashmgton and Upper Columbia River basin.
- 393 Snake River basin
394 Lower Columbia River and Pacific basins in Oregon.
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A list of reports containing stream-flow data is presented in the

following table:

Stream-flow data in reports of the United States Geological Survey.

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

Report. Character of data. Year.
10th A, pt. 2........... Descriptive information: only. .. ......coeeeiieiii i,
11th A, pt. 2........... Monthly discharge and descriptive information.................. 18?% 91(:)0 Sept.
12th A, pt. 2......... | ... L0 1884 to June
. 30, 1891
1Bth A, pt.3........... Mean discharge in second-feet. . ... .eeeureeeenrenreennnnnennnn 18% 11;%9;)90
, A
14th A, pt. 2..... .| Monthly discharge (long-time records, 1871 to 1893)............... 183% 11;%9;?90'
, .
-| Descriptions, measurements, gage heights, and ratings........... 1893'and 1894.
-| Descriptive information only.
Descriptions, measurements, gage heights, ratings, and monthly | 1895.
discharge (also many data covering earlier years).
Gage heights (also gage heights for earlier years)................. 1896.
Descriptions, measurements, ratings, and monthly discharge | 1895and 1896.
(also similar data for some earlier years). .
Descriptions, measurements, and gage heights, eastern United | 1897.
States, eastern Mississippi River, and Missouri River above
junction with Kansas.
WS16..eerennnnnnnn. Descriptions, measurements, and gage heig] western Missis- | 1897,
sippi River below junction of Missouri an i’latte, and west-
ern United States.
Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time records).
Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River. .
Measurements, ratings, and gage heights, Arkansas River and | 1898.
| . western United States.
20th A, pt. 4. ......... Monthly discharge (also for many earlier years).................. 898.
‘WS 35 to 39 . Descrllstlol;ls, measurements, gage heights, and ratings........... 1899.
.-} Monthly discharge............._... ... ... l.... e 1899.
. Descr}llyimol;s, measurements, gage heights, and ratings........... 1900.
Monthly discharge...........................l.... aeareraeens 1900.
-| Descriptions, measurements, gage heights, and ratings. ..] 1901,
Monthly discharge................... 1901.
Complete data, 1902.
..... [ T 1903.
.do.. 1904.
.do.. 905.
..... do..... ceeen-.-| 1906,
..... do..... ceeen..| 1907-8.
..... do..... eeeen...] 1909,
..... do..... .. ceoen..-) 1910,
..... do..... -- ceeeo..) 10110
WS321t0332....c.ceuifnnen L4 T e 1912,
WS 351 to 362a. .. S P A0 e 1913.
WS 38Lto3%4a........|..... 16 o fooosmmmeanannennns 1914.
|
a In preparation. 1
Nore.—No data regarding stream flow are given in the fifteenth and s%venteenth annual reports.

The following table gives, by years and drailj‘;age basins, the num-
bers of the papers on surface-water supply published from 1899 to
1914. As a rule the data for any particular station will be found in
the reports covering the years during which the station was main-
tained. For example, data for any station in the area covered by

Part I are published in Water-Supply Papers 9

, 124, 165, 201, 241,

261, 281, 301, 321, and 351, which contain records for the New Eng-
land streams from 1903 to 1913.



Numbers of water-supply papers containing results of stream measurements, 1899-1914.

1 ] m m v v VI v Vi X x X1 X1
N ific drai .
North A%’;ln t%‘i orth Pacific drainage basins,
o c
3 Hudson -
Alantic |and eastern Bt. Bay and Lower Paclﬂc Pacific
Year. S‘zﬁ‘;‘gn Gu}f basins|  opj, %Wieal?:g uypet Missouri | Missis- V&eusltfe(z)'ztl Colorado | Great cpe basins in CoIiougegia
- (James | piver, ve MEssis- River. sippi : River. | Basin. | in Cali- | Washing- [ Snake 2
iver to River Great siopi River. Mexico. fornia. | ton an River River and
York to the Lakes. | SPPI pper besm. |  Pacific
River). | Missis- : ol ia basins in
sippi). . River. ) Oregon.
36 36 36 c36,37 3 37| 437,38 | 38,¢39| 38, f39 38 38 38
48,149 49 49,150 50 50 50 51 51 51 51 51
é,75 6,75 | & 65,96, 7 66,75 | k65,66,75 66,75 | 66,75 | 66,75 | 66,75 66,75 66,75 66,75
83 182,83 83,85 "84 ¥ 83 84 84 8 | 85 85, 85 85 85
98 97 (98, ""99 100 99 k 98 99 99 100 100 100 100 100 100
128 120 ¥ 128, '130 130,913 | k128, i31 o132 133 | 133,7 134 134 135 135 135
169 170 1 © 172 | k169,173 174 | 175, 177 1176, 7 177 177 178 178 £177,178
0 203,204 205 206 207 208 | % 205,209 210 211 |212,r 213 213 214 214 214
242 243 244 245 246 247 248 249 (250, 251 251 252 252 252
262 263 264 265 266 267 268 269 |270,r 271 271 272 272 272
282 283 284 285 286 287 288 289 290 291 292 . 292 292
302 303 304 3056 306 307, 308 309 310 311 312 312 312
322 323 324 325 326 327 328 329 330 331 332 332 332
352 353 254 355 356 357 358 359 360 361 362 362 362
382 383 384 | 385 386 387 388 389 390 391 392 393 394

e Rating tables and index to Water-Supply Papers 35-39 contained in Water-Supply j Loup and Platte rivers near Columbus, Nebr., and all tributaries below junction
s

Pag)er 39. Estimates for 1899 in T'wenty-first Annual Report, Part IV, with Platte.
James River only. * Tributaries of Mississippi from east.
¢ Scioto River. 1 Lake Ontario and tributaries to St. Lawrence River proper.
d Green and Gunnison rivers and Grand River above junction with Gunnison. m Hudson Bay only.
¢ Mohave River only. n» New England rivers on{y
7K and Kern rivers and South Pacific coast drainage basins. o Susquehanna River to Yadkin River, inclusive.
¢ Rating tables and index to Water-Su mgply Pnpers 47-52 and data on precipitation, » Hudson River to Delaware River, inclusive.
wells, and irrigation in-California and U in Water-Supply Paper 52. Esti- ¢ Platte and Kansas rivers.
mates for 1900 in Twenty-second Annual Report, Pa.rt IV, r Great Basin in California, except Truckee and Carson river basins.
h Wissahickon and Sohuylkﬂl rivers to James River. ¢, Umpqua, and Sﬂetz rivers only.

¢ Gallatin River. . . ow junction with G:

0T
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DEFINITION OF TERMS. 11

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

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

Albany, N. Y., Room, 18, Federal Building.
Atlanta, Ga., Post Office Building.

Madison, Wis., Capitol Building.

St. Paul, Minn., Old Capitol Building.

Helena, Mont., Montana National Bank Building.
.Denver, Colo., 302 Chamber of Commerce Building.
Phoenix, Ariz., Fleming Building.

Austin, Tex., Old Post Office Building.

Salt Lake City, Utah, 421 Federal Building.
Boise, Idaho, 615 Idaho Building.

Tacoma, Wash., Federal Building.

Portland, Oreg., 416 Couch Building.

San Francisco, Cal., 505 Customhouse.

Los Angeles, Cal., Federal Building.

Honolulu, Hawaii, Kapiolani Building.

" DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
charge”—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feei), gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in depth in inches, acre-feet, and millions of cubic
feet. The principal terms used in this series of reports are second-
feet, second-feet per square mile, run-off in inches, acre-feet, and
nillions of cubic feet. They may be defined as follows:

“Second-feet’” is an abbreviation for “cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross-section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed by the use of the factors given
in the tables of convenient equivalents (p. 12).

“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained, on
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the assumption that the run-off is distributed uniformly both as re-
gards time and area.

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

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

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

The following terms used in these reports are not in commeon use.

“Discharge relation,” an abbreviation for the term “relation of
gage height to discharge.”

“Control,” “controlling section,” and ‘“point of control,” terms
used to designate the section or sections of the stream below the gage
which determine the discharge relation at the gage. It should be
noted that the control may not be the same section or sections at all
stages.

The “point of zero flow” for a given gaging station is that point on
the gage—the gage height—to which the surface of the river would
fall if there were no flow.

v

CONVENIENT EQUIVALENTS.

- The following is a list of convenient equivalents for use in hydraulie
computations:

Table for converting discharge in second-feet per square mile into run-off in depth in inches
over the area.

Discharge Run-off in inches.
in second-
feet per
square mile.| - 1 day. 28 days. 29 days. 30 days. 31 days.
0.03719 1.041 1.079 1.116 1.153
. 07438 2. 083 2.157 2.231 2. 306
11157 3.124 3.236 3.347 3.459
. 14876 4.165 4.314 4.463 4.612
.18595 5.207 5.393 5. 578 5. 764
.22314 6.248 6.471 6. 694 6.917
.26033 7.289 7.550 7.810 8.070
. 29752 8.331 8.628 8.926 9.223
. 33471 9.372 9. 707 10. 041 10.376

Nore.—For part of 4 month multiply the figure for one day by the number of days.



CONVENIENT EQUIVALENTS. 13

Table for converting discharge in second-feet into run-off in acre-feet.

Run-off in acre-feet.

Discharge
in second-
feet. lday. | 28days. | 20days. | 30days. | 31days.

1.983 57.52 61.49
3967 | 111 115.0 1190 123.0
5950 | 1666 172.6 178.5 1845
7034 | 2221 2301 238.0 246.0
9.017 | o7 287.6 297.5 307.4
11,90 3332 345.1 357.0 368.9
1388 338.8 102.6 416.5 30,4
15.87 144.3 260.2 476.0 91,9
17.85 199.8 5177 535.5 553

Norte.—For part of a month multiply the figure for one day by the number of days.
Table for converting discharge in second-feet into run-off in millions of cubic-feet.

Run-off in millions of cubic feet.

Discharge
in second-

feet. 1day. 28days. | 29days. | 30days. | 31days.

0.0864 2.419 2. 506 2.592 2.678

.1728 4.838 5.012 5.184 5.356

.2592 7.257 7.518 7.776 8.034

. 3456 9.676 10. 024 10. 368 10. 712

.4320 12. 095 12. 530 12. 960 13.390

.5184 15.514 15.036 15. 552 16. 068

.6048 16.933 17. 542 18.144 18.746 -
.6912 19.352 20. 048 20. 736 21.424

L7776 21,711 22.554 23.328 24.102

NoTte.—For part of a month multiply the figure for one day by the number of day.
Table for converting discharge in second-feet into run-off in millions of gallons.

Run-off in milli f gall

Discharge un-off in ons of gallons.
in second-

feet. lday. | 28days. | 29days. | 30days. | 31days.
1 0.6463 18.10 18.74 19.39 20.04
2 1.293 36.20 37.48 38.78 40.08
3 1.939 54,30 56.22 58.17 60. 12
4 2.585 72.40 74.96 77.56 80.16
5 3.232 50 93.70 96.95 100. 2
6 3.878 108.6 112.4 116.3 120.2
7 4.524 126.7 131.2 135.7 140.3
8 5.170 144.8 149.9 155.1 160.3
9 5.817 162.9 168.7 174.5 180. 4

NorE.=~For part of month multiply the figure for one day by the number of days.

Table for converting velocity in feet per second into velocity in miles per hour.

[1 foot per second=0.681818 mile per hour, or two-thirds mile perhour, very nearly; 1 mile per hour=1.4666
feet per second. In computing the table the figures 0.68182 and 1.4667 were used.)

Tenths.
Units.

0 1 2 3 4 5 6 7 8 9
0.000| 0.068 | 0.136 | 0.205| 0.273 | 0.341| 0.409 | 0.477 | 0.545 | 0.614

.682 750 .818 .886 .995 | 1.02 1.09 1.16 1.23 | 1.30
1.36 1.43 1.50 1.57 1.64 1.70 1.77 1.84 1.91 | 1.98
2.05 2.11 2.18 2.25 2.32 2.39 2.45 2.52 2.59 | 2.68
2.73 2.80 2.86 2.93 3.00 3.07 3.14 3.20 3.27 |3.34
3.41 3.48 3.55 3.61 3.68 3.75 3.82 3.89 3.95 | 4.02
4.09 4.16 4.23 4.30 4.36 4.43 4.50 4.57 4.64 | 4.70
4.77 4.84 4.91 4.98 5.05 5.11 5.18 5.25 5.82 | 5.39
5.45 5.52 5.59 5.66 5.73 5.80 5.86 5.93 6.00 |6.07
6.14 6.20 6.27 6.34 6.41 6.48 6.55 | 6.61 6.68 | 6.75
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1 second-foot equals 40 California miner’s inches (law of Mar. 23, 1901).

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,317 gallons for one day.

1 second-foot for one year (365 days) covers 1 square mile 1.131 feet or 13.572 inches
deep.

1 second-foot for one year (365 days) equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour..

1 second-foot for one year (365 days) equals 724 acre-feet.

1 second-foot for one day covers 1 square mile 0.03719 mch deep.

1 second-foot for one day equals 86,400 cubic feet.

1,000,000,000 (1 United States bllhon) cubic feet equals 11,570 second-feet for one
day.

1,000,000,000 cubic feet equals 414 second-feet for one 28-day month.

1,000,000,000 cubic feet equals 399 second-feet for one 29-day month.

1,000,000 cubic feet equals 386 second-feet for one 30-day month.

1,000,000,000 cubic feet equals 373 second-feet for one 31-day month.

100 California miner’s inches equals 18.7 United States gallons per second.

100 California miner’s inches for one day equal 4.96 acre-feet.

100 Colorado miner’s inches equal 2.60 second-feet.

100 Colorado’s miner’s inches equal 19.5 United States gallons per second.

100 Colorado miner’s inches for one day equal 5.17 acre-feet.

100 United States Gallons per minute equal 0.223 second-foot.

100 United States gallons per minute for one day equal 0.442 acre-foot.

1,000,000 United States gallons per day equal 1.55 second-feet.

1,000,000 United States gallons equal 3.07 acre-feet.

1,000,000 cubic feet equal 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

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

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet.

1 acre equals 209 feet square, nearly.

1 square mile equals 2.59 square kilometers.

1 cubic foot equals 0.0283 cubic meter.

1 cubié foor of water weighs 62.5 pounds.

1 cubic meter per minute equals 0.5886 second-foot,

1 horsepower equals 550 foot pounds per second.

1 horsepower equals 76.0 kilogram-meters per second.

1 horsepower equals 746 watts.

1 horse power equals 1 second-foot falling 8.80 feet.

1} horsepower equals about 1 kilowatt.
Sec.-ft. Xfall in feet,

11

wheel realizing 80 pey cent of theoretical power.

To calculate water power quickly: =net horsepower on water
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EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1913, and ending September 30, 1914. At the first of January in
most parts of the country a large amount of phe precipitation for
the preceding three months is stored, either as ground water, in the
form of snow, or in lakes. This stored water passes off in the streams
during the spring break up. At the end of September the only
stored water available for run-off in the streams is possibly a small
amount held in ground storage. Therefore the run-off for a year
beginning with October 1 is practically all derived from precipitation
occurring within that year.

For each regular gaging station the following data, so far as avail-
able, are given: Description of the station, list of discharge measure-
ments, table of daily gage heights, table of daily discharge, table of
monthly and yearly discharge and run-off. For stations located at
weirs or dams the gage-height table is usually omitted.
~ In addition to statements regarding the location and equipment of
gaging stations the descriptions give information in regard to any
conditions that may affect the constancy of the discharge relation
covering such points as ice, logging, shifting channels, and back-
water; also information regarding diversions which decrease the total
flow at the gage. Statements are also made regarding the accuracy
of the data and computed results.

In the tables of daily gage height the use of zeros in the hundredths
place indicates the degree of refinement to which the gage was read
and to-which the mean daily gage height was computed. If a gage
is read to tenths or half-tenths once a day or to tenths twice a day,
no zeros appear in the hundredths place for any stage. If the gage
is read to half-tenths twice a day or to quarter-tenths or hundredths,

- regardless of the number of readings a day, the gage heights are pub-
lished to hundredths, and zeros appear in the hundredths place,
below a certain limiting stage. This limiting stage is so selected
that the average error in the mean daily discharge, resulting from
not using the mean daily gage height to hundredths above that stage,
shall not be gleater than 2 per cent. For automatic gages the allow-
able average error of the daily discharge has been taken as 1 per
cent. The selection of the percentage is arbitrary, but it should be
noted that the maximum error will in all cases be twice the average
error. In like manner half-tenths are used from the hundredths
limit to another higher limit, above which only tenths are used. It
is the aim to have the gage-height observations at each gaging station
recorded to the degree of refinement required by the above method
of use, but in practice it is found necessary, in order to avoid confu-
sion in the gage observer’s record, to have the observations for all
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stages recorded to the degree of refinement required for low stages,
which usually necessitates readings to hundredths of a foot.

The table of daily gage height shows the daily fluctuations of the
surface of the river as found from the mean of .the gage readings taken
each day, usually in the morning and in the evening, though at many
stations only one reading is made each day. At many stations auto-
matic gages are used, some of which give a continuous record of
river stage in the form of a hydrograph and others a record printed
at intervals, from which the mean daily gage height can be com-
puted. The gage height given in the table represents the elevation of
thesurface of the water above the zero of the gage. When the discharge
relation is affected by the presence of ice in the streams or by back-
water from obstructions, all gage heights are published as recorded,
with suitable footnotes. The rating table is not applicable for such
periods unless the proper corrections to the gage heights are known
and applied. Attention is called to the fact that the zero of the
gage is placed at an arbitrary datum, in general, somewhat below
the lowest point in the cross section, to avoid negative readings.

The discharge measurements and gage heights are the base data
from which rating tables, daily discharge tables, and monthly dis-
charge tables are computed.

The base data presented in this report, unless otherwise stated in
description of station, have been collected by the methods commonly
used at current-meter gaging stations and described in standard text-
books. (See Pls. I and II.)

The rating table gives, either directly or by interpolatien, the
discharge in second-feet corresponding to every stage of the river
recorded during the period for which it is applicable. It is not pub-
lished in this report, but can be determined from the tables. of daily
gage heights.and daily discharge.

The table of daily discharge determined from the gage height and
rating table gives the discharge in second-feet corresponding to the
means of the gage readings observed each day. At some stations
subject to rapid or 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. When such stations are equipped with
automatic gages the true mean daily discharge may be obtained by
weighting discharges for parts of the day.

In the table of monthly discharge the column headed ‘‘Maximum”’
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is the
mean for the day, it does not indicate correctly the stage at which the
water surface was at crest height and the corresponding discharge
was consequently larger than given in the maxirhum column. Like-
wise, in the column of ““Minimum” the quantity given is the mean
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flow for the day when the mean gage height was lowest. The column
headed ‘“Mean” is the average flow in cubic feet for each second
during the month. On this the computations for the remaining col-
umns, which are defined on pages 11 and 12, are based.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

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

In order to give engineers and others information regarding the
probable accuracy of the computed results, footnotes are added to
the daily discharge tables, stating the probable accuracy of the rating
tables used, and an accuracy column is inserted in the monthly dis-
charge table. For the rating tables, ‘“well defined” indicates, in
general, that the rating is probably accurate within 5 per cent;
“fairly well defined” within 10 per cent; ‘‘poorly defined” or ‘‘ap-
proximate’ 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 accuracy column in the monthly discharge table does not apply
to the estimate of maximum or minimum discharge nor to that for
any one day, but to the monthly mean. It is based on the accuracy
of the rating curve, the probable reliability of the observer, the num-
ber of gage readings per day, the range of the fluctuation in stage,
and knowledge of local conditions. In this column A indicates that
the mean monthly flow is probably accurate within 5 per cent; B,
within 10 per cent; C, within 15 per cent; D, within 25 per cent,
Special conditions are covered by footnotes.

Even though the monthly means for any station may represent
with a high degree of accuracy the quantity of water flowing past the
gage, the figures showing discharge per square mile and depth of run-
off in inches may be subject to gross errors which result from includ-
ing in the measured drainage area large noncontributing districts or
omitting estimates of water diverted for irrigation or other use. On
this account computations of ‘‘second-feet per square mile’”’ and
“run-off (depth in inches)”” have not been made for streams drain-
ing areas in which the annual rainfall is less than 20 inches, nor for
streams draining areas in which the precipitation exceeds 20 inches
if such computations might be uncertain or misleading because of the
presence of large noncontributing districts in the measured drainage
area, because of the omission ef estimates of water diverted for irri- -
gation or other use, or because of artificial control or unusual natural
control of the flow of the river above the gaging station. All values
of ‘‘second-feet per square mile” and ‘‘run-off (depth in inches)”

97825°—wsP 385—156——2
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previously published by the Survey should be used with care because
of passible inherent sources of error not known to the Survey.

In general the base data collected each year by the Survey engi-
neers are published not only to comply with the law but also to afford
any engineer the means of analyzing in detail the results of the com-
putations. The table of monthly discharge is so arranged as. to give
only a general idea of the flow at the station and should not be used
for other than preliminary estimates; the tables of daily discharge
allow more detailed studies of the variation in flow. It should be
borne in mind, however, that the observations in each succeeding
year may be expected to throw new light on data already collected

and published.
COOPERATION.

During the year ending September 30, 1914, the stream-measure-
ment work of the Survey in the Hudson Bay and upper Mississippi
River basins was carried on in cooperation with the States as indi-
cated in the following paragraphs: '

In Montana the work was done in cooperation with the United
States Reclamation Service.

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

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

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

In Wisconsin the work was done in cooperation with the State
Railroad Commission, C. M. Larson, chief engineer.

In Iowa the cooperating organization is the Iowa Geological Survey,
George 1. Kay, director.

In Ilinois the work was done in cooperation with the State of
Illinois Rivers and Lakes Commission.

DIVISION OF WORK.

Field data in the Hudson Bay drainage basin, except in Minnesota,
were collected under the direetion of W. A. Lamb, district engineer,
Helena, Mont., by E. F. Chandler, W. B. Stevenson, Ole Christianson,
and L. W. Burdick. The ratings and studies of the completed data
were made by W. A. Lamb, E. F. Chandler, and B. J. Peterson.
Estimates of flow during periods when the discharge relation was
~ affected by ice were made by E. F. Chandler.
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Field data in the Hudson Bay drainage basin in Minnesota were
collected under the: direction of W. G. Hoyt, district engineer,
Madison, Wis., by S. B. Soulé, E. F. Chandler, B. J. Peterson, J. B.
Stewart, W. B. Stevenson, Ole Christianson, and L. W. Burdick.
The ratings and studies of the completed data were made by W. G.
Hoyt, E. F. Chandler, and B. J. Peterson. The estimates of flow
during periods when the discharge relation was affected by ice were
made by S. B. Soulé and E. F. Chandler.

Field data for the upper Mississippi River drainage basin in Minne-
sota and Iowa were collected under the direction of W. G. Hoyt,
district engineer, Madison, Wis., by S. B. Soulé, B. J. Peterson, and
J. B. Stewart. The ratings and studies of the completed data were
made by S. B. Soulé and B. J. Peterson. Estimates of flow when the
discharge relation was affected by ice were made by S. B. Soulé.

Field data for the upper Mississippi River drainage basin in the
State of Wisconsin were collected under the direction of W. G. Hoyt,
district engineer, Madison, Wis., by G. H. Canfield, H. C. Beckman,
M. F. Rather, O. A. Stellar, and E. E. Dillon. The ratings and
studies of the completed data were made by W. G. Hoyt and B. J.
Peterson. Estimates of flow when the discharge relation was
affected by ice were made by W. G. Hoyt.

In the upper Mississippi River drainage basin in Illinois the field
data were collected under the direction of A. H. Horton, district
engineer, Washington, D. C., by B. J. Peterson and William Kessler.

The completed data for the report were prepared for publication by
B. J. Peterson. Computations for stations in the State of Wisconsin
were made under the direction of B. J. Peterson, by G. H. Canfield,
H. C. Beckman, W. C. Muehlstein, and Joe Entringer. Computations
for stations outside of the State of Wisconsin were made by J. G.
Mathers, B. J. Peterson, M. I. Walters, and W. A. Elwood.

The report was edited by Mrs. B. D. Wood.

STATION RECORDS.
HUDSON BAY DRAINAGE AREA IN THE UNITED STATES.
ST. MARY RIVER NEAR BABB, MONT.

Location.—Near dam site one-fourth mile below outlet of lower St. Mary Lake, 1
mile above mouth of Swiftcurrent Creek, and about 2 miles south of Babb, Mont.

Records available.—April 9, 1902, to September 30, 1914.

Drainage area.—177 square miles.

Gage.—Chain gage on right bank; a temporary low-water gage used during winter
months.

Channel and control.—Practically permanent.

Discharge measurements.—Made from cable 300 feet below gage. In September,
1909, the cable was moved from a point 300 feet downstream. Low-water measure-
ments made by wading one-fourth mile above gage.

Winter flow.—Channel freezes over at gage but records are not affected thereby,

Floods.—The flood of June 5, 1908, reached a stage of about 9.4 feet.

Accuracy.—Records good.
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13, 1914.

Discharge measurements of St. Mary River near Babb, Mont., during the year ending Sept.
[Made by W. A. Lamb.]

Dis-
charge.

()

G
height.

Date.

a Made by wading.

ight, in feet, of St. Mary River near Babb, Mont., for the year ending Sept. 30,

Daily gage

1914.
[G. R. Barnhart, observer.}

May. | June. | July. | Aug. | Sept.

Feb. | Mar. | Apr.

Jan.

Dec.

Nov.

Oct.

Day.

NotE.—Discharge relation probably not materially affected by ice during the year.
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., for the year ending
Sept. 80, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
90 108 590 | 1 995 540 367
90 108 590 | 1,360 995 540 349
90 108 645 | 1,520 995 540 314
90 108 755 11,680 | 1,030 540 331
90| 108 | 875 (1,680 (1,060 490 314
90 108 935 (1,760 { 1,060 | 515 296
90 108 935 | 1,680 | 1,200 490 296

108 9351 1,520 | 1,130 490 296
90 108 875 | 1,360 | 1,200 445 296
90 108 935 | 1,130 | 1,060 | 405 280
90 108 935 | 1,060 | 1,130 | 445 296
90 108 995 935 | 1,060 425 248
90 128 | 1,060 995 | 1,060 405 248
90 128 | 1,060 | 1,060 | 1,060 405 248
90 151 | 1,130 | 1,060 | 935 405 263
92 151 | 1,200 | 1,200 935 405 263
94 176 | 1,280 | 1,280 935 405 263 -
96 176 | 1,440 | 1,360 875 405 248
99 203 | 1,520 | 1,440 845 405 263
99 263 | 1,440 | 1,520 815 445 288
99 296 | 1,600 | 1,5 700 | 425 314

296 | 1,520 | 1,440 | 700 | 425 332
99 367 | 1,520 | 1,360 700 405 349
99 405 | 1,520 | 1,210 700 425 367
99 405 | 1,440 | 1,060 590 | 405 387

31.

NoTtE.—Daily discharge determined from a well-defined rating curve. Discharge interpolated for days
for which gage heights are missing. Discharge, Dec. 1-19, 1913, estimated by comparison with St. Mary
River below Swiftcurrent Creek at 140 second-feet.

Monthly discharge of St. Mary River near Babb, Mont., for the year ending Sept. 30, 1914.

[Drainage area, 177 square miles.]

Discharge in second-feet. Run-off.
Month. -Depth in Accu-
Per h : racy.
incheson | Totalin
Maximum. | Minimum. | Mean. sgltha:e drainage | acrefeet.
. area.
1.25 1.44 13,700 | A.
1.17 1.30 12,300 | A.
. 650 .75 7,070 | C.
.345 .40 3,760 | C.
. 428 .45 4,210 | C.
.532 .61 5,790 | C.
1.31 1.46 13,800 | A.
6. 61 7.62 71,900 | A.
7.23 8.07 76,200 | A.
4,94 5.70 53,700 [ A.
2. 46 2.84 26,800 | A.
1.81 2.02 19,100 | A.
The year. ............ 1,760 [-ccoooennnn. 426 2.41 32.66 308,000

o
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ST. MARY RIVER BELOW SWIFTCURRENT CREEK, AT BABB, MONT.

Location.—At Babb, Mont., about 1 mile below mouth of Swiftcurrent Creek.

Records available.—July 14, 1901, to October 18, 1902, and May 13, 1910, to Sep-
tember 30, 1914.

Drainage area.—298 square miles.

Gage.—Overhanging chain gage on right bank.

Channel and control.—Likely to change. A small overflow channel from Swift-
current Creek enters on left bank about 100 feet helow gage.

Discharge measurements.—Made from a cable, 50 feet above gage. Low-water
measurements made by wading. The overflow from Swiftcurrent Creek is meas-
ured from a footbridge. :

Winter flow.—Discharge relation slightly affected by ice during winter.

Floods.—Probably the highest stage was reached June 5, 1908. No records of this
flood were obtained at this point.

Accuracy.—Records fair.

Discharge measurements of St. Mary River below Swiftcurrent Creek, at Babb, Mont.,
during the year ending Sept. 80, 1914.
[Made by W. A. Lamb.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
4.38 299 6.79 2,260
3.91 124 5.56 1,
6.68 2,220 4.57

NoOTE.—These measurements do not include the overflow from Swiftcurrent Creek.

Daily gage height, in feet, of St. Mary River below Swzftcurreht Creek, at Babb, Mont.,
: Jor the year ending Sept. 30, 1914.

[Frank Woolf, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. { Apr. | May. | June. | July. [ Aug. | Sept.
4.35| 4.5 4.3 3.8 3.9 3.95| 4.0
4.3 4.5 4.3 3.8 3.9 3.95| 4.0
4.2 4.5 4.2 3.8 3.9 3.95| 4.0
4.2 4.5 4.2 3.75| 3.95 4.0
4.25| 4.5 4.2 3.75| 3.95|. 4.0
4.3 4.5 | 4.2 3.75| 3.95- 4.0 |.
4.3 4.5 4.2 3.75| 3.95 4.1
4.3 4.5 4.35| 3.8 3.95 4.1 6.0
4.3 4.5 4.2 3.8 3.95 4.15| 6.1
4.3 4.5 4.2 | 3.85| 3.95 4.15| 6.3
4.3 | 4.4 [ 4.2 3.85| 3.9 4.1 6.2
4.3 4.3 4.2 3.85 | 3.95 4.1 6.4
4.3 4.3 4.2 3.9 3.95 4.3 | 6.3
4.3 4.3 4.4 3.9 3.95 4.4 6.4
4.3 4.3 4.4 3.9 | 3.9 4.4 | 6.3
4.3 4.3 3.5 3.9 3.95 4.55| 6.5
4.3 4.3 3.7 3.9 3.95 4.7 6.8
4.3 4.3 3.9 3.9 3.95 48 6.8
4.3 4.3 3.9 3.9 3.95 4.8 6.9
4.35| 4.3 3.9 3.9 3.95 4.8 6.8
4351 4.3 3.9 3.9 3.9 X 50 | 6.9
4.35) 4.25| 3.9 3.9 3.9 X 5.2 | 6.7
4.3 4.3 3.8 3.9 3.9 4.0 5.4 8.7 |.
4.3 4.3 3.8 3.95| 3.9 4.0 5.45| 6.75 |.
4.3 4.3 3.8 3.95| 3.9 4.1 5.45| 6.75 |.
4.4 4.3 3.8 | 3.95| 3.9 4.1 5.45 | 6.75 {.
4.4 4.3 3.8 3.95) 3.9°| 3.95| 5.4 | 6.65].
4.45| 4.3 3.8 3.95| 3.9 3.95| 5.4 6.6 |.
4.4 4.3 .95 [....... 4.0 5.4 6.5 |.
4.4 4.3 |-eeo-oo| 3.95)....... 4.0 5.4 6.5
4.5 | ool 895 ...... 4.0 |[-...... 6.4

NoTE.—Discharge relation affected by ice Jan. 1 to Feb.28. No reliable gage-height records were obtained
June 22 to July 20, on account of disturbance of gage by high water.
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Daily discharge, in second-feet, of St. Mary River-below Swiftcurrent Creek, at Babb, Mont.,
Jor the year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
132 150 952 | 1,880 | 1,460 760 530
132 150 | 1,200 { 1,940 | 1,420 750 510
132 150 | 1,700 | 1,940 | 1,460 740 490
132 150 | 1,660 | 2,110 | 1,500 735 480
132 150 | 1,460 | 2,160 | 1,600 730 470
132 150 | 1,370 | 2,280 | 1,690 720 460
132 185 | 1,360 | 2,160 | 1,740 710 460
132 185 { 1,420 | 1,950 { 1,640 700 460
132 202 | 1,520 | 1,770 | 1,640 670 460
132| 202|1,720|1,620| 1,640 | 630 40
132 185 | 1,620 | 1,500 | 1,550 590 430
132 185 | 1,830 | 1,570 | 1,460 560 420
132 260 | 1,720 | 1,700 | 1,460 520 380
132 300 | 1,830 | 1,900 | 1,370 470 370
132 | 300|1,720|2,130 | 1,370 | 470 370
132 370 | 1,940 | 2,130 | 1,280 460 370
132 450 | 2,280 | 2,130 | 1,280 502 380
132 505 | 2,280 | 2,240 | 1,280 568 440

132 505 | 2,400 | 2,240 { 1,200 705 440

Norte.—Daily discharge determined from two fairly well defined rating curves applicable Oct. 1 to June
15 and June 16 to Sept. 30. Daily discharge May 2-7, June 8-16, June 22 to July 20, Aug. 1-16, and
Aug. 21 to Sept. 17, estimated from flow of St. Mary River near Babb and Kimball.

Daily gage height, in feet, of Swiftcurrent Creek overflow at Babb, Mont., for the year ending
Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. [ Mar. | Apr. | May. | June. | July.
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Daily discharge, in second-feet, of Swiftcurrent Creek overflow at Babb,
ending Sept. 30, 1914.

Mont., for the year

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

28 42 | 22 4.4 0.8

28 42| 28 3.2 4

35 50| 28 2.2 .4

42 50 | 28 2.2 .4

42 50 35 2.2 .4

42 50| 35 2.2 .4

35 50 | 35 1.4 .4

28 50 | 35 .8 .8

28 50 | 35 .4 1.4

28 58| 35 .4 2.2

8.0 28 58 | 42 .4 3.2

4.4 28 58 | 35 .4 3.2

6.0 22 58 | 35 .4 3.2

8.0 22 58 | 35 .8 3.2

10 22 58| 28 1.4 3.2

8.0 35 50 | 28 2.2 3.2

4.4 58 50| 28 3.2 4.4

4.4 66 581 22 4.4 4.4

6.0 66 58 | 22 6.0 6.0

8.0 66 58 | 22 6.0 6.0

8.0 74 58 [ 18 6.0 8.0
8.0 66 58 | 18 8.0 10
8.0 66 58| 14 8.0 10
8.0 66 66 | 10 8.0 14
8.0 66 66 | 10 10 14
10 66 58 | 10 10 14
10 74 421 10 8.0 18

10 74 28 8.0 3.2 14 .
10 74 22 8.0 .8 14
10 50 22 6.0 .8 14

10 42 §....... 4.4 P 2 PO,

Note.—Discharge determined from a well-defined rating curve.

Combined daily discharge, in second-feet, of St. Mary River and Swiftcurrent Creek over-
Jflow at Babb, Mondt., for the year ending Sept. 30, 1914. ~

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

132 150 | 980 | 1,920 | 1,480 | 764 531

132 | 150 1,230 | 1,980 | 1,450 | 753 510

132 150 | 1,740 | 1,990 | 1,490 742 490

132 150 | 1,700 | 2,160 [ 1,530 | 737 480

132 150 | 1,500 | 2,210 | 1,640 | 732 470

132 | 150 | 1,410 | 2,330 | 1,720 | 722 460

132 185 | 1,400 | 2,210 | 1,780 711 460

132 185 | 1,450 | 2,000 | 1,680 701 461

132| 202 |1,550 | 1,820 | 1,680 | 670 461

132 202 (1,750 | 1,680 | 1,680 | 630 442

132 185 | 1,650 | 1,660 | 1,590 | 590 433

132 185 | 1,860 | 1,630 | 1,500 | 560 423

132 260 | 1,740 | 1,760 | 1,500 | 520 383

132 | 300 | 1,850 | 1,960 | 1,400 471 373

132 | 300 | 1,740 | 2,190 | 1,400 471 373

132 | 370 | 1,980 | 2,180 | 1,310 462 373

132 460 | 2,340 | 2,180 | 1,310 | 508 384

132 5151 2,350 | 2,300 | 1 ,300 572 444

132 | 515 2,470 | 2,300 | 1,220 | 711 446

....... 132 | 519 | 2,350 | 2,400 | 1,140 | 711 508
....... 132 | 665 ] 2,470 | 2,300 | 1,140 | 706 543

. 132 | 812 2,230 | 2,090 | 1,140 | 708 630

90 |. 150 | 957 {2,230 | 1,900 | 979 703 715
90 |. 150 | 994 | 2,290 | 1,810 | 975 698 719
90 |. 185 994 | 2,200 | 1,810 | 975 680 719
90 |. 185 994 | 2,290 | 1,700 | 975 650 719
90 |. 132 | 957 (2,180 | 1,590 | 975 628 653
90 |. 132 | 957 2,120 | 1,580 | 898 | 603 719
90 |. 150 | 950 12,010 | 1,480 | 898 | 581 719
90 |. 150 | 94311,990 | 1,480 | 896 | 561 719
90 |. 150 {....... 1,870 |....... 894 | 541 [...... .
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Combined monthly discharge of St. Mary River and Swy”tcurrent Creek overflow at Babb,
Mont., for the year ending Sept. 30, 1914.

[Drainage area, 298 square miles.]

Discharge in second-feet. Run-off.
Month. Per Depth in . ‘?:g“'
Maximum. | Minimi Mean, uare | incheson | Totalin v
aximu inimum. - | Shitec | drainage | acrefeet.
area.
October.........ccoooea... 385 226 277 0.930 1.07 17,000 | B.
November. . 345 240 289 .970 1.08 17,200 | B.
164 .550 .63 10,100 | B.
1302 '35 5,530 | D.
110 . 369 .38 6,110 | D,
138 - 463 153 8,480 | C.
484 1.62 1.81 B.
1,900 6.38 7.36 117,000 | B.
1950 |  6.54 7.30 | 116,000 | B.
1310 | 440 5.07 B.
9 2.14 2.47 39,300 | B.
527 1.77 1.98 31 400 | B,
659 2.21 30,03 478, 000

NotE.—Discharge for January and February estimated.
ST. MARY RIVER NEAR KIMBALL, ALBERTA.

Location.—In the SW. } sec. 25, T. 1 N., R. 25 W. fourth meridian, about 1 mile
above the Alberta Railway & Irrigation Co.’s dam and headgate, about 1 mile
southwest of Kimball, and about 5 miles north of the Canadian boundary line;
about 3,000 feet above station maintained by Irrigation Branch, Department of
the Interior, Canada; previous to January 1, 1913, at Cook’s ranch,! about 5
miles above present site.

Records available.—January 1 to September 30, 1913, at present location; Septem-
ber 4, 1902, to December 31, 1912, at Cook’s ranch; 1905 to 1912, at station main-
tained by Irrigation Branch, Department of the Interior, Canada.

Drainage area.—472 square miles at present site; 452 square miles at Cook’s ranch.

Gage.—Friez water-stage register. Staff gage used to obtain winter records at the
Canadian station.

Channel and control.—Shifting.

Discharge measurements.—Made from a cable about 3,000 feet downstream or by
wading.

Winter low.—Affected by ice.

Regulation and diversions.—No diversions or regulation above gage

Accuracy.—Estimates of flow reliable.

Cooperation.—Station maintained jointly with the Irrigation Office, Department
of the Interior, Canada, during 1913.

1 Station knowa as St. Mary River near Cardston.
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a Canadian engineer.
NoTE.—Gage he‘gghts of discharge measurements Dec. 16, 1913, to Apr. 7, 1914, refer to staff gage. See

“gage’’ in station description.

Note.—Daily gage heights Jan. 1 to Apr. 1 when discharge relation was affected by ice, read on staff

gage. See “gageg’ %n station description.
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Daily discharge, in second-feet, of St. Mary River mear Kimball, Alberta, for the year
: ending Sept. 30, 1914.

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

46| 27| 8| 81| 128| <265)1,092]2314)1,686| 832| 609
416 | 298| 94| 78| 139| 275 |1,543 | 2,587 | 1,675 | 810 | 567
398 | 312| 103| 73| 148| 28820852809 |1,719| 810| 537
412 201| 114| 71| 57| 312]1,965|3,120| 1,753 | 825| 525
394 | 256 123 70| 168 | 200 1,764 | 3,004 [ 1,869 | 802 | 510

384 249 135 73 177 265 | 1,675 | 2,964 | 1,977 79 505
376 249 146 78 186 295 | 1,664 | 2,730 | 1,989 810 510
412 246 159 82 197 320 | 1,686 | 2,444 | 1,917 766 500

304 | 22| 172| 87| 207| 343|1,708 2,210 | 1,881 | 724 | 495
304 | 252 183| 90| 215| 362 |1,965 1,941 | 1,845 | 697 | 48
394 | 232 198| 96| 222| 3642049 1,788 | 1,810 633| 470
402 | 207| 215( 97| 226| 366 1,953 | 1,753 |1, 627 | 460
352 | 224 195| 98| 229| 440 1,965 2,148 | 1, 445

266 82 |....... 202 (1,092 | 2,379 | 1,753 | 855 | 633 724
333 | 87| 85 |...... . 222 | 1,074 | 2,198 | 1,742 | 855 | 615 710
....... 78| sa |l eas | 215 L] 840 9 |.ouenn.

NoTE.—Daily discharge determined from two well-defined rating curves applicable Oct. 1 to Dec. 15
and Apr. 12 to Sept.30. Daily discharge Dec. 16 to Apr. 11 estimated from discharge measurements, gage.
heights, temperature records, and comparison with other stations.

Monthly discharge of St. Mary River near Kimball, Alberta, for the year ending Sept. 30,

1914.
[Drainage area, 472 square miles.]
Discharge in second-feet.
. Depth in
h Run-off
Month. nehes o0 | (total in
Per drainage | oo o "foot)
Maximum. | Minimum. | Mean. | square area. '
mile
October. . ...cooioiiiaiaiiiaiaaa.. 576 364 448 0.949 1.09 27,546
November. 416 266 371 .786 .88 22,076
December. . 312 78 190 .403 .46 11,683
January.... 215 77 128 .27 31 7,870
February. . 130 70 101 .214 .22 , 609
March.... 248 98 184 .390 .45 11,314
April.. 1,129 265 637 1.350 151 37,904
May. 2,834 1,092 2,230 4.725 5.45 137,120
June. 3,120 1,742 2,331 4.939 5.51 138, 700
July... 1,989 0 1,430 3.030 3.49 7,927
August... 840 543 719 1.523 1.76 44,210
September. .........oo.oiieiiia. 818 410 584 1.237 38 34,750
The year......cceeeeeiaaan-. 3,120 70 783 1.659 22.51 567,000
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SWIFTCURRENT CREEK AT McDERMOTT LAKE, MONT.

Location.—Insec. 12, T. 35 N., R. 16 W., at the outlet of McDermott Lake, about 14
miles southwest of Babb, Mont.

Records available.—June 6, 1912, to September 30, 1914.

Drainage area.—31.4 square miles.

Gage.—Vertical staff attached to post on left bank at the lake outlet.

Channel and control.—Channel practically permanent; control is a limestone reef
at the lake outlet.

Discharge measurements.—Made by wading or from a cable across the outlet.

Winter flow.—Station discontinued during winter. Ice forms at gage, but control
section probably remains unobstructed.

Accuracy.—Records good.

The following discharge measurement was made by W. A. Lamb:
May 22, 1914: Gage height, 2.8 feet; discharge, 381 second-feet.
Daily gage height, in feet, of Swiftcurrent Creek at McDermott Lake, Mont., for the year
ending Sept. 80, 1914.
[F. M. Stevenson and R. A. Reynolds, observers.]

Day. Oct. | Nov.| Dec. | Apr. | May. | June. Day. Oct. | Nov. | Dec. | Apr. | May.| June.

ISICICIY
B/EHE 8B&

Daily discharge, in second-feet, of Swiftcurrent Creek at McDermott Lake, Mont., for the
year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Apr. | May. | June. Day. Oct. | Nov. | Dec. | Apr. | May. | June.
76 76 62 84| 186 115 67 50 | 127 | 475 400
76| 76| 62| 84| 178 121 71| 50| 127 | 530 | 445
76| 8| 62| 84| 200 127| 76| 50| 127 | 580 | 445
76| 94| 62| 84| 250 110 76| 50| 155| 490 | 490
80 91 62 84| 200 94 76 50 ( 155 | 445 540
84 87° 62 84 | 226 104 76 50 | 155 | 436 418
89 84 62 84| 250 115 73 50| 155 | 378 354
94| 78| 64| 84| 275]|. 115 71| 51f 155| 391 | 290
94| 73| 65| 84| 300 115 68| 52| 172 | 364 | 225
94 68 66| 103 | 325 115 66 54| 188 | 540 188
94 62| 68| 103 | 355 94 64 55| 206 | 540 155
104 62 591 103 | 382 91 62 54| 225 238
115 62 50 | 127 | 324 87 62 52 225 | 378 256
115 62 50| 127 | 364 84 62| .51 | 183 | 378 | 335
115 62 50| 127 | 418 80 62 50| 188 | 355| 314

76 |oeee.. 49 |...... 391 |......

Nore.—Daily discharge determined from a rating curve well defined below 500 second-feet, except as
!ol}:vt:sa: Apr. 1-4, May 1-11, and June 27-30, estimated; for days for which gage heights are missing, inter-
pol .
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. Monthly discharge of Swiftcurrent Creek at McDermott Lake, Mont., for the year ending
Sept. 30, 1914. :

[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
Month, Per Depth in Potal in ‘:‘:g;,l'
. . inches on 0 .
Maximum, | Minimum., M'ean. sgnt;lzg drainage | acredfeet.
g area.

October-. . .. .. 127 76 97.6 3.11 3.58 6,000 | B
November. . .. 94 62 71.8 2.29 2. 56 4,270 | B
December. . 68 49 55.6 1.77 2.04 3,420 | B
April....... .. 225 84 133 4.24 4.73 7,910 [ B
BY e eeeai i 580 178 368 11.7 13.49 ,600 | B
June......ooooiiiiiiiiian.. 680 155 360 11.5 12.83 21,400 (| B

SWIFTCURRENT CREEK AT SHERBURNE LAKE, MONT.

Location.—In sec. 35, T. 36 N., R. 15 W., at the outlet of lower Sherburne Lake,
just above the boundary line between Glacier National Park and Blackfeet Indian
Reservation.

Records available.—July 1, 1912, to September 30, 1914.

Drainage area.—64.0 square miles.

Gage.—Vertical staff on left bank near the outlet of the lake.

Channel and control.—Apparently permanent.

Discharge measurements.—Made by wading or from a cable below the gage.

Winter flow.—Affected by ice.

Regulation and diversion.—No artificial storage or diversion above station.

Accuracy.—Accuracy of gage heights may be affected by wave action on the lake.

Discharge measurements of Swiftcurrent Creek at Sherburne Lake, Mont., during the year
ending Sept. 30, 1914.

[Made by W. A. Lamb.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
Mar. 14 .. iceeieeinieieeananen 1.06 40 || July 19: .o iieii e iiiaaas 3.70 276
May2l.. . ooioiiiiiaiannaaaan 4.95 565 || Sept. 9. .ccciiiiiiiiiaaaaas 3.45 a 135

a Discharge relation affected by channel obstruction due to excavation for Sherburne Lake dam.
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Daily gage height, in feet, of Swiftcurrent Creek at Sherburne Lake, Mont., for the year -
ending Sept. 30, 1914.

[R. A. Reynolds, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.55 | 4.8 4.35| 3.3 3.4
3.5 5.4 4.25| 3.3 3.4
5.2 6.0 4.0 3.3 3.4
5.6 6.2 3.9 3.25 3.35
5.0 5.9 5.0 3.25 3.35
4.4 5.2 5.1 3.3 3.3
4.0 4.5 4.8 3.3 3.35
3.75 | 4.2 4.6 3.3 3.5
4.15( 3.95 | 4.4 3.25 3.5
5.0 3.5 4.2 3.2 3.45
5.0 3.5 4.2 3.1 3.45
4.6 3.5 4.1 3.05 3.4
4.6 3.7 4.1 3.0 Jeeeun--
4.8 5.1 4.1 3.0 Jeeennn.
5.2 5.1 4.1 3.0 |eeeennn
5.6 4.8 4.05| 3.0 |e-..-.-
5.8 4.9 3.9 3.8 |eeennnn
5.7 5.2 3.8 3.95 |.eeannn
5.4 5.2 3.75| 3.7 |.......
5.3 5.0 3.7 3.65 [.......
5.0 4.9 3.6 3.5 [eeeennn
4.8 4.8 3.6 3.5 J|eeennnn
4.8 3.9 3.5 3.6 lo......
4.9 3.8 3.45| 4.0 |.......
5.6 3.6 3.4 .

5.7 3.7 3.3
5.2 4.0 3.3
4.7 4.1 3.25
4.5 4.5 3.25°
4.25] 4.4 3.25
4.4 |...... .| 3.65

Daily discharge, in second-feet, of Swiftcurrent Creek at Sherburne Lake, Mond., for the
year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
84 128 232 571 435
84 118 222 779 407
84 108 707 | 1,010 340
84 96 853 | 1,090 315
84 84 638 970 638
84 96 449 707 | 672
84 108 340 478 571
84 120 278 393 508
87 106 380 328 449
90 93 638 | .222| 393
93 88 638 222| 393
130 84 508 222 366
166 89 508 | 266 | 366
194 93 571 672 | 366
222 98 707 | 672| 366
198 100 853 571 353
175 103 930 | 604 | 315
151 94 891 707
127 84 779 707 278
103 87 743 638 266
100 90 638 | 604 243
98 93 571 571 243
118 85 571 315 222
138 77 290 212
166 76 853 243 | 202
194 74 891 266 | 183
222 71 707 340 183
202 69 539 366 174
183 66 478 478 174
160 64 407 449 |- 174
138 |....... 49 |....... 254

Note.—Daily discharge determined as follows: Oct. 1 to Dec. 31, 1913, and Apr. 18 to Aug. 16, 1914, from
arating curve well defined between 90 and 500 second-feet; Aug. 17 to Sept. 12, 1914, from a poorly defined
rating curve; Sept. 13-30, 1914, estimated, at 125 second-feet,
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Monthly discharge of Swiftcurrent Creek at Sherburne Lake, Mont., for the year ending
- Sept. 80, 1914.

[Drainage area, 64.0 square miles.]

Discharge in second-feet.
Depth in
inches on Run-oft Accu-
Month. P P (total in
. . er drainage | gore feet,) |TACY-
Maximum. | Minimum. | Mean. square area. .
mile.
222 84 133 2.08 2.40 8,180 | B
128 64 91. 4 1.43 1. 60 5,440 | B
66 61 61.7 . 966 .11 3,790 | B
366 202 291 4.55 2.20 7,500 | A
930 222 599 9.36 10.79 36,800 | A
1,090 222 525 8.20 9.15 31,200 | A
FU. - 672 174 334 5.22 6.02 20,500 | A
August.. ...l 222 132 162 2.53 2.92 9,960 | B
September..... ... e 126 1.97 2.20 7,500 | C

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

Location.—At highway bridge on south line of sec. 31, T. 134 N., R. 42 W., about 8
miles north of Fergus Falls; about 5 miles upstream from old station.!

Records available.—October 29, 1913, to September 30, 1914, at present site. May
9, 1904, to October 22, 1913, at old station.!

Drainage area.—1,300 square miles.

Gage.—Standard chain gage, fastened to downstream handrail; read once daily to
quarter-tenths. Limits of use: Hundredths below 2.0, half-tenths between 2.0
and 3.0, and tenths above 3.0 feet.

Channel and control.—Well-defined control about 100 feet below gage; channel
of heavy gravel and rock; practically permanent, except for growth of grass at
control.

Discharge measurements.—Made from the bridge.

Winter flow.—Affected by ice from December to March; estimates made from meas-
ure ments made through the ice, from gage heights, and from climatic data.

Regulation.—Ottertail Lake, about 22 square miles in area, forms a natural reservoir
which regulates the flow of the river to such an extent that the range of stage is
small. On the upper part.of the river are a number of dams used in driving logs
to the sawmill at Frazee, where the lowest dam is built. The next dam below
Frazee is at Maine, several miles below Ottertail Lake, about sec. 35, T. 134 N,
R. 41 W. During the low-water season the closing of the turbine gates at Maine
may have an effect on the flow immediately below the dam. Above the station
the river flows through small lakes which tend to equalize the flow at the station.
Below the station there are a number of power plants, but owing to the fall of the
river their influence is not,observable at the gage.

Accuracy.—Gage-height recorh reliable.

Data not sufficient for estimates of discharge.

1 Published under “ Ottertail River near Fergus Falls, Minn.””
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Discharge measurements of Ottertail River at German Church, near Fergus Falls, Minn.,
during the year ending Sept. 30, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height.{ charge. | Date: Made by— | height. | charge.
Feet. | Sec.ft.
Oct. 22| W. G. Hoyt............ 1.83 350 || Feb. 28
29 | 8. B, Soulé............. 1.90 a340 || May 13
Dec. 29 |..... L4 1 T, 3.37 5376 || June 12
Jan. 29 |..... [ 1 T, 2.80 ¢206 || Sept. 18

o Discharge relation may be slightly affected by grass.

b Partial igce cover at coZtrol. ghtly v

¢ Complete ice cover at control.

d Dlscgarge relation may be affected by backwater from grass at the control.

Daily gage height, in feet, of Ottertail River at German Church, near Fergus Falls, Minn.,
Jor the year ending Sept. 30, 1914.

[D. S. Danielson, observer.)

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.90 | 1.92 1.80 | 2.4 2.3 2.1
1.90 | 1.92 1.80| 2.35| 2.3 2.1
1.90 | 1.92 1.82| 2.35| 2.3 2.1
1.92 | 1.92 1.85 | 2.35| 2.3 2.1
1.90 | 1.92 1.85| 2.35( 2.3 2.1
1.90 | 1.95 1.82| 2.4 2.3 2.1
1.90 | 2.00 1.85| 2.4 2.3 2:1
1.90 | 1.95 1.90 | 2.4 2.3 2.1
1.90 | 1.80 1.92 ( 2.4 2.25 2.1
1.90 | 1.80 1.95 | 2.4 2.2 2.1
1.92| L.75 1.95| 2.4 2.2 2.1
1.92 1 1.80 1.92| 2.35! 2.2 2.05
1.92| 1.8 1.92 | 2.3 2.2 2.2
1.90 | 1.85 1.90 | 2.3 2.2 2.2
1.90 | 1.90 1.90 { 2.3 2.2 2.2
190 2.2 |o..eeoferann.. 3.2 1.50| 1.80| 1.90| 2.3 2.2 - 2.2
1.92 ] 1.85....... 3.2 (ceeennn 1.50 | 1.78 | 2.0 2.3 2.2 2.2
192 1.8 |.oee.]oeiai]iennans 1.60| 1.7871 2.0 2.3 2.2 2.15

. 1.85 2.6 1....... 2.9 1. 1.78 1 2.0 2.3 2.2 2.1
95| 1.95 |..... 3.2 eaenns 1.55 | L.75| 2.0 2.3 2.2 21
2 1.76 ] 2.1 2.3 2.2 2.1

2. 1.75| 2.0 2.3 2.2 2.1

2. 1.75]| 2.05| 2.3 2.25 2.1

2. 1.75] 2.35 | 2.3 2.2 2.1

1.80| 2.35| 2.3 2.2 2.1

1.78 | 2.35| 2.3 2.2 2.1

1.78 | 2.4 2.3 2.2 2.1

1.78 | 2.35| 2.3 2.15 2.1

1.78 | 2.35( 2.3 2.15 2.1

1.78] 2.35| 2.35| 2.1 2.1

1.80 |....... 2.351 2.1 [.......

Nore.—Discharge relation probably affected by ice Dec. 16 and about Dec. 21, 1913, to Mar. 31, 1914.

RED RIVER AT FARGO, N. DAK.

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

Records available.—May 27, 1901, to September 30, 1914.

Drainage area.—6,020 square miles.

Gage.—Vertical staff attached to tree on left bank about 6 rods above dam; datum
about 1 foot below crest of dam. Prior to September 1, 1914, vertical staff attached
to the breakwater for the center pier of the Front Street Bridge; could not be read
accurately without a field glass.
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Channel and control.—Channel consists of clay and silt; slightly shifting. The
dam below the gage forms the control.

Discharge measurements.—Made from the Front Street Bridge or from the North-
ern Pacific Railway bridge; sometimes from a footbridge 8 rods above the dam.

Regulation.—The dam, which is a tight overflow weir without sluices, was built for
the purpose of maintaining a sufficient depth of water for the intake pipe of the
waterworks, and raises the water about 5 feet at lowest stage.

Winter low.—Discharge relation affected by ice from about the middle of November
to the 1st of April; observations discontinued., On account of the comparatively
sluggish current and the fact that the river flows northward into a colder district,
a pronounced backwater caused by ice jams usually occurs at the spring breakup.

Accuracy.—Records good since September 1, 1914; prior to that date only fair,
because of the inaccessibility of gage, resulting small errors in observations, and
changes in rating curve caused by lack of permanence in channel.

Discharge measurements of Red River at Fargo, N. Dak., during the year eading Sept.

30, 1914.
. Gage | Dis- _ Gageg | Dis-
Date. Made by height. | charge. || D&te- Made by height. | charge.
Feet. | Sec.-ft. Feet. | Secft.
Oct. 24 | W. B. Stevenson....... 8.84 508 || July 30 | E. F. Chandler......... a8.96 650
ﬁpr. 13 | Ole Christianson.......] 8.90 610 || Sept. 12 |..... do..... U anennn b8.28 451
ay 23 | E. F. Chandler......... 8.58 579
) a New gage read 3.16 feet. b New gage read 2.84 feet.

NorE.—Gage heights of discharge measurements in the above table refer to the old staff gage at the
Front Street Bridge. :

Dazly gage height, in feet, of Red River at Fargo, N. Dak., for the year ending Sept. 30,
1914. '

[E. H.-Grasse and F. L. Anders, observers.}

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
8.1 8.1 8.4 87| 13.2 8.8 | 14.5 8.6 2.93
8.0 8.2 8.4 |. 8.8 13.7 8.8 14.2 8.5 2.86
7.9 8.4 8.5 |. 9.1] 13.2 9.0] 13.6 8.5 2.86
7.9 8.6 8.6 |. 9.51.12.0] 9.2 ] 12.4 8.6 2.93
8.0 8.8 8.7 9.5 11.2 9.5 12.0 8.6 2.91
8.2 9.2 8.8 9.41 10.5 9.7 11.9 8.6 2.85
8.3 9.0 8.8 |. 9.41 10.21 10.4 | 11.4 8.7 2.87
8.8 8.9 8.6 9.2 10.0 ] 11.1| 11.2 8.7 2.79
9.4 8.8 8.5 1. 9.2 9.9 | 12.4] 10.9 8.6 2.81
9.4| 86| 84/ 9.1| 97| 185| 10.5| 86| 281
9.3 8.4 8.2 9.0 9.6 14.1} 10.1 8.6 2.80
9.3 8.4 8.2 9.0 9.4] 15.9 9.9 8.5 2.83
9.4 8.3 8.0 9.2 9.31 15.9 9.7 8.5 2.83
9.4 8.1 8.0 9.2 9.2 | 14.7 9.5 8.5 2.94
9.3| 80| 82 9.3| o1 141| o4 84| 3.04
9.2 8.2 b T PR PR P 9.1 9.0] 12.8 9.3 8.5 3.12
9.2 8.5 b3 70 PR PR (. 8.9 9.0 12.1 9.3 8.5 3.29
9.1 8.7 £23%: 20 PR RPN R, 8.7 9.0 11.4 9.2 8.6 3.30
9.1 9.0 b3 20 PR SRR I, 87| . 89 ;11. 0 9.2 8.6 3.26
9.0 8.9 8.9 feoviinfonnnand]s 8.7 8.9 | 110.6 9.2 8.5 3.20
8.9 8.9 L3¢ I (RS PR 8.7 8.8 | 110.4 9.1 8.4 3.18
8.8 8.8 8.9 [. .9 8.8 8.7 10.3 9.0 8.3 3.18
8.8 8.6 8.9 .7 8.8 871 10.5 9.0 8.4 3.10
8.6 8.4 1.. . 6 8.7 8.7 | 10.6 8.9 8.5 3.05
8.6 25 2 DRRPOS RN O, 8.6 8.7 8.7 10.9 8.9 8.6 3.06
8.6 8.2 8.5 8.7 8.8 11.4 8.9 8.7 3.05
8.5 8.1 1. 8.3 8.7 8.9 11.8 8.9 8.7 3.02
8.4 8.3 (. 8.1 9.2 89| 13.3 8.8 8.7 3.00
8.2 8.3 8.2 9.3 8.8 14.0 8.8 8.7 2.99
8.2 8.3 8.4| 11.2 8.8 14.3 8.7 8.7 2.97

RS - 5 N IR P 8.6 |..c.... 88 |.euen-. 8.7 8.7 |eeennnn

Nore.—The discharge relation was affected by ice Dec. 6, 1913, to Mar. 21,1914, Gage heights Sept.
1-30, 1914, refer to the new gage.

97825°—wsP 385—15——3



34 SURFACE WATER SUPPLY, 1914, PART V.

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

30, 1914.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. | Sept.
580 | 2,330 | 520
580 | 2,410 | 490 470
640 | 2,180 490 470
700 | 1,740 [ 520
790 | 1, 520 495
852 | 1,570 | 520 465
1,070 | 1,400 | 550 475
1,200 | 1,330 | 550 435
1,740 | 1,230 | 520 445
2,140 | 1,100 | 520 445
2,370 | 976 520 440
3,060 914 490 455
3,060 852 490 455
2,600 790 | 490 511
2,370 | 760 | 461
1,890 730 | 490 607
1,640 | 730 | 490 704
1,400 700 520 710
1,260 K 520 687
1,130 700 490 652
1,070 | 670 | 461 641
1,040 640 433 641
,100 | 640 | 461 596
1,1 610 | 490
,230 610 | 520 574
1,400 | 610 [ 550 560
1 610 | 550
2,070 550 542
580 | 550 537
2,440 | 550 | 550 526
....... 550 | 550 |.......

Nore.—Daily discharge Oct. 1 to Dec. 5, 1913, Mar. 22 to Aug. 31, and SePt. 1-30, 1914, computed from
three well-defined rating curves. Discharge estimated, because of ice, from climatic records, and discharge
of adjacent drainage areas, as follows: Dec. 6-31, 1913, 336 second-feet; Jan. 1-31, 200 second-feet; Feb.
1-28, 140 second-feet; and Mar. 1-21, 250 second-feet.

Monthly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1914.

Discharge in second-feet.
Month. Accu-

NotE.—8ee footnote to table of daily discharge.
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RED RIVER AT GRAND FORKS, N. DAK.

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

Records available.—May 26, 1901, to September 80, 1914; gage-height records kept
by United States Engineer Corps gince 1882, and a few discharge measurements
were made by them in early years.

Drainage area.—25,000 square miles.

Gages.—Staff and chain attached to Northern Pacific Railway bridge; same datum.
As a rule chain gage is read only during periods of exceptionally low water. Gage
of United States Engineer Corps located on bridge breakwater at same place as
staff gage of United States Geological Survey; datum 5 feet higher.

Channel and control.—Clay and silt; shifts-slightly.

Discharge measurements.—Made from Great Northern Railway bridge, about
one-fifth mile above gage.

Regulation.—No dams, other obstructions, or rapids below; channel fairly uniform
for many miles. At Crookston, 25 miles above, on Red Lake River, are nearest
power plant and reservoir affecting flow; about half the water comes from Red
Lake River, but storage at Crookston plant is too small to cause perceptible
fluctuation at gage. On Red River proper and its tributaries above Grand Forks,
no important power plants or reservoirs within a hundred miles.

Winter flow.—River flows under smooth ice from about middle of November to
middle of April; flow usually steady with no sudden fluctuations; since 1905
sufficient discharge measurements have been made each winter to obtain fairly
satisfactory summaries. On account of a gentle current and the fact that the
river flows north into cooler regions the gage reading is usually excessive for a
few days or weeks when ice breaks up in the spring, and flow must be largely
estimated unless daily discharge measurements are made; actual measurements
when river appeared to be open at station have sometimes shown the reading to
be 5 feet greater than would be necessary for same discharge when entire river
is open.

Discharge measurement of Red River at Grand Forks, N. Dak., during the year ending
. Sept. 30, 1914. :

Gage Dis- - Gage | Di
Date. Made by— height. | charge. || Date: Made by height. | charge
Feet. | Sec.-ft. Feet. | Sec.-ft.
Oct. 8 | Stevenson and Powers.| 4.77 819 || Mar. 24 | Ole Christianson....... a8.48 | 1,400
Nov. 29 | A.S. Miller............ 5.47 1,190 |[ Apr. 25 | Burdick and Powers...| 8.30 2,100
Jan. 8 |(..... {4 1 T, a5,.40 665 || June 2| E.F.Chandler......... 7.96 2,350
13 |..... 16 1T a5.55 530 15 |..... L 16.77 7,640
15 ..... [ Lo ab5.54 466 | July 6 |..... [ 10 TR 13.04 5,130
Feb. 27 | Ole Christianson....... a5.38 526 || Aug. 29 | Chandler and Babcock.| 5.74 1,230
Mar. 9 | Stevenson and Chris-
tianson....o.oooo.. a5, 54 530

a River frozen.
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Daily gage height, in feet, of Red River at Grand Forks, N. Dak., for the year ending Sept.
30, 1914.

[H. L. Hayes, observer.]

Mar. | Apr. | May. | June. | July. | Aug. | Sept.

6.02 5.8
6.0 5.6
6.0 5.52
6.05 5.42
6.1 5.38
6.05 5.7
5.95 5.65 .
5.78 5.62
5.7 5.55
5.55 5.75
5.5 5.7
5.5 5.6
5.45 5.5
5.4 5.25
5.3 5.0
5.12 5.3
5.1 5.7
5.0 5.85
7.6 | 4.98 6.05
3 7.6 4.92 6.1
7.6 114.25) 7.6 4.98 6.65
7.92113.15| 7.62| 5.0 6.9
.9 [11.98| 6.9 | 5.55 6.75
7.85 | 11.16 | 6.72| 5.45 6.48
7. 10.6 6.5 5.42| 6.2
7.9 110.2 6.5 5.5 6.1
7.75110.1 6.5 5.5 5.88
7.65 | 10.7 6.5 5.65 5.72
7.68111.25 | 6.42| 5.85 5.6
7.6 |12.75| 6.32| 5.85 5.48
....... 74 |.......|] 6.3 5.85|.......

Norte.—Discharge relation affected by ice Dec. 1, 1913, to Apr. 16, 1914.

Daily discharge, in second-feet, of Red River at Grand Forks, N. Dak., for the year ending
Sept. 30, 1914.

Nov. N . June, | July. | Aug. | Sept.

1,780 | 5,490 | 1,270 | 1,180
1,830 | 6,020 | 1,260 | 1,110

4,010 | 3,080 | 1, 1,160
4,700 | 2,990 | 1,070 | 1,150
6,200 | 2,670 | 1,070 | 1,110
7,680 | 2,420 | 1,050 | 1,070
8,200 | 2,120 | 1,030 [ 980
8,490 | 1,970 890
8,990 | 1,920 998
9,200 | 1,830 | 926 | 1,150
8860 | 1,690 | 890 | 1,200
7,570 | 1,950 | 883 | 1,280
6,810 [ 1,950 [ 862 | 1,300
6,160 | 1,950 [ 883 | 1,520
5,380 [ 1,960 | 90 | 1,630
4,500 | 1,630 | 1,090 | 1,560
4,040 | 1,550 [ 1,050 | 1,450
3,680 | 1,460 | 1,040 | 1,340
3,430 | 1,460 | 1,070 | 1,200
7360 | 1,460 [ 1,070 | 1,210
3,750 | 1,460 | 1,130 | 1,150
4,100 | 1,430 [ 1,200 1,110
5,110 | 1,390 | 1,200 | 1,060
....... 1,380 [ 1,200 |......

NoTtE.—Daily dischar%e computed from a well-defined rating curve. Discharge estimated, because of
ice, from gage heights, observer’s notes, discharge measurements, and climatic records, as follows: Dec.
1-31, 1913, 793 second-feet; Jan. 1-31, 509 second-feet; Feb. 1-28, 428 second-feet; Mar. 1-31, 911 second-feat
and Apr. 1-16, 3,100 second-feet.
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Monthly discharge of Red River at Grand Forks, N. Dak., for the year ending Sept. 30, 1914.

Discharge in second-feet. Ac-

Month. cu-

! Maximum. | Minimum. | Mean. Sf
OCUODR ..o J .................... 1,420 54| 1,050 | A.
NOVember. .. oot e 1, 3! 1,140 | B.
December. . ...oieiiiiiiiiii i i 793 | C.
January. 509 | C.
February 428 | C.
arch. 911 | C.
April. . 2,990 | C.
ay.. 2,560 | B.
0«7 S S 4,820 | B.
July.... 6,450 1,380 2,840 | B.
August. ... 1,300 862 1, B.
September. ..... e 1,630 . 890 1,180 | B.

B (T N R 9,200 [-ceeoennnnn. 1,690

Nore.—See footnote to table of daily discharge.
WILD RICE RIVER AT TWIN VALLEY, MINN.

Location.—At highway bridge at Twin Valley, 2 miles above nearest tributary which
enters at Heiberg.

Records available.—June 30, 1909, to September 30, 1914.

Drainage area.—805 square miles.

Gage.—Vertical staff read daily, morning and evening, to half-tenths. Limits of
use: Hundredths below 5.0, half-tenths from 5.0 to 6.5, and tenths above 6.5 feet.

Channel and control.—Practically permanent; river overflows at a stage of 12 feet
on the gage, and covers an area several hundred feet wide.

Discharge measurements.—Made from the bridge except at extreme low stages,
when they are made at a wading section.

Floods.—An exceptionally severe flood occurred in July, 1909, which overflowed the
lower part of the valley and wrecked the power dam at Faith by cutting around
the end and greatly increasing the width of the channel. The maximum stage
of the flood at Twin Valley was 20 feet and the discharge about 9,200 second-feet.

Regulation.—Discharge affected by storage created by the dams at lower end of
Lower Rice Lake and at the outlet of Twin Lakes. Highest point affected by
backwater from dam at Heiberg is more than a mile below Twin Valley.

Discharge measurements of Wild Rice River at Twin Vailley, Minn., during the year ending
Sept. 80, 1914. "

Gage Dis- Gage | Dis-
Date. Made by— height.| charge. Date. Made by— height. | charge.
Feet. | Sec.-ft. Feet. | SecHft.
Dec. 27 | Ole Christianson....... 5.20| a15.5 | May 24 | W. B. Stevenson....... 5.31 126
Feb. 9 |..... L6 7 R 6.0 al4.4 (| July 11| E.F.Chandler......... 6.41 352
Mar. 11 |..... Lo (s YN 6.28| a23.4 12 ]..... Lo Lo 6.32 340
Apr. 19 | W, B. Stevenson....... 6.13 170 Aug. 25 |..... 1 1) Y 5.59 203

@ River frozen over.
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Sept. 80, 1914.

Daily gage height, in feet, of Wild Rice River at Twin Valley, Minn., for the year ending
[Axel Johnson, observer.]

July. | Aug. | Sept.

May. | June.

Apr.

1913 to Apr. 12, 1914, and by backwater from

Jan. | Feb. | Mar.

Dec.

Nov.

Oct.

Day.

23..

1914. On Mar. 31, the ice wasreported to be breaking up.

Note.—Discharge relation affected by ice about Dec. 11

logs about Oct. 1 to Dec. 10, 1913, and Apr. 13-24,




HUDSON BAY DRAINAGE AREA IN THE UNITED STATES. 39

Daily discharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the year
ending Sept. 30, 1914.

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

37 464 | 215 717| 176 82
31 434 226| 678] 176 82
37 434 | 215| 678 1 82
37 434| 226| 601| 140 106
37 405| 303| 530| 140 167
75 405 | 434 464| 140 195
86 405 | 464 | 434 140 195
98 405 | 530| 405 123 195
75 258 11,040 [ 378 | 106 167
64 215 (1,080 | 352 | 106 140
64 176 | 1,080 | 352 | 106 140
64 149 | 1,080 | 352 | 106 149
64 132 | 1,040 | 327 | 106 158
64 123 | 1,040 | 327 | 106 158
64 123 | 955 292 98 158
54 106 | 85| 280 90 158
45 158 | 530 | 258 90 149
45 90| 464 258 98 140
35 114 | 405| 236| 106 140
7 132 | 405 215| 106 132

195 |....... 195 90 |-......

NoTE.—About July 28, 1913, log driving was attemgte;d, and, on account of the low stage, logs lodged
along the channel, causing backwater at the gage. The logs remained in the channel until Apr. 24, 1914.
Daily discharge Oct. 1 to Dec. 10, 1913, and Apr. 12-24, 1914, computed from a fairmell defined rating
curve based on five discharge measurements made during these periods. Daily discharge, Apr. 25 to
SeBt. 30, 1914, computed from a fairly well defined rating curve.

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows:

Dec. 11-31, 1913, 40 second-feet; Jan. 1-15, 1914, 18 second-feet; Jan. 16-31, 24 second-feet; Feb. 1-15,
llgoseeon(gf?eté Feb. 16-28, 13 second-feet; Mar. 1-15, 27 second-feet; Mar. 16-31, 46 second-feet; Apr. 1-12,

second-feet.

Monthly discharge of Wild Rice River at Twin Valley, Minn., for the year ending Sept. 30,
1914.

Discharge in second-feet.
Month. ‘:a%cyu:
Maximum. | Minimum. | Mean.

57.2 | B.
75.6 | B.
54.0 | C.
21 D.
14 C.
37 C.
252 C.
211 C.
546 B.
337 A,
119 C.
B.
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RED LAKE RIVER AT THIEF RIVER FALLS, MINN.

Location.—One-third mile below the dam at Thief River Falls, and a mile or more
below the mouth of Thief River. )

Records available.—July 2, 1909, to September 30, 1914.

Drainage area.—3,430 square miles.

Gage.—Inclined staff; read daily, morning and evening, to half-tenths. Limits of
use: Hundredths below 4.0, half-tenths from 4.0 to 5.0, and tenths above 5.0 feet.

Channel and control.—Control changed temporarily by log jams that form below;
channel practically permanent.

Discharge measurements.—Made from a car and cable at the gage.

Winter flow.—River frozen over from latter part of November to first of April; dis-
charge measurements made through the ice to determine flow.

Regulation.—A short distance above the station is the dam used by the Hansen &
Barzen Milling Co. and the city lighting plant. The fluctuating loads on the
turbines, produced by the operation of the lighting plant at night and of the mill
chiefly during the day time, cause fluctuations in the river stage below the dam.

A ccuracy.—Records only fair; logs floated down river may jam below the station and
cause backwater. Conditions at station have not been satlsfactory, but logging
below the gage has now been discontinued.

Discharge measurements of Red Lake River at Thief River Falls, Minn., during the year
ending Sept. 30, 1914.

- Gage Dis- - Gage | Dis-

Date. Made by- height. | charge. Date. Made by height. | charge.

Feet. | Sec.ft Sec.ft.

Oct. 22 | W. B. Stevenson....... 3.41 62 || May 23 4 684

Jan. 1| Ole Christianson....... 4,42 a 157 || June 12 974

Feb. 11 - a270 || July 10 472

Mar. 13 a 240 || Aug. 27 302
Apr. 23

a River frozen.
Daily gage height, in feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 30, 1914.
[C. P. Quist and H. W. Hoard, observers.}

Day. Oct. [ Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.92( 3.90| 3.95| 4.4 |.......]eeeenel 5.9 4,55 | 4.9 4.9 4.05 4.45
3.95| 3.75| 3.98 |. .| 6.1 4,65 | 4.8 4.7 4.25 4.15
3.95( 4.25| 4.2 |. 6.3 4.45 | 4.9 4,65 | 4.05 4.25
3.80 | 4.3 4.3 |. 6.0 4.6 4.9 4,55 | 4.25 4.15
3.70 | 4.25| 4.1 |. 6.0 4.75| 4.95| 4.45| 4.0 4.15
4.1 4.2 | 4.15 56 | 47| 5.0 4,75 4.1 4.15
4.05| 4.2 3.25 5.6 4.7 5.2 4.7 4.05 4.1
4.2 4.3 3.25 |. 5.0 4,75 | 5.2 4.8 3.92 4,35
4.3 3.80 | 3.20 4.95| 4.75| 5.3 4.65 | 4.15 4,15
4.1 4.0 4.1 |. 5.1 4.7 6.2 4.5 4.0 4.25
4,05 | 415| 4.0 |. 5.7 4.75( 6.2 4.7 3.94 4.3
3.88 | 4.0 3.70 5.8 4.7 6.0 4.45| 3.97 4.3
3.95| 3.95| 3.75 4.9 4.5 5.6 4.55 | 3.97 4.35
4.2 3.90| 3.65 51 1 4.4 5.3 4.3 4.05 4,35
4.1 4.25| 4.1 5.5 4.55 | 5.2 4.6 4.15 4.3
4.35] 3.90; 3.90 5.3 4,45 4.8 4,351 4.05 4.25
4.15| 3.90| 3.8 5.5 4.4 5.2 4.4 4.0 4.25
4.2 3.85 | 3.90 5.0 4.55| 4.8 4.2 3.92 4.45
3.65( 3.90| 3.70 5.6 4,45 | 4.6 4.4 3.90 4.45
4,15| 3.80| 3.90 4.9 4.65 | 4.5 4,35 | 3.77 4.4
4.1 4.05 | 3.70 5.0 5.1 4.75| 4.35| .3.87 4.45
3.60 | 4.1 3.75 4.8 5.3 4.8 4.15| 3.94 4.4
4.1 3.95| 3.75 4.7 5.2 4.8 4.2 3.77 4.45
4.1 4.05| 3.70 4,65 5.1 4.451 4.2 4.4 4.45
4.2 4.0 3.70 4.6 5.1 4.55 | 4.2 4.25 4.45
3.75| 4.15| 3.75 4.25( 4.9 4.6 3.94| 4.35 4.45
4.2 4.05| 3.65 4.35| 5.0 4.55| 4.0 4.3 4.4
4.2 4.05| 3.55 4.45] 5.0 4.6 4.1 4.35 4.45
4.2 3.95] 4.4 4.4 5.1 4.7 415 | 4.35 4.3
4.0 3.95| 3.8 4.55| 5.2 4.75| 4.05| 4.15 4.2
4,05 |....... 3.80 feeeecifecanis] 8.0 f.c..... 4.9 |....... 4.25 | 4.45|.......

NotEe.—Discharge relation affected by ice about Oct. 19-23, 1913, and Dec. 1, 1913, to Apr. 19, 1914.
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Daily discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 30, 1914.

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

375 515 515 212 340
412 472 431 274 242
340 515 412 212 274
393 515 375 274 242

Norte.—Daily discharge computed from a rating curve fairly well defined between 47 and 2,960 second-
feet (gage heights, 3.3 and 8.5 feet). Daily discharge, Oct. 19-23, 1913, estimated because of ice.

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows:

Dec. 1-15, 140 second-feet; Dec. 16-31, 83 second-feet; Jan. 1-15, 140 second-feet; Jan. 16-31, 110 second-
feet; Feb. 1-15, 100 second-feet; Feb. 16-28, 105 second-feet; Mar. 1-15, 220 second-feet; Mar. 16-31, 210
second-feet; and Apr. 1-19, 490 second-feet.

Monthly discharge of Red Lake River at Thief River Falls, Minn., for the year ending Sept.
30, 1914.

Discharge in second-feet.

Month. cu-
Maximum. | Minimum. | Mean.

&
S
BEEEEOQQ0OWE
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REP LAKE RIVER AT CROOKSTON, MINN.

Location.—At new Sampson’s addition highway bridge in Crookston, Minn., less
than one-fourth mile below the dam and power house of the Crookston Water-
works, Power & Light Co.; no tributaries within several miles.

Records available.—May 19, 1901, to September 30, 1914.

Drainage area.—b5,320 square miles.

Gage.—Automatic gage installed in.September, 1911, replacing chain gage which
was attached to the new Sampson’s addition bridge July 1, 1909. Chain gage
was set to read the same as the original gage, which was fastened to the bridge 20
rods above;, A vertical staff near the automatic reads to the same datum as the
gages previously used. Limits of use: Hundredths below 4.5, half-tenths 4.5 to
7.0, and tenths above 7.0 feet. 4

Channel and control.—Changes slightly from year to year.

Discharge measurements.—Made from new bridge.

Winter flow.—Discharge relation affected by ice. Estimates are based on discharge
measurements, gage heights, and climatic records.

Regulation.—Operation of power plaut causes fluctuations in the water surface.

Accuracy.—Automatic gage should give good results.

Discharge measurements of Red Lake River at Crookston, Minn., durmg the year endmg
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by— heizit. charge. || Dste- Made by— height. | charge.
Feet. | Sec.ft.
May 16 5.28 1,
June 8 5.48 1,240
July 11 5.48| 1,280
Aug. 25 3.37
a Small quantity of moss on river bed. b Complete ice cover.
Daily gage height, in feet, of Red Lake River at Crookston, Minn., for the year ending Sept.
30, 1914.
[J. A. Wallace, observer.] -
Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.23| 3.44( 3.50| 3.50 | 4.35] 3.8 | 525 4.7 5.8 6.0 3.7 3.7
3.18| 3.66 | 3.48| 3.74| 4.02| 3.84| 595| 4.9 5.6 6.2 3.61 3.70
3.35| 3.42| 3.22| 3.56| 3.97{ 4.32| 6.75 5.06| 5.95| 3.55 3.8
3.39 | 3.52| 3.32| 3.46| 403 417| 7.2 5.35] 6.0 3.48 3.8
3.52| 3.54| 3.38) 3.62| 4.11| 455| 7.3 5.15| 5.95| 3.40 3.80 .
3.47| 3.48| 3.08| 3.64| 3.99| 424 7.0 5.25| 5.85| 3.52 3.90
3.42| 3.48| 3.25| 3.77( 416 | 4.16| 6.8 5.25| 5.95) 3.54 3.90
3.64) 3.74| 3.10| 3.74| 4.35] 4.47| 6.4 6.5 5.6 3.53 3.80
3.64| 3.42| 3.14| 3.68| 400| 3.94| 6.0 | 525 |....... 5.35| 3.30 3.95
3.82| 310 3.18| 3.79| 3.85| 4.36| 5.65| 50 |....... 5.15| 3.36 3.80
8.94| 3.04| 3.02| 3.84| 3.75| 4.42| 56 7.0 5.25| 3.33 3.85
3.7 | 3.30 | 2.95| 3.74 |....... 4.38 | 5.15 7.3 5.05 | 3.41 3.80
3.46) 3.28) 2.76 ) 3.68 |..cccccfeunnnn. 5.2 4.8 7.3 5.06| 3.39 3.55
3.48| 3.26 | 3.28 | 3.57 |... .l 505| 50 7.1 4.95| 3.35 3.85
3.521 3.36| 3.28] 3.76 ... | 6.25] 4.7 6.55| 4.55| 3.40 3.9
........ 3.40 | 2.05| 3.59 |... eeeee.] 5.8 4.9 6.4 4.6 3.31 3.9
....... 3.62| 3.20| 3.38 |... 5.25) 6.25| 4.2 5.9 4.551 3.35 3.90
3.84 | 3.50| 3.08( 3.85|......- 5.25) 6.35| 4.8 5.9 4.6 3.47 3.60
3.68| 3.60| 3.10| 3.96| 4.20| 5.2 5.75| 4.1 5.65| 4.5 3.4 3.85
3.72| 3.25| 3.18| 4.02| 420 535 5.6 AT 5.5 4.75| 3.43 3.55
3.26 | 3.30 | 3.15| 4.33| 404 5.6 5.5 4.95] 5.45| 4.55 | 3.42 4.00
3.47| 3.42| 3.08) 3.98| 4.40]| 52 5.4 5.5 5.5 4.7 3.48 3.9
3.56| 3.28] 3.30| 4.14| 402 505| 5.4 5.8 | 5.4 4.85| 3.35 3.95
3.47) 3.20) 3.18 |....... 4.34] 4.65| 515 6.1 5.5 4.6 3.50 4.00
........ 3.30| 3.56| 3.90| 4.12| 49 4.75| 6.05| 5.4 4,48 | 3.30 3.90
3.50| 3.22| 3.15| 403 | 435| 4.8 | 465 5.9 5.05| 4.01 | 3.50 4.00
3.72) 3.50| 3.18] 3.88] 4.26| 4.7 4.8 | 555| 6.55| 408! 3.65 3.85
3.72) 3.40| 2.72| 400| 401 | 4.46| 445| 5.35| 5.45| 419 | 3.63 3.95
3.081°3.32| 2.96| 4 4.7 439 5.4 5.55| 4.24| 3.77 3.90
3.17| 3.42| 3.11 4.6 4.6 5.6 5.8 3.61| 3.93 3.70
3.28 |....... 3.35 4.65 |....... 5.8 [eenee ..| 3.54| 3.63|.......

Nore.—Discharge relation affected by ice about Dec. 11, 1913, to Apr. 9, 1914,
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Daily discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year ending
Sept. 30, 1914.

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

1,470 | 1,610 | 421 517
1,340 | 1,750 | 381 | 490
990 | 1,580 | 362| 559
1,170 | 1,620 | 339 | 536
1,040 [ 1,580 | 313| 536

1,100 (1,520 | 358 | 583
1,100 | 1,580 | 369 | 583
1,250 | 1,360 | 369 | 536
90 |¢1,600 | 1,200 | 289 | 606

21,960 | 1,080 | 310 | 531

a Interpolated.

Nore.—Daily discharge determined as follows: Oct. 1 to Dec. 10, 1913, from a fairly well defined rating
curve; Apr. 10 to Sept. 30, 1914, by the indirect method for shifting channels.

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 11-31, 160 second-feet; TJan. 1-15, 180 second-feet; Jan. 16-31, 225 second-
fest; Feb. 1-15, 190 second-feet; Feb. 16-28, 220 second-feet; Mar. 1-15, 300 second-feet; Mar. 16-31, 600
second-feet; and Apr. 1-9, 1,770 second-feet.

Monthly discharge of Red Lake River at Crookston, Minn., for the year ending Sept. 30,

1914.
Discharge in second-feet.
Month. ‘:ac:;}'

Maximum. | Minimum. | Mean.
L7 S 473 166 310 | B.
November 389 - 155 264 | B,
December. Lee . 180 | C.
January. 203 | D.
February 204 | D.
ch 455 | D.
April 1,390 | C.
ay. 1,080 | B.
June 1,500 | B.
July.. 1,000 | B,
August... 376 | B.
September. . 548 | B,

..................................................................... 626
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THIEF RIVER NEAR THIEF RIVER FALLS, MINN.

Location.—In sec. 8, T. 154 N., R. 43 W., at the Drybrooke ford, 6 miles north of
Thief River Falls. Nearest tnbutary outlet of Mud Lake, whieh enters in the
northeastern part of T. 156 N., R. 42 W.

Records available.—July 1, 1909 to September 30, 1914.

Drainage area.—1,010 square miles.

Gage.—Inclined staff installed September 4, 1913, to replace old inclined staff, which
was set at incorrect datum; read daily, morning and evening, to quarter-tenths.
Limits of use: Hundredths below 5.5, half-tenths from 5.5 to 6.5, and tenths
above 6.5 feet. See Water-Supply Paper 325 for history of old gage. Allgage
heights in the following tables refer to original gage datum.

Channel and control.—Practically permanent.

Discharge measurements.—Made from highway bridge a short distance below
gage.

Winter flow.—Discharge measurements made through the ice to determine winter
flow.

Regulation.—Dam at Thief River Falls, at the mouth of Thief River, backs up the
water in Thief River for several miles, but station is protected by rapids below
from influence of dam. During 1910 and 1911 drainage work has been carried on
extensively in Thief River basin, and the effect will be to modify the regimen of
theriver. The extremely low flow of 1910 and 1911 was due partly to the holding
back of the run-off by temporary dams for use of the floating dredges above the
station.

Accuracy.—See remarks under ‘““Gage.”

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1914

_ Gage | Dis- P e | Dis-
Date. Made by- height. | charge. Date. Made by- height. | charge.
Feet. | Secft. Feet. | Secft.
Apr. 22 | L. W. Burdick......... 5.41 204 || July 10 | E. F. Chandler......... 4.99 88
June 13 | W. B. Stevenson....... 5.89 326 || Aug. 27 |..... L [ 4.79 a52

& Measurement made by wading.
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Daily gage height, in feet, of Thief River near Thief River Falls, Minn., for the year ending

Sept. 80, 1914.
[H. J. Maland and T. H. Risteigen, observers.]

Day. Oct. | Nov. | Dec.

Mar.

Apr.

Sept.

4.40
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4.52

N
&

P i R R R R R R Ry

58888 BHBEL BHEBE 8BRS SRELL B

BRI R

PRADN N e
BRIV ¥SIBB L2IIX kIXRE

Bt g TOTOTETOY

am.&»—twl\? »gmaq
28R8R BRRRE RRSER HERE® ¥

B R R R R R IO R SrinoTens

OO GT O

GIOOIOIONOT ErErEnOTon Gub i A i
GU

4.49

o

i
BB2VBR RIKRS &S

B

FRBRR PRIRB IBIRE INIBZ BRIAISKB BIRRY

BRI R R R R R R R R R R R R R

Nore.—Discharge relation affected by ice about Dec. 5, 1913, to Apr. 11, 1914,

Daily discharge, in second-feet, of Thief River near Thief River Falls,
ending Sept. 30, 1914.

Minn., for the year

Sept.

SANBE FBN3

0
.
.
.
.

58

Norte.—Daily discharge computed from a rating curve fairly well defined below 1,700 second-feet (gage
height, 10.0 feet). Discharge estimated because of ice, from observer’s notes and climatic records as fol-
lows: Dec. 6-31, 14 second-feet; Jan. 1-15, 9 second feet; Jan. 16-31, 2 second-feet; Feh. 1-28, 1 second-
foot; Mar. 1-31, 3 second-feet; and Apr. 1-11, 75 second-feet.
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Monthly discharge of Thief River near Thief River Falls, Minn. ,far the year ending Sept.
30, 1914.

[Drainage area, 1,010 square miles.]a

Discharge in second-feet.

Month., Accu-
. . racy.

Maximum. | Minimum. | Mean.

L1 74) T S 73 1 21.3

o

8
| w
Prrrro

56.1

a “Seoond feet per square mile” and “Run-off (depth in inches’) are not published because such esti-
tes would be misleading on account of the large amount of swamp and recently drained land in the
basm of Thief River.

CLEARWATER RIVER AT RED LAKE FALLS, MINN.

Location.—At Great Northern Railway bridge at Red Lake Falls, Minn., about 1%
miles above mouth of river and 2 miles below nearest tributary.

Records available.—June 18, 1909, to September 30, 1914.

Drainage area.—1,310 square miles.

Gage.—Vertical staff installed September 12, 1911, about half a mile downstream
from original gage; set to read 2.23 feet when original gage read 5.83 feet; read
daily, morning and evening, to tenths. Limits of use: Half-tenths below and
tenths above 4.5 feet. Staff was placed on account of the building of a dam
which causes several feet of backwater at the original section.

Channel and control.—Practically permanent.

Discharge measurements.—Made from the railroad bridge or by wading.

Winter flow.—River usually frozen over from middle of November to first of April.
Discharge measurements made through the ice.

Regulation.—At low stage the flow is affected by the Steinert mill 40 rods above
gage, but as the storage is small only slight fluctuation in stage is caused.

Accuracy.—Daily discharge for September and October, 1911, as published in Water-
Supply Paper 305, is too large, as indicated by the discharge measurement made
on September 13, 1911. Daily discharge for this period as published in the
following tables is more accurate.

Discharge measurements of Clearwater River at Red Lake Falls, Minn., during the year
ending Sept. 30, 1914.

Gage | Dis- _ Gage | Dis-
Date. Made by— heiZ%t. charge. || Date- Made by hejgit. charge.
Feet. | Sec.ft. Feet. | Sec.ft.
Oct. 21 | W. B, Stevenson........ 2.37 | 0 89.4 || Apr.22 3.44 485
Jan. 2 | Ole Christianson........ 2.41 | b42.3 ay 11 3.56 532
Feb. 7 | 475 | v83.9 || July 22 3.43 420
Mar. 5.13 | b57.9 22 3.41° 460
Apr. 3.52 | 515 || Aug.28 2.77 187

@ Ice along shores of river. b River frozen over.
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t Red Lake Falls, Minn., for the year end
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Note.—Discharge relation affected by ice about Oct. 19-23, 1913, and Dec. 1, 1913, to Apr. 17, 1914,
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Daily discharge, tn second-feet, of Clearwater River at Red Lake Falls, Minn., for the year
ending Sept. 30, 1914.

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

400 612 | 1,120 307 229
400 584 | 1,080 266 229
400 556 895 247 229

376 | 1,000 556 1 196
352 965 556 167 196
330 860 584 167 196
352 860 556 167 196
400 476 131 196
700 795 450 1 196

795 0 196 196
730 895 376 196 196
K 930 330 196 196

196
670 |....... 330 212 |.......

NoTE.—Daily discharge determined as follows: Oct. 1 to Nov. 30, 1913, and Apr. 18 to Sept. 30, 1914, from

two wgl-éle{ined rating curves; Oct. 19-23, 1913, estimated on account of ice, from discharge measurement
made Oct. 21. .

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and -
climatie records, as follows: Dec. 1-15, 76 second-feet; Dec. 16-31, 54 second-feet; Jan. 1-15, 50 second-feet;
Jan. 16-31, 60 second-feet; Feb. 1-15, 75 second-feet; Feb. 16-28, 68 second-feet; Mar. 1-15, 60 second-feet;
Mar. 16-31, 90 second-feet; and Apr. 1-17, 200 second-feet.

Monithly discharge of Clearwater River at Red Lake Falls, Minn., for the year ending Sept.
30, 1914.

[Drainage area, 1,310 square miles.].a

Discharge in second-feet.
Month. Evy
Maximum. | Minimum, | Mean.

q
ot
g g gdgiisicisicige

@ Because of the large amount of swamp land, some of which is being drained artificially, in the area above
this station estimates of ‘‘run-off in second-feet per square mile’’ and “‘run-off (depth in inches on drainage
area)’” would be misleading if computed from tﬁis drainage area,
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SOUTH BRANCH OF TWO RIVERS AT HALLOCK, MINN.

Location.—In sec. 12, T. 161 N., R. 49 W., at private wagon bridge on farm of W. P.
Willadson, half a mile north of Hallock; 1 mile below the confluence of the
Middle Branch with the South Branch.

Records available.—April 29, 1911, to September 30, 1914.

Drainage area.—776 square miles.

Gage.—Vertical staff; read morning and afternoon to tenths; occasional readings
taken to half-tenths. Limits of use: Hundredths below 2.5, hali-tenths from
2.5 to 4.0, and tenths above 4.0 feet. :

Channel and control.—Control, which is an abandoned loose-rock dam 4 feet high,
a mile or more below the station, is probably permanent, The dam was for-
merly used to raise the water level for a railroad water tank.

Discharge measurements.—Made from the bridge.

Winter flow.—From November to April river is frozen over; readings discontinued.

Discharge measurements of South Branch of Two Rivers at Hallock, Minn., during the
year ending Sept. 30, 1914.

Date. Made by— ke | i, | Date. Made by— Horke | s,
Feet. | Sec.ft. Feet. | Sect.

Dec. 31 | Ole Christianson....... 2.20 6¢0.2 || July 9| E. F. Chandler......... 1.96 23.5
Apr. 18 | W. B. Stevenson....... 4.33 163 Aug. 26 |..... [+ L T, 1.53 9.1

e Complete ice cover; discharge estimated.
Daily gage height, in feet, of South Branch of Two Riwers at Hallock, Minn., for the year
ending Sept. 30, 1914.
[W. P. Willadson, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
1.98 | 1.42 48| 3.35]1 2.6 2.4 L5 1.65
1.78 ¢ 1.52 48] 3.2 2.5 2.35 | 1.45 1.65
1.65| 1.6 4.5| 3.2 2.4 2.32( 1.45 1.65
.55 L7 |. 5.9 3.15( 2.351 2.2 1.4 1.65
L5 1.75 |. 77| 3.15| 2.35{ 2.2 1.35 1.62
1.5 1.78 |. 8.2 3.25| 235 212 1.32 1.6
L5 1.78 }. 7.7 3.7 | 2.4 2.35 | 1.25 1.55
15 1.7 ). 6.8 4.3 2.4 145 L2 L5
1.5 1.7 |. 6.0| 43 | 2.55| 1.9 1.2 L5
1.62| 1.75 57| 4.0 | 2.55| 1.9 1.2 1.45
2.0 | 172 ceieiifiienni]oineni]oaanens 56| 3.6 2.7 19 1.2 1.4
2.28| 1.7 3.3 55| 3.3 3.0 | 1.9 115 1.4
2.15] 1.7 3.05| 56| 30 | 2.8 1.9 11 1.4
2.0 1.7 3.1 541 2.95] 2.8 1.9 1.1 1.4
.92} L7 3.0 5.4 2.95( 2.6 1.8 | L1 1.4
19 L7 3.4 541 2.8 | 255] 1.8 | L1 1.4
1.9 1.75 3.5 4.4] 2.8 | 2.5 1.85] 1.1 1.45
L9 1.75 3.45 4.2) 2.7 } 2.5 1.8 1.15 L5
19 L7 3.6 4.5 2.6 2.55| 1.75| 1.2 1.5
.82 1.8 3.1 4.21 2.6 | 2.55| 1.7 1.2 1.52
1.85| L8 |. 3.0 4.2 2.6 2.55| 1.85| 1.25 1.77
1.981 L8 |. 2.8 . 4.8 2.6 2551 1.8 | 13 1.82
1.88 | 1.8 2.75 56| 2.8 2.55| 1.8 1.35 1.75
1.8 1.85 |. 2.9 6.4 2.7 2.5 1.75) 1.38 1.75
1.8 L9 |. 3.15 59| 2.55| 2.45| 1.7 L5 L7
1.8 | 2.35]. 3.05 49| 2.55| 2.42| 1.7 L5 1.7
1.8 | 2.4 3.05 4.4 2.45( 2.5 1.65( 1.5 1.65
1.78 2.8 |. 3.05 4.0| 2.4 2.481 1.65| 1.5 1.65
1.6 2.2 3.05 3.8 2.6 | 2.4 1.58 [ 1.55 1.65
1.5 2.2 3.4 3.6 2.7 2.351 1.5 1.6 1.65
1.4 |....... 3.8 [ceenens 2,48 {....... 1.5 1.65 |.......

NotE.—Discharge relation affected by ice about Nov. 23, 1913, to Apr. 15, 1914.
97825°—wsPp 885—15——4



50 SURFACE WATER SUPPLY, 1914, PART V.

Daily discharge, in second-feet, of South Branch of Two Rivers at Hallock, Minn., for the
year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. { May. | June. | July. | Aug. | Sept.
18 1.4 56 46 8 12
11 3.6 51 43 6 12
7.5 6.0 46 42 6 12
4.5 9.0 43 36 5 12
3.0 10 43 36 4 12
3.0 11 43 32 3 11
3.0 11 46 43 2 9
3.0 9.0 |. 46 48 1 8
3.0 9.0 |. 53 22 1 8
6.6 | 10 53 22 1 6

9.6 62 22 1 5
9.0 |. 22 7 5
9.0 . 71 22 .4 5
9.0 68 22 .4 5
9.0 56 20 .4 5
9.0 1. 53 20 .4 5
51 20 .4 6

51 18 .7 8

53 16 1 8

53 14 1 9

53 20 2 17

53 20 3 19

53 18 4 16

51 16 5 16

48 14 8 14

53 47 14 8 14

48 46 12 8 12

46 50 12 8 12

46 10] 10 12

62 43 81 11 12

....... 8112 J.......

Nore.—Daily discharge determined as follows: Oct. 1 to Nov. 22, 1913, and Apr. 16-24, 1914, from a
fairly well-defined rating curve; Abpr. 25 to Sept. 30, 1914, from a rating curve well defined between 8 and
1,140 second-feet (%%e heights, 1.5 and 14 feet); Nov. 23-30, 1913, and Mar. 12 to Apr. 15, 1914, estimated
because of ice, by Prof. E. F. Chandler, from daily gage height and climatie records, and Dee. 1, 1913, to
Mar. 11, 1914, from climatic records, one discharge measurement made on Dec. 31, 1913, discharge of adja-
cent drainage areas, and observer’s reports on marked variation in discharge, as follows: Nov. 23-30, 8
second-feet; Dec. 1-15, 4 second-feet; Dec. 16-31, 1 second-foot; Jan. 1-31, 0.2 second-foot; Feb. 1-28, 0.1
second-foot; Mar. 1-15, 0.5 second-foot; Mar. 16-31, 2.6 second-feet; and Apr. 1-15, 133 second-feet.

These estimates are based on less complete data than estimates at most stations in this report and rep-
resent only the best available figures. ’

Monthly discharge of South Branch of Two Rivers at Hallock, Minn., for the year ending
Sept. 80, 1914.

Discharge in second-feet.
Month. Amuracy':
Maximum. | Minimum. | - Mean. )
11.6 | B.
8.82 1| C.
2.5 | D.
.2
.1
1.6 .| D.
170 C.
83.4 | A,
52.3 | A,
2.2 | A,
3.95 | B.
10.2 | B.
30.5 -
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PEMBINA RIVER AT NECHE, N. DAK.

Location.—At highway bridge 20 rods east of Great Northern Railway bridge two-
thirds of a mile north of Neche, N. Dak.

Records available.—April 29, 1903, to September 30, 1914.

Drainage area.—2,940 square miles.

Gage.—Vertical staff bolted to the concrete abutment at the north end of the railway
bridge. At low stages this gage is sometimes not reached by the water, and
readings aré then made on sections of vertical staff attached to the abutment and
piling at the n£'th end of the highway bridge.

Channel and control.—Channel consists of clay and silt; slightly shifting. A loose
rock dam abou{t one-third mile below gage forms the control (see remarks under
‘“Regulation”)

Discharge measurements. -—Made from the highway bridge; at very low stages
made by wading at some section below the Great Northern dam.

Winter flow.—The ordinary winter discharge is less than the leakage through the
loose-rock dam, and estimates can not be made from gage observations without
numerous discharge measurements.

Regulation.—The water is raised at low stages from 1 to 2 feet at the gage by a loose-
rock dam about 3 feet high one-third mile below, constructed to give sufficient
depth of water for the intake of the Great Northern Railway water tank. There
is considerable leakage through the dam, but no permanent determination of the
effect of the dam can be made because it is liable 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.—Records only fair on account of the varying effect of the dam at low
stages in different years.

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

‘ 30, 1914.
Gage Dis- Gage | Dis-
Date. Made b%_ height. | charge. || D&te: Made by— height. | charge.
Feet. | Sec.-ft. Feet. | Sec.-ft.
-Apr. 22 | L. T. Powers.:e.c...... 4,58 338 || July 7 | E.F. Chandler......... 3.11 63
23 |..... do. ceeen---| 460 349 || Sept. 1 |..... L6 10 2.48 12.3
July 7| E.F. Chandler ........ 3.09 55
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Daily gage height, in feet, of Pembina River at Neche, N. Dak., for the year ending Sept.
30, 1914.
[P. J. Horgan, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.8 3.0 4.1 3.8 3.3 2.7 2.5
2.8 4.0....... 3.8 3.3 2.7 2.5
2.8 5.0 4.2 3.8 3.3 2.7 2.6
2.8 .0 4.3 3.8 3.3 2.7 2.6
2.8 5.4 4.3 3.8 3.3 2.6 2.7
2.8 5.4 4.3 3.8 3.3 2.6 2.7
2.7 5.2 4.3 3.8 3.3 2.5 2.7
2.7 5.5 4.3 3.8 3.2 2.4 2.6
2.7 5.5 4.2 3.8 3.2 2.4 2.6
2.7 5.0 4.2 3.8 3.1 2.4 2.4
2.7 . 4.8 4.2 3.7 3.1 2.4 2.3
2.8 4.6 4.1 3.7 3.1 2.4 2.3
2.8 4.4 4.1 3.6 3.1 2.4 2.3
2.8 4.4 4.0 3.5 3.1 2.4 2.3
2.8 4.5 3.9 3.5 2.9 2.4 2.3
2.8 4.5 3.9 3.5 2.8 2.5 2.3
2.8 4.7 3.9 3.5 2.8 2.5 2.3
2.8 4.8 3.9 3.5 2.8 2.5 2.3
2.8 4.6 3.9 3.4 2.8 2.5 2.3
2.8 4.4 3.9 3.4 2.8 2.5 2.3
2.7 4.5 3.9 3.4 2.8 2.5 2.3
2.7 4.5 3.9 3.4 2.8 2.5 2.3
2.8 4.5 3.9 3.4 2.7 2.5 2.4
2.8 4.4 3.9 3.4 2.7 2.5 2.4
2.8 4.3 3.9 3.4 2.7 2.5 2.6
2.8 4.3 3.9 3.4 2.7 2.5 2.7
2.7 4.3 3.8 3.4 2.7 2.5 2.7
2.7 4.2 3.8 3.4 2.7 2.5 2.7
2.6 4.1 3.8 3.3 2.7 2.5 2.7

4.1 3.8 3.3 2.7 2.5 2.7
3.8 2.7 2.5

Norte.—Discharge, relation affected by ice Nov. 9, 1913, to Apr. 17, 1914,

Daily discharge, in second-feet, of Pembina River at Neche, N. Dak., for the year ending
Sept. 80, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sépt.
87 13
87 13
87 17
87 17
87 22
87 22
87 22
74 17
74 17
61 9
61
61

2
SEEEE BEREE covoo cook ININN

BREnRE

BN BNNEE 3383

-
w

a Discharge interpolated.

Norte.—Daily discharge computed from two fairly well defined rating curves. Disoha;ge, Apr. 1-17,1914,
estimated, because of ice, from gage heights, observers’ notes, and climatic records, at 'second-feet.
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Monthly discharge of Pembina River at Neche, N. Dak., for the year ending Sept. 30, 1914.

Discharge in second-feet.
Run-off | ...
Month. (total in racy.
Maximum. | Minimum. | Mean. acre-feet).
L076174] T 75 49 63.6 3,910 | B
¥ o) ¢ 1 SN RO RO 254 15 100 { D
241 160 195 12 000 | B
160 87 126 7 500 | B
87 22 48.4 2 980 | B
22 6 13.4 824 C
22 6 12.9 768 | C

WEST BRANCH OF ROSEAU RIVER NEAR MALUNG, MINN.

Location.—Near the center of sec. 7, T. 161 N., R. 39 W, at the highway bridge, 1
mile west of Malung post office, and 61 miles south of Roseau; half a mile above
the mouth of the East Branch.

Records available.—May 6, 1911, to September 30, 1914.

Drainage area.—265 square miles.

Gage.—Vertical staff, read once daily to half-tenths. Limits of use: Hali-tenths
below and tenthsabove4.5feet. During thespring of 1913 (presumably in March)
the gage had lowered 0.21 foot, probably on account of settling of the earth
approach to the bridge, which pushed down the plank fillers behind the abut-
ment, the gage being attached to these fillers. The gage has remained practically
stationary since settlement. All gage heights published in the following tables
are therefore referred to a gage datum about 0.21 foot below the original datum,
and 0.21 foot should be added to the gage heights previous to that date in order
tomake them agree with the datum of the gage in its present position.

Channel and control.—Probably fairly permanent, although there is a possibility
of temporary backwater from the East Branch.

Discharge measurements.—Made at the bridge except during low stages, when
they are made at a wading section. Discharge measurements are also made on
the East Branch a short distance above the junction and on Roseau River at
Roseau for the purpose of determining the part of the flow at Roseau that comes
from the East Branch and of estimating the entire flow below that point, as con-
ditions of flow below the junction of the two branches are very unfavorable for
the establishment of a regular station.

Winter flow.—From November to April the river is frozen over; observations dis-
continued.

Regulation.—Much of the area drained by Roseau River is so swampy that it can
not be cultivated without drainage. In connection with this work the river
channel has been straightened and widened to 80 feet for a distance of 40 miles;
a drainage system benefiting 90,000 acres of land south of the river discharges
into the Roseau by 10 ditches 1 mile apartin T. 163 N., Rs. 43 and 44 W. Another
ditch system, draining about 20,000 acres, enters Roseau River in sec. 6, T. 162
N,R.39W.

Discharge measurements of West Branch of Roseau River near Malung, Minn., during the
year ending Sept. 30, 1914.

Hada by 1538 | ol
Feet. Sec.ft.

June 11 | W.B. SteVenS0m. . ccuuutieiieiiiiiaaeeaieaiceacaascacancacesannaneens 7.8 403
July 23 | E.F.Chandler. ... oeiiie it iiii e aeieacaaeeecaaaaeeeaaaaaaan 3.12 19.7
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Diischarge measurements of East Branch of Roseau River near Malung, Minn., during the

Dis-
charge.

Sec.-ft.
628
27.0

C]

G
height.

8.36
1.77

Feet.

year ending Sept. 30, 1914.

Made by—

E.F.Chandler.........cocoiiiiiiiiii i

W..B. Stevenson......

Date.

June 11
July 23

Discharge measurements of Roseau River at Roseau, Minn., during the yedr ending

1914.

)

Sept. 30

Dis-
charge.

Gage
height.

Made by—

Date.

June 12 | W. B. Stevenson..............

July 24| E.F.Chandler... ... 00l 1llIIIIIIIIIIIII

Daily gage height, in feet, of West Branch of Roseau River near Malung,

Minn., for the

1914.

K

year ending Sept. 30

observer.}

[August Hedin,

relation affected by ice about Dec. 3, 1913, to Apr. 17, 1914. Gage-heights refer to

ow original datum.

2 coowl ~Booew vovoe B wRrr~ Boooi 1
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Daily dwckarge, in second-feet, of West Branch of Roseau River near Malung, Minn., for
the year ending Sept. 30, 1914.

Day. Oct. Nm\: Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.8 142 | 268 | 92 8.0 17
1.8 142 2321 92 6.0 17
1.8 124 196 | 92 6.0 13
1.8 124 124 | 69 5.3 10
2.8 142 100 | 66 5.3 9.0
2.8 133 92| 66 4.5 8.0
2.8 133 76| 66 4.5 7.0
4.0 124 7| 76 4.5 6.0
5.4 116 187 | 76 4.5 6.0
5.4 92 349 | 59 4.5 6.0
5.4 76 412 | 42 4.5 6.0
5.4 69 4301 31 4.5 6.0
7.0 55 439 | 26 6.0 6.0
9.0 52 421 26 6.0 6.0

12 45 2051 21 4.5 6.0
12 36 205 | 31 4.5 13
10 31 169 | 76 4.5 12
9.0 26 124 | 100 4.5 10
6.2 84| 84 4.5 13
4.7 108 7| 62 4.5 12
5.4 160 55| 42 4.5 10
4.7 196 481 31 124 9.0
5.4 196 421 26 5.3 8.0
5.4 214 36| 21 4.5 8.0
5.4 160 26 15 4.5 8.0
5.4 133 21 | 12 6.0 7.0
7.0 108 211 10 |© 9.0 6.0
7.0 26| 10 10 6.0
9.0 96 92| 10 13 6.0
7.0 205 84| 10 15 - 5:3-
7.0 286 [....... 9.0 17 |.......

Nore.—Daily discharge computed from two rating curves fairly well defined between 49 and 440 second--
feet and poorly defined below 49 second-feet. Discharge estimated by Prof. E. F. Chandler, because of ice
from climatic records, dischargq of adjacent drainage areas, and observer’s notes concernin, any mark
variation in dlscharge, as follows: Dec. 3-15, 2.7 second-feet; "Dec. 16-31, 1.5 second-feet; Jan. 1-15, 1 second-
foot; Jan. 16-31, 0.2 second-foot; Feb. 1-15, 0.1 second-foot; Feb. 16-28, zero flow; Mar. 1-31,3 second-feet,

Dlscharge (})r 1-17 estimated, because of i ice, from gage heights, observer’s notes, climatic records, and
discharge of adjacent drainage reas at 65 second-feet. These estimates are based on less complete data-
ltha\n are estimates at most stations In this report and represent only the best that are available for pub-

ication.

Monthly discharge of West Branch of Roseau River near Malung, Minn., for the year
l ending Sept. 30, 1914.
Discharge in second-feet.

Accu-
Monith, racy.
Maximum. | Minimum. | Mean.

“ [ 1

Qe

Q

wre

oo
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MOUSE RIVER AT MINOT, N. DAK.

Location.—At the Anne Street Footbridge, northeast of the Great Northern Railway
roundhouse at Minot, N. Dak.

Records ava.xlable.—May 5, 1903, to September 30, 1914.

Drainage area.—8,400 square miles.

Gage.—Vertical staff attached to pier of Anne Street Bridge.

Channel and control.—Clay and silt; slightly shifting.

Discharge measurements.—Made from the Anne Street Bridge at medium and
high stages. At low stages made by wading some rods below the dam at the
Minneapolis, St. Paul & Sault Ste. Marie Railway water tank.

Winter flow.—Discharge relation slightly affected by ice from about mlddle of
November to middle of April.

Regulation.—A dam 4 feet high at the Minneapolis, St. Paul & Sault Ste. Marie
water tank, 1 mile below, raises the water at gage about 3 feet at ordinary low stage.
The dam, being designed merely to give enough depth of water for the intake-
pipe suction, has no sluices, but it is not absolutely tight. When the dischargeis
less than about 5 second-feet the water level falls below the crest of the dam.

Accuracy.—Results good for medium stages; for low water, errors of large percentage
in the results may be due to small errors made by the gage observer or to changes
in the amount of leakagé through the dam, but the total error for such period is
but a few second-feet.

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

30, 1914.
[Made by E. F. Chandler.]
Gage Dis-
Date. . heizit. charge.
’ Feet. Sec.-ft.
AL, 18, et e e e e e e oo e et eea e e e e e e ennaaanaeanaein 9.12 | 1,000
1] 43 200 L 4.14 4.2

Daily gage height, in feet, of Mouse River at Minot, N. Dak., for the year ending Sept. 30,
. 1914.

TP R0ORR ROEREN AHKTT THEESR H&E™

[Ephraim Cox, observer.]

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
4.4 4.0 7.55 | 5.9 5.4 5.65 | 4.65 4.4
4.35 | 4.1 7.35 | 5.8 5.4 5.55 | 4.65 4.
4.3 4.1 7.1 | .5.8 5.4 5.5 4,65 4.
4,2 4.1 6.95| 5.8 5.5 5.45 | 4.6 4.
4.15| 4.15 6.9 5.9 5.6 5.3 4.6 4.
4.1 4,15 6.75( 5.95| 5.65| 5.25| 4.55 4.
3.95 | 4.2 |[. 6.7 6.0 5.65 | 5.15( 4.55 4,
3.9 4.2 |. 6.75| 5.9 5.7 5.1 4.55 4.
3.95| 4.2 |. 6.8 | 6.0 5.751 5.0 4.5 4,
3.95 | 4.25|. 7.2 5.75] 5.7 4,95 | 4.4 4.
3.9 4.25 |. 7.4 5.8 5.6 4.9 4,35 4.
3.9 4.4 | 7.55| 5.95| 5.55} 4.8 | 4.35 4.
3.9 4.6 |. 7.5 5.9 5.8 | 4.8 | 4.3 4.
3.95| 4.8 . 7.55| 6.0 6.65 | 4.8 | 4.25 4.
3.95| 4.9 7.75| 5.95]| 6.65| 4.8 4.2 4,
4.0 | 49 8.1 5.5 6.7 4.8 4.2 4,
4.0 4.95 8.8 5.8 6.6 4.8 | 4.2 4,
4.0 4.9 9.0 5.7 | 6.5 4.8 | 4.2 | 3.
4.0 4.9 9.45 | 5.7 6. 4 4.85 | 4.15 3.
4.0 5.0 9.5 5.7 6.3 4.8 4.0 3.
3.95| 5.0 . 8.0 5.65 | 6.2 4.8 3.9 3.
3.9 1 50 5.8 8.45| 5.65| 5.95| 4756 | 3.8 3.
3.95 | 5. 6.8 7.7 | 5.6 5.85| 475 3.8 | 3.
4.0 5. 7.1 7.0 5.6 57| 47| 3.9 3.
4.0 | 5.0 7.35| 6.8 | 5.55| 5.75.] 4.75| 3.95 3.
4.0. | 5.0 7.4 6.7 5.55 | -5.7 475 41 | 3.
4.0 4,95 7.35| 6.35| 5.5 5.75 | 4.7 4.2 3.
4.0 4,95 7.3 6.2 5.5 5.75 | 4.65| 4.35 3.
4.0 4.95 7.0 6.0 5.5 5.8 4.7 4.45 3.
4.0 4.9 7.1 5.9 5.45 | 5.75 | 4.7 4.45 3.
4.0 |....... 7.2 feee-... 5.45 |....... 4.7 4.4 |.......

'Nore.—Discharge relation affected by ice Dec. 4, 1913, to Mar. 14, 1914.
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Daily discharge, in second-feet, of Mouse River at. Minot, N. Dak., for the year ending
Sept. 80, 1914.

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

1 5.6 3 b1 20 RN RN FR 702 266 137 200 9 5.6

2 5.2 3.5 652 239 137 174 9 5.6

3 4.8 3.5 588 239 137 162 9 5

4 4.5 3.5 549 239 162 150 7.5 5

5 3.8 3.8 536 266 187 113 7.5 5.6

6 3.5 3.8 485 280 200 101 7 6

7 2.7 4.1 482 293 200 79 7 6

8 2.7 4.1 495 266 213 68 7 6

9 2.7 4.1 522 293 226 47 6.5 6
10.. 2.7 4.4 614 226 213 38 5.6 6.5
11 2.5 4.4 665 239 187 29 5 6.5
12 2.5 5.6 702 280 174 23 5 6.5
13 2.5 7.5 690 266 252 23 5 6
14 2.7 17 e e 702 293 468 23 4 6
15.. 2.7] 38 750 280 468 17 4 5.6
16 3 38 828 266 482 17 4 4.1
17 3 38 966 239 455 23 4 -3.5
18 3 38 1,000 226 428 23 4 3
19 3 38 1,070 | 213 | 401 23| 4 2
20.. 3 47 1,080 213 374 17 3 2
21 2.7 47 806 200 347 17 2 2
22 2.7 | 47 900 200 280 13 2 2
23 2.7 47 738 187 252 13 2 2
24 3 47 562 187 226 13 2 2
25.. 3 47 522 174 226 13 3 2
26 3 47 482 | 174 213 3] 3 ° 2
27 3 38 388 162 226 10 4 1.8
28 3 38 347 162 226 9 5 1.8
29 3 38 293 162 233 10 6 1.8
30.. 3 29 266 150 226 10 6 18
31 F:J PR J MU AP I ) 71 S 150 [-ennn- 10| 6 [ceee-.-

Nore.—Daily discharge computed from a fairly well-defined rating curve. Discharge Mar. 1-14, 1914,
estimated, because of ice, from observer’s notes and climatic records at 1 second-foot.

Monthly discharge of Mouse River at Minot, N. Dak., for the year endimg Sept. 30, 1914.

Discharge in second-feet.

Run-off |Accu-

Month. total (in | racy.

Maximum. | Minimum.| Mean. | acre-feet).

(07175 T} N 5.6 2.5 3.17 195 | C.
. 47 3 2.5 1,460 | B.

665 [eceaeecen-n- 186 11,400 | B.

1,080 266 646 1 B.

293 150 227 14,000 | B.

482 137 265 15,800 | B.

200 9 47.8 2,940 | C.

9 2 5.10 314 | C.

6.5 1.8 4.07 242 | C.

EVAPORATION AT UNIVERSITY, N. DAK.!

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

The records at this station were continued during the year ending September 30,
1914, daily observations being made during the open season. The gage was protected
from disturbance, and the records of observations are reliable.

1 For comBIete description of this stfation and records of evaporation, rainfall, and temperature for 1905
to 1908, see U. S. Geol. Survey Water-Supply Paper 245, pp. 64-67, 1910.
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The coulee drains about 60 square miles of very level prairie. Except for brief
freshets the flow in the coulee is small, varying from 1 second-foot or less to 20 second-
feet. In very dry weather the water lies in pools with scarcely any perceptible flow.-

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

A standard rain gage is located on the open prairie about 10 rods distant. On days
of rainfall the difference (which is usually small) between the quantity measured by
the rain gage and the surplus in the tank is considered the total evaporation for the
day.

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

The following table shows for each 10-day period during the year ending September
30, 1914, the gross evaporation, the total rainfall, and the mean temperatures for the
10 obsservations of the water and of the air:

Evaporation observations at University, N. Dak., for year ending Sept. 30, 1914.

Mean tempera- || Mean tempera-
Evapo-| Rain- ture. Evapo-| Rain- ture.
Date. ration. | fall. Date. ration. [ fall.
Water.| Air. : Water.| Air.
£
Inches. | Inches.| °F. °F. . Inches. | Inches.|. °F. | °F.
Oct. 1-10....... 0.78 1.25 45 49 || June 1-10...... 1.54 3.20 70 66
11-20...... .68 .01 38 38 11-20...... 1.40 .84 71 61
21-31...... .22 .35 32 29 21-30...... 1.59 2.47 69 62
Nov. 1-10...... .21 17 32 33 || July 1-10...... 1.79 2.05 80 71
11-20...... .15 .13 32| 33 11-20...... 1.98 .31 80 71
21-25...... .06 .08 32 31 21-31...... 1.78 1.83 79 72
Apr. 16-20...... 17 1.38 47 44 || Aug. 1-10...... 1.97 A7 [ 74 67
21-30...... .78 .61 45 43 11-20...... 1.23 .41 69 64
21-31...... 1.40 2.73 65 58
May 1-10...... W72 .78 51 50
11-20...... 1.73 .27 59 55 || Sept. 1-10...... 1.33 A3 | 61 58
21-31...... 2.41 1.16 67 62 11-20...... 145 L1 66 | 65 -
21-30...... 1.36 100 59 57
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RAINY LAKE AT RANIER, MINN.

Location.—At the foot of Rainy Lake at Ranier, Minn.

Records available.—January 1, 1910, to September 30, 1914.

Gage. —Haskell water-stage recorder and vertical staff (read once da.lly) installed
December 5, 1913, on protection crib above Canadian Northern Railway
bridge. Prior to that date, staff gage attached to foot of Ranier wharf. Prior to
August 19, 1911, gage.heights were read at the upper gage of the Minnesota &
Ontario Power Co., just above the dam at International Falls,2 miles below
Ranier. Comparative readings taken on the two gages during 1911 indicated a
slope of 0.50 foot between the two points, and to make the records comparable
the readings on the Minnesota & Ontario gage were reduced by 488.50. Recent
studies by Mr. A. F. Meyer, consulting engineer of the International Joint Com-
mission, indicate that the actual slope between the two gages varied from 0.3 to
1.2 feet during the period January 1, 1910, to August 18, 1911, so that the readings
on the Minnesota & Ontario Power Co.’s gage should have been reduced by an
amount ranging from 488.70 to 487.80 instead of 488.50 feet. Gageheights January
1, 1910, to August 18, 1911, published in Water-Supply Papers 285 and 305 are
therefore in error as referred to the correct datum by an unknown amount vary-
ing from +0.2 to —0.7 foot.

The dam at International Falls controls the level of Rdiny Lake, which has
an area of approximately 344 square miles. Owing to the great number of small
islands in the lake its effective capacity is somewhat uncertain, as the existing
maps are too small to show this accurately. Beginning August 19, 1911, the gage
heights refer to the gages established by the Canadian Department of Public
Works.

The gages were maintained at the following elevations during the year ending
September 30, 1914:

Feet.
‘Oct. 1toDec. 4, 1918 ..t eaeaaaaaann 489. 25
Dec. 5, 1913, to Sept. 30, 1914. . ... ... .. iiiiiiiiiaann 488. 00

The records at this station, by indicating the change in the water level, show
the gain or loss in storage due to the control of the flow at the International Falls
dam, and when used in connection with the records of flow of the Rainy at Inter-
national Falls, are of value in determining the natural run-off. :

Cooperation.—Gages are owned and maintained by the Canadian Department of
Public Works.
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Daily gage height, in feet, of Rainy Lake at Ranier, Minn., for the year ending Sept. 30,
- 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
6.07 | 518! 3.97| 3.70 7.65 | 820 7.60
6.03 | 5.10| 393 3.75 7.70 | 8.20 7.50
5.94| 5.06( 3.90| 3.90 |. 7.73 | 820 7.55
5.93 | 5.04 | 3.87| 3.88 7.87 | 8.12 7.50
5.90| 4.98| 3.92| 3.89 7.97 | 8.00 7.60
5.871 4.97| 3.8 ! 3.95|....... 7.90 | 8.00 7.65
5.8 | 4.96| 3.76 | 4.00| 5.75 | 7.97| 800 7.65
5.86 | 4.97| 3.74| 4.04| 58 | 7.98| 810| 7.55
5.82| 4.8 | 3.67| 4.07| 5.95| 8.00| 820 7.50
5.76 |....... 3.63 | 4.17| 6.10( 8.00( 8.10 7.50
....... 7.08( 6.45| 5.72 | 4.77| 3.55| 4.18| 6.20| 8.20| 8.10 7.50
....... 710 | 6.46 | 5.70 | 4.72| 3.62| 4.21| 6.25| 830 8.00 7.47
....... 7.08( 6.43( 5.65| 4.68| 3.50 | 4.24 | 6.30 | 825 7.95 7.50
....... 7.08 | 6.40 | 5.61 | 4.65| 3.48| 4.27(.......| 830 7.90 7.50
7.70 | 7.02| 6.37| 5.64 | 4.68| 3.44 | 4.28| 6.40| 8.30| 8.00 7.48
7.69| 6.92 | 6.35| 5.56 [....... 3.47 | 4.30 | 6.45 ]| 8.20| 8.05 7.45
7.67| 6.95| 6.32| 5.52( 4.57| 3.50| 4.30 | 6.50 | 8.30 | 8.00 7. gg
7.67 )| 6.95| 6.30 | 5.45( 4.51| 3.60 | 4.33| 6.60 | 835 | 7.95 7.
7.66 ¢ 6.90 | 6.28| 5.46 | 4.45| 3.67| 4.40| 6.70 | 8.30 | 7.90 7.50
7.65 |....... 6.24 | 5.46 | 4.42| 3.55| 4.65| 6.75 | 8.40 | 7.87 7.60
7.65 6.22| 536 | 4.36| 3.55| 4.75|....... 8.40 | 7.8 7.50
7.85 6.22 | 5.41 | 4.38| 3.59 | 4.77) 6.90| 8.35| 7.87 7.52
7.65 . 6.18| 5.35| 4.30| 3.60| 4.80| 7.00 | 8.35| 7.95 7.60
7.63 |. 6.13 | 5.30 | 4.25|....... 5.00 7.07| 8.30| 7.8 7.60
7.63 |. 6.18| 5.26 | 4.27| 3.60| 500 | 7.13| 830 | 7.88 7.60
o 7.63 [....... 6.18| 5.24 | 4.22| 3.68| 5.10| 7.20| 835 | 7.80 7.60
7.91 | 7.58|....... 6.17 | 520 | 4.19| 3.64| 5.20 | 7.43| 835 | 7.78 7.60
7.87 | 7.57 |....... 6.16 | 5.15| 4.14| 3.68| 5.30 | 7.43| 830| 7.70 7.59
7.84 | 7.57|....... 6.16 |....... 4,17 | 3.67 | 5.35| 7.45| 8.20| 7.69 7.60
7.84| 7.6l |....... 6.10 |....... 4,07 |....... 5.40 | 7.55| 8.27| 7.70 7.60
.82 fooeiiiifoannan. 6.09 |....... L1 25 PR PR PR 820 7.65 |.......

Nore.—Gage heights in the above table refer to the same datum as those published in previous water-
supply papers.

RAINY RIVER AT INTERNATIONAL FALLS, MINN.

Location.—At the steamboat dock half a mile below the dam at International Falls,

Records available.—March 1, 1907, to September 30, 1914.

Drainage area.—14,600 square miles.

. Gage.—Vertical staff installed April 20, 1911. Prior to this date the gage heights,
furnished through the courtesy of the Minnesota & Ontario Power Co., were read
on a gage located just below the dam, first on the American side but later on the
Canadian side. The zero of the United States Geological Survey gage is 460.99:
feet above that of the power company’s gage, when the slope of the river between
the two points, determined at gage height 2.65 feet, is considered. On September
15, 1913, an automatic gage was installed near staff gage and at same datum by
the Canadian Department of Public Works.

Channel and control.—Channel near gage is largely solid rock; permanent. Con-
trol point, which is probably a long distance downstream (perhaps at Mountain
Rapids, 37 miles below), is subject to frequent obstructions from log jams. Back-
water at gage also caused by flood stages of Little Fork and Big Fork rivers.

Discharge measurements.—Made from a boat at a section about 100 feet below
the gage where the bed of the river is uniform and the velocity regular.

Winter flow.—Icerarely formsin the long stretch of water below the dam, but serious
backwater, amounting at times to more than 2 feet, is caused by ice that forms at
the rapids below the open stretch. The winter flow through the turbines of the
power company is computed by the Canadian Department of Public Works.
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Regulation.—Since the dam and power house have been in operation practically
no water has passed over the crest, the entire flow of the river going through the

turbines and sluice gates.

with the exception of the Sunday flow, the discharge is fairly uniform.
Accuracy.—Studies of previous records of this station, based on more complete
data than were available when Water-Supply Paper 305 was prepared, indicate
that the estimates of monthly discharge published in that report are in error.
The estimated errors were published in Water-Supply Paper 325, page 61, in
which that for December, 1908, as given in the table, should be 414 per cent

instead of —14 per cent.

The plant is run on a 24-hour basis, however, so that,

Throughout the greater part of the open-water period

during the year ending September 30, 1914, the discharge relation was affected

by backwater from log booms below the station.
Cooperation.—Estimates of flow through the power house and results of discharge
. measurements furnished by Canadian Department of Public Works. Discharge
measurements also furnished by the water power branch of the Canadian Depart-
ment of the Interior. ‘

Discharge measurements of Rainy River at International Falls, Minn., during the year

ending Sept. 30, 1914.

Gage Dis- Gage | Dis-
Date. Made by— heiﬁt. charge. Date. Made by— height. | charge

Feet. | Secft.

Oct. 18 | Brown and Jamison....[ 3.57 7,910 || June 15

Nov. 27 | G. M. Brown ... 3.28 7,230 23

Dec. 12 | i, 4.49 6,820 || July 8

Feb. 25 | Parr and Jamison......[ 4.86 7,040 || Aug. 6

May 15| D. W. Jamison......... 4,61 7,

Note.—The above measurements were furnished by the Canadian Department of Public Works.

Daily gage height, in feet, of Rainy River at International Falls, Minn., for the year ending

Sept. 80, 1914.
[R. Caple, observer.]

Day. Oct. | Nov.

Dec. | Jan. | Feb. | Mar. | Apr.

June.

g
o

July.

>
&

SISO
SIS

QAEHWWW NPUNIPIT ARNRWEN IJJHUT VOTI~TIRX 0000t~

PRI LMD PPPPN PPNPD HPRPP

Q000 WWLWL WWWH I WIONJO COOATID HUNWOULT Wkt

OIOPONN Q00000 LONLIDOM i b0 00 90000 60N

by

Gt oy CQOUTHRUIW OGO WHRUTHO HOOMN =Wk W

GUOUS R R OTOTOU e Oy gt 09 00

PO e SO0 0 i 90010
a0 NOHBWEY OOV TICOHD® PUNIIOL WO

B B

by

PRI B R0 LI L90000IN0 N8I0IEIL
DO HOMHW OROWN HOTUIN O Ok

SN LOWWEIL LI OO0 POLIDO P 0000 1 (B i 1 i
HONNWE WRHOD HHDD R VREODS OPUHN WL N

Ll sttt st sl s R L A
HONUOH ROEWD WHODH DRRUND 0

»ov
0

RO W0 i R OTIDO GUR OO b i
RBGRN NHOUR RO NWHNKW ©B0U U100

BOOURGIOT IMOTP O W BRI OO GG P
BWNOO OOPOM ~TOWVON BRROO DPONW WODBD

i st alatal

CONO] BDWUN ©UNIONWQ 00W~J0O~T O Tk

by

b

GAGOTD SPD DN GADOD DOP RS P

0000

00000000 ~3

PO a0 e DO g
ISRRT- Y- XN

WO

B <O 00 © 0

SR~




Aug. | Sept.

May. | June. | July.

Feb. | Mar. | Apr.

3.7

|Stevens recording gage.}

Jan.

om©ONG
< dodoiad

ending Sept. 30, 1914.—Continued.
Dec.

cocoom
R

SURFACE WATER SUPPLY, 1914, PART V.
Nov.

-1
i

| Oct.

VIDHAN DONHD ONWODO VWD
NN Neededed wdddd dededoded

Day.

Daily gage height, in feet, of Rainy River at International Falls, Minn., for the year

62

Rl oR ) 6789m

a Gage heights uncertain on account of recording gage not working satisfactmiiy

Y"
ined
om the

“ Accurac

See
e heights as determ:

8

82

Gage heights in the second tabﬂa were determined fr

'y backwater during the greater part of the year. |
n the first table are the mean dail

ven i
staff gage.

Gage heights gi

y readings of the

ge relation affected b
record-of the recording gage.

Norte.—Dischary
ption.

in station descri:
from two dail;



HUDSON BAY DRAINAGE AREA IN THE UNITED STATES.

Daily discharge, in secondsfeet, of Rainy River at International Falls,

ending Sept. 80, 1914.
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Nore.—Daily discharge records were furnished by S. B. Johnson, hydraulic engineer, Department of

Public Works, Canada, and were computed from power-house records.

Monthly discharge of Rainy River at International Falls, Minn., for the year ending Sept.

30, 1914.
Discharge in second-feet.
Month.
Maximum. | Minimum. | Mean.

.............................................................. 7,170 5,474 6,320
...................................................... 7,175 5, 6,130
.................................................... 6,988 4,608 6,310
.................................................. 7,140 5,492 6,720
................................................ 7,280 5,967 6,820
.................................................. 7,064 5,589 6,710
.................................................... 6,998 5,878 6, 690
.................................................. 8,952 5,988 6,870
.................................................. 9,504 6, 8,47
.................................................. 12,775 6,184 10,500

.................................................. 10,984 7,730 3
............................................................ 10, 600 4,270 9,750
....................................................... 12,775 4,270 7,610

Nore.—“ Discharge in second-feet per square mile’”’” and “ Run-off (deptﬁ in inches)” are not published

because such estimates do not represent natural flow at station.
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VERMILION RIVER BELOW LAKE VERMILION, NEAR TOWER, MINN.

Location.—In sec. 2, T. 63 N., R. 17 W., in St. Louis County, just below dam at
outlet of Lake Vermilion, 4 miles above the mouth of Two Mile Creek, which
enters from the west.

Records available.—May 17, 1911, to September 30, 1914.

Drainage area.—507 square mlles

Gage.—Vertical staff; read morning and evening to quarter-tenths. Limits of use:
Hundredths below 1.0, half-tenths from 1.0 to 2.5, and tenths above 2.5 feet.

Channel and control.—Steep rapids just below gage; bed. of stream composed of
solid rock and large bowlders; control permanent.

Discharge measurements.—Made from cable just below station; athigh stage from
boat about a mile below gage.

Winter flow.—Not affected by ice owing to the heavy fall at gage section, amounting
to 20 feet in 200 yards.

Regulation.—At the outlet of Vermilion Lake, a few hundred feet above the gage,
thereis a dam which is used to raise the elevation of the lake for aid in navigation.
Dam has no gates but was repaired on July 19, 1912. From April 28 to May 10,
1914, when parts of dam were removed, and for some time subsequent, the flow
was above normal.

Accuracy.—Conditions favorable for good results, the only uncertainty being some
inaccuracy in the discharge measurements, owing to the very rocky section.

Discharge measurements of Vermilion River below Lake Vermilion, near Tower, Minn.,
during the year ending Sept. 30, 1914.

Date. Made by— hgiag t. ch]a)a.irsg'e. Date. Made by— h(e}ig . ch]gi'sg.e.
Feet. | Sec.-ft. Feet. | Sec.ft.

Oct. 7 | B.J. Peterson.......... 0.32 73 || May 20 ) 8. B.Soulé............. 2.91 | 1,070
[ P (o (s .32 73 21 |..... (s 1+ SO, 2.85 b991

o Measurement made from boat at a section about 4,000 feet below gage
b Measurement made from boat at a section about 6,000 feet below gage, control clear.
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Daily gage height, in feet, of Vermilion River below Lake Vermilion, near Tower, Minn.,
Jor the year ending Sept. 80, 1914.

[Mrs. A. E. Shively, observer.)

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

0.62| 0.65| 0.62( 0.70| 0.66 | 1.65 | 2.5 1.9 1.8 1.2

.65 .65 .62 .70 .66 1.8 | 2.5 1.9 1.8 1.2

.65 .65 .62 .70 .66, 2.0 2.5 1.9 1.8 1.2

.65 .65 .65 .70 .65 2.05( 2.5 19 L7 1.2

.68 .65 .65 .70 .65 2.1 2.5 19 1.7 1.2

.68 .65 .65 .70 .65 | 2.2 2.5 1.9 1.65 1.15

.68 .65 .65 .70 .65 2.4 2.5 1.85| 1.6 1.1

.68 .65 .65 .70 .64 | 2.4 2.5 1.85 | 1.55 1.1

.68 .65 .65 .70 .64 | 2.4 2.45| 1.9 L5 1.2

.68 .62 .65 .70 .64 | 2.4 2.45| 1.9 1.5 1.2

.65 .62 .68 .70 .62 3.0 2.4 1.9 1.45 1.15

.65 .62 .68 .68 .621 3.0 2.4 19 1.45 1.2

.65 .62 .68 .68 .62 3.0 2.4 1.95| 1.4 1.2

.65 .62 .68 .68 .61 3.0 2.4 2.0 1.35 1.2

.65 .62 .68 .68 .61| 3.0 2.4 2.0 1.3 1.2

.65 .62 .68 68 .60 3.0 2.35 | 2.0 1.3 1.2

.65 .62 .68 .68 .61 2.9 2.3 2.0 1.3 1.2

.65 ..., .68 .68 661 2.9 [ 2.25( 2.0 1.3 1.2

.65 .62 .68 .68 .69 2.9 | 2.0 2.0 1.3 1.2

48 .65 .62 .68 .68 .73 2.9 2.0 2.0 1.3 1.2
.48 .65 62 .68 .68 761 2.9 2.0 1.95 | 1.3 1.2
48 .65 .62 .70 .68 .78 | 2.8 2.0 1.9 1.3 1.2
48 .65 .62 .70 .68 .78 | 2.8 2.0 1.9 1.3 1.2
48 .65 62 .70 .68 791 2.8 2.0 1.9 1.3 1.2
A8 85 ..., .62 .70 .68 .85 | 2.8 2.0 1.9 1.3 1.2
.48 .65 .62 |....... .68 91 2.8 1.95| 1.9 1.25 1.2
.48 .65 62 |....... .68 .96 | 2.7 1.95| 1.9 1.25 1.15
.48 .65 .62 |...o.. .68 1.15| 2.6 1.95 | 1.9 1.2 1.15
.48 .65 .62 |...... .68 1.4 2.6 1.9 1.85( 1.2 1.1
.48 .65 62 ...... .68 1.55| 2.6 1.9 1.8 1.2 1.1
A8 L .65 62 ... .68 f...... 2.5 |eoo.... 1.8 1.2 |.......

Nore.—Discharge relation probably not materially affected by ice during the year.

Daily discharge, in second-feet, of Vermilion River below Lake Vermilion, near Tower,
Minn., for the year ending Sept. 30, 1914.

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

95 17 122 17 130 124 378 810 490 442 231
95 122 122 117 130 124 442 810 490 442 231
95 122 122 117 130 124 540 810 490 442 231
98 122 122 122 130 122 565 810 490 398 231
101 127 122 122 130 122 590 810 490 398 231

111 122 17 |....... 127 287 870 490 466 231 208

114 122 17 |....... 127 334 870 490 442 231 208

....... 122 1uz |....... 127 |.......] 810 |.......| 442 231 |.......
a Interpolated.

Norte.—Daily discharge computed from a well-defined rating curve.
97825°—wsp 385—15——75
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Monthly discharge of Vermilion River below Lake Vermilion, near Tower, Minn., for the
year ending Sept. 30, 1914.

[Drainage area 507 square miles.]

Discharge in second-feet. (dRm;ftifn
6
Month. inches on |AccU-
. Per drainage | 18¢Y
Maximum, | Minimum, | Mean. | square area%g
mile. :
95 83.9 0.165 0.19 | B.
114 95 102 .201 A.
127 117 123 243 28 | A.
122 117 118 233 27 | A.
130 117 125 247 26 | A.
130 127 128 252 29 | A.
334 114 145 32 | A.
1,110 378 884 1.74 2.01 | A,
490 674 1.33 1.48 | A.
497 .980 1.13 | A.
442 231 298 588 68 | A.
231 208 226 446 50| A.
1,110 60 285 562 7.63

LITTLE FORK RIVER AT LITTLE FORK, MINN.

Location.—In sec. 9, T. 68 N., R. 25 W., at the lower of the two highway bridges at
Little Fork, Minn., 1} miles above the mouth of Beaver Brook.

Records available.—June 23, 1909, to September 30, 1914.

Drainage area.—1,720 square miles.

Gage.—Vertical staff; read daily, morning and evening, to quarter—tenths Limits
of use: Hundredths below 5.0, hali-tenths from 5.0 to 6.0, and tenths above 6.0
feet.

Channel and control.—Channel practically permanent. No well-defined control.

Discharge measurements.—Made from the bridge.

Winter flow.—River frozen over during the winter; discharge measurements made
through the ice.

Regulation.—River used ‘throughout spring and summer for log driving, but there
are no logging dams and flow is natural.

Accuracy.—Conditions favorable and records reliable except for short periods during
April and May, when there may be occasional backwater from log jams at the
railroad bridge below station.

Discharge measurements of Little Fork River at Little Fork, an dumng the year endmg
Sept. 80, 1914.

e | Dis Gage | Dis-
Date. Made by— height. | charge. || Ds8te. Made by— heiﬁlt. charge.
Feet. | Sec.-ft. Feet. Sec.-ft:
Dec. 26 S. B. Soulé ............ 6.82 2233 || May 16 | S. B.Soulé............ 11.25 | 2,400
{‘a’ﬂ. ..... [ [ T S 6.28 all5 || Aug. 14 | J. B. Stewart.......... 5.79 276
eb. 25 |..... L 1o R 6.12 ag82 :

a Complete i lce cover; measurement made about 160 feet above gage.
b Logs running; no log jams noticed.
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Daily gage height, in feet, of Little Fork River at Little Fork, Minn., for the year ending

Sept. 30, 1914.

[Theo. La Chapelle, observer.)

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
6.3 6.9| 9.5 6.5 [eeaeoecfoemaaac]oaannns 15.5 9.2 8.8 6.5 6.8
6.4 6.4 .eiifonnnnns 6.2 6.1 6.6 | 17.3 8.9 9.2 6.2 6.7
6.5 6.1 |....... 6.5 |.oeool]en PR R 18.3 8.7 9.6 6.1 6.7
7.7 8.7 985 |eceiii ool e..o| 6.6] 18.7 86| 99| 6.0 6.8
8.1 5.7 .o 6.4 6.2 6.1 ....... 18.3 8.3 9.8 ) 5.8. 7.0
8.6 5.9 9.0 [.oeiiocaiiioaann.. 18.6 7.9 9.0 5.8 7.2
9.2 6.4 |.oeeofoennnnn 6.2 6.1 |. 17.8 7.5 82| 5.6 7.3
9.8] 6.6 85 6.4 | ......].. ..| 16.9 7.4 7.7| 5.5 7.1

10.4 6.7 |ocaeeec]eneeann 6.2 6.1 6.8 15.8| 12.8 7.6 5.7 7.0
10.6 6.6 |..cc... 6.4 |..ccoo].n O eeeeo| 15,21 14.6 7.8 5.7 6.9
10.8 6.4 14.4 | 14.2 8.0( 5.8 6.8
10.6 6.4 13.6 | 13.1 8.4 5.9 6.8
10.5 6.4 13.0| 12.0} 14.4| 6.0 6.5
10.1 6.4 12.4 | 11.0| 16.4| 5.9 6.4
9.5 6.4 11.7 ) 10.3] 16.1| 5.75 6.6
8.9 6.4 | .ooi]oiaaaes 6.1 6.2 10.2| 11.2| 10.0| 15.4| 5.7 7.1
8.6 6.4 1....... 6.4 [ ooofeeaians 13.1°] 10.8 9.6 | 14.4| 5.8 7.6
8.3 6.4) 6.0 |.......)o.c.o..]os e.-.-| 16.3 | 10.2 9.2 13.6 | 5.9 7.5
8.0 6.41....... 6.3 6.1 6.2 16.8 | 10.3 9.5] 12.7| 6.0 7.6
8.0 6.4 5.65 ..o . feiaiii]oaaiats 15.8 | 10.6 8.6 | 11.8| 6.1 7.6
7.7 6.6 |.ooofomaan.s 6.0 6.2 15.2| 11.2 7.81 11.0{ 6.3 7.8
7.2 7.4| 5.55 6.2 | oiii]eeanes 14.6 ( 12.1 7.4| 10.0| 6.6 8.0
(3’7 PR R PO 6.1 6.3 14.2| 12.6 6.8 9.0 6.7 8.2
7.3 7.6 |-cc.... 6.2 [.caeoni]-- eee.o| 139 1220 6.4 7.9] 6.8 8.2
7.6 fcceee] 6.8 Joieio.)o. PR eeeeo] 12,4 111 6.0 7.1] 7.0 8.0
7.8 12.0 | 10.4 6.4 7.4] 7.0 7.6
8.0 11.7 | 10.9 6.8 7.2 6.9 7.2
8.3 12.0 | 10.0 7.4 6.7| 6.8 7.0
8.2 13.3 | 10.1 7.8] 6.4| 6.8 6.7
7.8 14.4| 9.8| 86 6.2 6.8 6.4
Tod |oeaei)oaanens] 602 |evaiii]ecaana]oeannns 9.5 |.ceeee.| 6.3] 6.9 |.oeen..

Norte.—Discharge relation affected by ice about Nov. 7-30 and Dec. 5, 1913, to Apr. 16, 1914, and by

backwater from log jam Apr. 17-24 and May 2-3.
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Daily discharge, in second-feet, of Little Fork River at Lwtle Fork, Minn., for the year
' ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
482 578

395 545

368 545

341 578

302 647

289 719

240 756

216 683

264 647

264 612

289 578

315 578

341 482

315 452

276 513

264 683

289 831

315 831

341| . 870

368 870

423 949

518 | 1,030

545 | 1,110

578 | 1,110

647 | 1,030

2,860 | 2,080 | 452 | 793 | 647 870
12,710 | 2,310 578 719 612 719
12 1,900 | 793| 545| 578 647
..| 3,540 | 1,950 949 452 578 545
.| 4,150 | 1,820 | 1,280 395 578 452
....... 1,680 [.......] 423 612 |.......

a Estimated.

Nore.—Daily discharge computed from a well-defined rating curve. Discharge estimated, because of
ice, from afe heights, observer’s notes, discharge measurements, and climatic records, as follows: Nov. 7-20,
300 second-feet; Nov. 21-30, 930 second-feet; Dec. 5-15, 950 second-feet; Dec. 16-31, 280 second-feet; Jan. 1~
15, 150 second-feet; Jan. 16-31, 115 second-feet; Feb. 15 , 112 second-feet; Feb. 6-8, 97 second-feet; Feb. 9-18,
86 second-feet; Feb. 19-28, 78 second-feet; Mar. 1-11, 78 second-feet; Mar. 12-17, g6 second-feet; Mar. 18-31,
114 second-feet; Apr. 1-16, 383 second-feet; and Apr. 17-24, 2,260 second-feet.

Monithly discharge of Little Fork River at Little Fork, Minn., for the year ending Sept. 30,
1914.

[Drainage area, 1,720 square miles.]

Discharge in second-feet. Run-off
depth in
Month. Per gnc es on ‘:;g’f
Maximum, | Minimum, | Mean, | square draina).ge
o area).
0.721 0.83 | B.
.306 .34 C.
. 406 .47 C.
L0771 091 C.
.052 05]C.
.056 .0861]C.
.843 .94 | C.
2.06 2.38 | B.
.907 1.01 | B.
1.12 1.29 | B.
.236 . B.
.416 B.
.605 8.19
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TUPPER MISSISSIPPI RIVER DRAINAGE BASIN.
MISSISSIPPI RIVER ABOVE SANDY RIVER, NEAR LIBBY, MINN.

Location.—In sec. 25, T. 50 N., R. 24 W., near Libby post office in Aitkin County,
Minn., a short distance above the mouth of Sandy River..

Records available.—September 1, 1895, to September 30, 1914.

Drainage area.—4,510 square miles.

Gage.—Vertical staff located just above mouth of Sandy River, but records are not
used in the estimate of discharge, which is based on frequent discharge measure-
ments, the daily estimate being interpolated between dates of measurements.

Discharge measurements.—Made by an employee of the United States Engineer
Corps stationed at Sandy Lake dam.

Regulation.—Flow at station controlled in the interest of navigation by three reser-
voirs, namely, Lake Winnibigoshish, Leech Lake, and Pokegama Falls.

Cooperation.—Station maintained by United States Engineer Corps to determine
flow of river above Sandy Lake reservoir.

Daily discharge, in second-feet, of Mississipfi River above Sandy River, near Libby, Minn.,
i

Jor the year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. { Feb. | Mar. { Apr. | May. | June. | July. | Aug. | Sept.
) TR 1,420 | 1,400 | 1,310 | 1,000 | 813 | 570 | 708 | 1,720 | 1,800 | 2,300 | 1,680 | 2,160
2 eieeeens 1,480 | 1,390 [ 1,300 | "997 | 795| 575 | 720 1,830 | 1,910 | 2,290 | 1,660 | 2,150
E I 1,550 | 1,390 | 1,290 [ 993 | 777 731 | 1,940 | 2,030 | 2280 | 1,640 | 2,140
L S, 1,610 ) 1,380 | 1,270 990 759 586 742 | 2,060 | 2,140 | 2,270 | 1,620 | 2,120
Beeeaaaan 1,680 [ 1,380 | 1,260 | 986 | 741 | 502 | 754 2,180 | 2,260 | 2,260 | 1,600 | 2,110
i TS 1,740 | 1,380 | 1,250 | 982 | 723 | 597 | 765 | 2,290 | 2,380 | 2,250 | 1,590 | 2,100
Toeeenannn 1,810 | 1,370 | 1,230 | 978 | a704 | @602 | 777 | 2,400 | 2,490 | 2,240 |a1,570 |a2; 080
N 01,880 | 1,370 | 1,220 | 973 | 702 | 602 | 788 | 2,520 | 2610 (2,230 | 1,590 | 2,130
Qi 1,850 | 1,370 | 1,200 | a968 | 700 | 602 | 800 | 2,640 | 2,720 | 2,200 | 1,610 | 2,180
10.. i, 1,820 | 1,360 | 1,190 | 960 | 698 | 603 | 823 |a2,750 | 2,840 | 2,180 | 1,630 | 2,230
| DR 1,790 { 1,360 | 1,180 | 951 | 695| 603 | 846 | 2,680 [22,960 | 2,150 | 1,650 | 2,280
12, .. 7760 | 1,350 | 1,160 | 942 | 692 603 | 86926002740 | 2,120 | 1,680 | 2,330
) J 1,730 | 1,350 | 1,150 932 690 604 892 | 2,530 | 2,520 | 2,100 | 1,700 | 2,380
F7 1,710 | 1,350 | 1,140 | 920 | a689 | 604 | 915 | 2,460 | 2,300 [a2,070 [a1,720 | 2,430
15l 1,680 | 1,340 | 1,120 | 910 | 678 | @605 | 938 | 2,390 | 2,080 | 2,020 | 1,770 | 2,480
16 cneeienannns 1,650 | 1,340 | 1,110 667 | 612 | 2961 | 2,320 |a1,860 | 1,980 | 1,810 {22,530
17, 1,620 | 1,340 | 1,000 | @893 | 6 618 | 967 | 2,240 | 1,870 | 1,930 | 1,860 | 2
) E: J 1,590 | 1,330 | 1,080 869 646 625 974 | 2,170 | 1, 1,800 | 1,910 | 2,440
19, 1,560 [ 1,330 | 1,070 | 845| 636 | 632] 980 | 2,100 1,880 | 1840 | 1,960 | 2,390
20mnceiaeanan 01,540 | 1,320 | 1,050 | 821 | 626 | 638 987 |a2,020 | 1,890 | 1,800 | 2,010 | 2340
D PO, ,520 | 1,320 [ 1,040 | 797 | 616 | 45| 994 1,950 | 1,900 | 1,750 | 2,060 | 2,300
22 1,510 | 1,320 | 1,020 | 773 | 2606 | 6521 1,870 | 1,900 | 1,720 | 2,110 | 2,
D I ,500 (21,310 | 17010 | 749 | 599 | 659 | 1,010 | 1,790 |al; 910 | 1,670 |a2,160 | a2, 200
DY SR 1,490 [ 1,320 | 6995 | @725 | 592 | a666 |21,010 | 1,720 | 1,960 [a1,620 | 2,160 | 2,210
25 ennns 1,480 | 1,320 | 997 | 740 | 85| 670 1,110 | 1,640 | 2,020 | 1,630 | 2,160 | 2,230
. R, 1,470 | 1,320 998 1, 560
D7 (PR 1,460 | 1,320 | 999 580
D 1,440 | 1,320 | 1,000 610
29 ieiiaien. 1,430 | 1,320 | 1,000 63
F 1 1,420 |al, 330 | 1,000
3 S 1,400 |....... a1, 000

a Discharge measurement.



70 SURFACE WATER SUPPLY, 1914, PART V.

Monthly discharge of Mississippi River above Sandy River, rear Libby, Minn., for the
: year ending Sept. 30, 1914.

[Drainage area, 4,510 square milesa.]

Discharge in second-feet. Run-off
(total in
Month. ) ; millions of
Maximum. | Minimum. | Mean. |cubic feet).
1,880 1,400 | 1,600 4,280
1,400 1,310 | 1,350 3,500
1,310 995 | 1,120 3,000
1,000 725 882 2,360
813 564 671 1,620
697 570 628 1,680
1,600 708 969 2,510
2,750 1,560 2,080 5,570
2,960 1,800 | 2,190 5,680
2,300 1,620 1,90 5,250
2,180 1,570 | 1,870 5,010
2,530 2080 | 2,270 5,880
2,960 564 | 1,470 46,300

a Discharge in ““Second-feet per square mile” and “Run-off (depth in inches)’’ not published for this
drainage area because the flow at the station is modified by the operation of six reservoirs in the interest
of navigation, as noted under “Regulation’’ in station description.

Note.—Computed by engineers of the United States Geological Survey from daily discharge record
furnished by the United States Engineer Corps.

MISSISSIPPI RIVER AT ST. PAUL, MINN.

Location.—Near foot of Robert Street, St. Paul, Minn., 6 miles below mouth of
Minnesota River.

Records available.—Gage heights by United States Signal Service (later United
States Weather Bureau) 1873 to 1914. Many discharge measurements by United
States Engineer Corps prior to 1900. Measurements made by United States
Geological Survey 1909 to 1914. Daily discharge March 1, 1892, to September
30, 1914. ~

Drainage area.—35,700 square miles.

Gage.—Chain gage installed May 9, 1913, on Chicago & Great Western Railroad
bridge, about 800 feet below vertical staff near foot of Wabasha Street used prior
to that date; same datum. Gage read once daily to tenths. Limits of use:
Tenthsat all stages. Previous to 1911 a vertical staff was located on the Diamond
Joe Line wharf at the foot of Jackson Street, about 400 feet below the chain gage.
At the lower end of the wharf is the gage of the United States Engineer Corps, the
datum of which is 0.5 foot higher than that of the Weather Bureau gage, to which
the following data are referred.

Channel and control.—No well-defined control; channel somewhat shifting.

Discharge measurements.—Made from the Omaha Railway bridge, 2 miles above
station.
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Winter flow.—River frozen from December to March, when monthly estimates of
flow are based on records of United States Engineer Corps at Lock and Dam No. 2
below Minneapolis, an allowance being made for the flow of Minnesota River.

Regulation.—Flow regulated somewhat by Government reservoirs on the headwaters
at Lake Winnibigoshish, Leech Lake, Pokegama Falls, Sandy Lake, Pine River,
and Gull Lake, but the effect of these reservoirs is observable very gradually at
St. Paul. Itis possible that during extreme low water the shutting of the wheel
gates of the power plants at the nearest dam, at Minneapolis, may cause daily
fluctuations of stage at St. Paul.

Maximum and minimum flow.—Highest recorded discharge, amounting to 117,000
second-feet, occurred July 22, 1867. Since 1892 highest discharge has been
80,800 second-feet. The winter flow has fallen nearly as low as 1,000 second-feet.

Accuracy.—As the Weather Bureau gage is read once daily the recorded mean gage
height for the day may be somewhat in error, although occasional additional read-
ings have shown this was not serious. Up to 1900 the United States Engineer
Corps made many discharge measurements at St. Paul, the results of which are
published by the Mississippi River Commission. Although the base data for
estimating the daily flow of the river are available fer years prior to 1892, the
reservoir system, which has had a marked influence on the regimen of the river,
was not then in complete operation and it is evident that the earlier records have
lost much of their value as indications of probable future flow.

Cooperation.—Gage heights furnished by the United States Weather Bureau. Data
on which mean monthly flow from January to March has been based furnished
by United States Engineer Corps.

Discharge measurements of Mississippi River at St. Paul, Minn., during the year ending
Sept. 30, 1914.

Date. Made by— hg;%"t' chgﬁg'e' Date. Made by— hféi"t' chg‘,z'e'

Feet. | Sec~ft. Feet. | Sec.+t.

May 4 | Soulé and Stewart..... 5.64 | 14,300 || Sept. 2 | Soulé and Stewart..... 4.00 | 10,300
June 18 |..... [ 1 . 9.59 | 27,200
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Nore.—Discharge relation affected by ice about Dec. 26, 1913, to Mar. 9, 1914,
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Daily discharge, in second-feet, of Mississippi River at St. Paul, Minn., for the year ending
Sept. 80, 1914.

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

6,630 | 9,920 | 9,480 38,600 [10,800 | 9,920
6,630 (10,800 | 9,480 (39,200 [10,800 | 9,920

7,200 |13, 800 [10,400 |40, 500 |10,400 | 9,700
7,400 |14, 600 [10,600 (39, 800 |10,400 | 9,480

600 (14,900 11,500 (38,600 (10,100 | 9,260
600 [15,200 (12;000 (36,800 {10,100 | 8,840
200 (15,500 (12,200 |34,500 | 9,920 | 8,630
400 (15,200 13,800 (32,500 | 9,700 | 8,630
7,600 |14,900 (16,000 |29, 800 {10,400 | 8,210

Note.—Daily discharﬁe computed from a well-defined rating curve. Discharge estimated, because of
ice, from records of discharge at lock and dam No. 2 by United States En%neet Corps and flow at Man-
kato as follows: Dec. 26-31, 3,500 second-feet; Jan, 1-31, 3,800 second-feet; Feb. 1-28, 3,300 second-feet; and
Mar. 1-9, 3,700 second-feet.

Monthly discharge of Mississippi River at St. Paul, Minn., for the year ending Sept. 30,
1914.

Discharge in second-feet.
Month. : ‘%;cc;-

Maximum. | Minimum. | Mean.
10,100 4,720 7,660 | B.
7200 5,220 6,080 | B.
6,450 |.....connn.. 4,690 | B.

........................ 3,800 | D.

........................ 3,300 | D.
,630 4,340 | B.
9,260 6,270 7,260 | B.
15, 500 12,200 | A.
, 800 9,480 | 22,200 | A.
, 500 ,800 | 23,300 | B.
10, 800 8, 9,350 | B.
14,900 8,210 | 11,100 | B.
40,500 |..oooenann. 9,630 | -
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SANDY RIVER BELOW SANDY LAKE RESERVOIR, MINN.

Location.—At the Sandy Lake dam near Libby post office, Aitkin County, Minn., 1
mile above mouth of Sandy River.

Records available.—July 7, 1893, to September 30, 1914.

Drainage area.—424 square miles.

Area of reservoir behind dam.—At low stage, 8 square miles; at high stage, 16.5
square miles; these areas, with a range of 9.4 feet, give a capacity of 3,127,900,000
cubic feet.

Discharge.—The discharge over the dam is computed from the flow through the open-
ings and from frequent discharge measurements made by an employee who resides
near the dam. At extreme flood stages the Mississippi drowns out the dam and
fills Sandy Lake reservoir as much as 3 feet higher than was intended. If the
Mississippi is at fairly high stage and the dam is open there is frequently a consid-
erable reverse flow into the reservoir, but the amount has not been computed.

Regulation.—Flow at station is wholly controlled by Sandy Lake reservoir.

Accuracy.—The section available for making discharge measurements is not adapted
to measuring low discharge, and records below 200 to 300 second-feet may be
subject to an error of 20 to 25 per cent. Discharge records for higher stages good.

Cooperation.—Station maintained by United States Engineer Corps for the purpose -
of measuring the flow from the Sandy Lake reservoir, which is one unit in the
Government reservoir system at the headwaters of the Mississippi.

Daily discharge, in second-feet, of Sandy River below Sandy Lake reservoir, Minn., for
the year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
10 107 17 24 5 47 5 64 | 1,500 802 5
501 10 104 17 24 5 54 5 232 | 1,500 800 5
501 10 104 16 5 47 5 269 | 1,500 800 5
500 10 104 17 23 5 5 5 391 | 1,500 800 39
500 10 88 17 23 5 5 5 643 | 1,500 802 19
501 10 53 16 23 5 5 5 694 | 1,500 802 15
490 10 50 17 23 5 5 5 909 | 1,500 799
230 10 48 16 23 5 5 511,580 | 1,500 799
10 52 16 23 5 5 512,000 | 1,500 799 166
200 10 58 16 23 5 5 511,810 | 1,500 801 5
140 10 57 16 23 5 5 5 25) 1,500 798 5
180 10 58 17 23 5 5 5 25 | 1,200 | - 801 5
170 10 55 25 23 5 5 5 500 |-1,200 800 5
140 10 55 25 23 5 5 5 503 801 799 5
1 10 55 25 16 5 5 5 502 803 801 110
115 10 53 25 15 5 5 5 502 803 401 5
115 10 52 24 16 5 5 5 798 799 399 5
121} 10 50 23 15 5 5 511,200 407 403 5
104 10 50 23 15 5 5 511,210 290 102 b
104 10 45 24 15 5 5 5 | 1,500 200 100 5
109 55 32 24 15 5 b 511,500 502 100 5
29 32 23 15 15 5 5| 1,500 500 101 5
a7 118 33 23 15 1. 5 5] 1,500 501 5 5
10 173 25 24 15 23 5 511,500 500 5 29
10 176 25 24 15 32 5 511,500 503 5 84
10 176 16 24 15 40 5 51,500 499 5 84
10 139 16 24 15 40 5 5 {1,500 800 b 70
10 1 171 . 23 15 47 5 511,500 802 ] b
10 122 17 23 |eee-een 47 5 511,500 803 5 5
10 126 16 P2 . 47 5 511,500 801 5 126
10 |....... 17 24 |....... 47 Jeeeeenn [ PO, 800 |28 P




UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 75

Monthly discharge of Sandy River below Sandy Lake reservoir, Minn., for the year ending
Sept. 80, 1914.

Discharge in second-feet. Run-oft
(total in
Month. millions of

Maximum. | Minimum.| Mean. |cubic feet).
501 10 190 509
176 10 50.0 130
107 16 49.8 133

25 16 21.0 56.2

24 15 19.2 46.4

47 5 14.8 39.6

54 5 9.4 24.4

5 5 5. 13.4
2,000 25| 1,010 2,620
1,500 200 968 2,590
802 5 440 1,180

166 5 32.8 85.0
2,000 5 236 7,430

Nore.—Computed by engineers of the United States Geological Survey from the record of daily discharge

furnished by the United States Engineer Corps. “Discharge in second-feet per square mile’”” and “Run-

.off (depth in inches)” not comguted for this drainage area because the flow past the station is affected
by the operation (in the interest of navigation) of reservoirs.

PINE RIVER BELOW PINE RIVER RESERVOIR, MINN.

Location.—In T. 137 N., R. 27 W., just below the dam at the outlet of Cross Lake,
which is 15 miles above the mouth of the river in the central part of Crow Wing
County.

Records available.—March, 1886, to September 30, 1914.

Drainage area.—452 square miles.

Area of reservoir surface above dam.—At low water 18 square miles; at high
water 24 square miles. These areas, with a range of 16.15 feet, give a capacity of
7,732,900,000 cubic feet. The dam raises the water level in Cross, Pine, Daggett,
Rush, Whitefish, Trout, and Hay lakes by varying amounts.

Discharge.—Determined from daily gage heights representing the head at the dam
and from the various-sized openings in the dam. Discharge measurements are
made about once a week to check these estimates. Although the discharge of the
dam represents the flow from the reservoir it does not represent the entire flow of
Pine River at its mouth because between the two points the drainage area is
increased from 452 to 691 square miles by Little Pine River and one or two other
minor tributaries.

Cooperation.—Station is maintained by the United States Engineer Corps for the
purpose of measuring the flow from Pine River reservoir, the lowest in the present
system of Government reservoirs on the headwaters of the Mississippi.
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Daily discharge, in second-feet, of Pine River below Pine River reservoir, Minn., for the
year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
119 122 126 126 63 67 70 | @456 516
119 122 126 126 | a64 67 70 455 516

a119 123 126 126 64 67 69 453 515
119 123 126 | a62 64 67| a68 452 514
119 123 126 62 65 67 68 450 512
119 123 126 62 65 a 68 68 448 508
119 | a123 | ¢126 62 65 69 68 a 504
120 123 126 62 65 69 68 | a444 506
120 123 126 62 a 66 69 68 446

a120 123 126 62 66 70 68 448 510
120 123 126 | @63 66 70 140 478 512
121 123 127 63 66 70 | a298 480 514
121 123 127 63 66 a7l 300 482 512
122 | ¢123 | @127 63 66 71 300 484 510
122 123 127 63 66 70 310 | @486 505
123 123 126 63 a67 69 465 490

a123 124 126 63 67 69 465 495 495
123 124 126 | @63 67 465 500 490
1 124 126 63 67 67 400 508 | @487
123 125 125 63 67 a66 | @343 515
123 | a125 | @125 67 66 340 5! 490
122 125 125 67 67 250 | a535 491
122 125 125 a68 67 435 534 492

a122 125 126 68 6 534 493
122 125 126 a 68 68 | a437 533 495

68 437 533 | 0496

122 126 127 68| a70 436 532 494
122 | a126 127 68 70 436 531 492
122 )....... 1 68 71 437 530 490
122 |....... 127 e 67 71 438 525 488
122 |....... 127 |....... 67 f....... 437 | a518 |.......

a Discharge measurement.

Monthly discharge of Pine River below Pine River reservoir, Minn., for the year ending
Sept. 30, 1914.

[Drainage area, 452 square miles.] s

Discharge in second-feet. Run-off
(total in

Month. ’ millions of

Maximum, | Minimum. | Mean. | cubic feet).

124 112 117 313

121 115 117 303

124 119 121 324

123 119 121 324

126 122 | 124 300

127 125 126 337

126 62 69.1 179

68 63 66.3 178

71 66 68.6 178

465 68 280 750

444 492 1,320

516 487 501 1,300

535 62 184 5,810

a “Discharge in second-feet per a%ggre mile,” and “Run-off (depth in inches)’’ not computed because
flow past the gaging station is regulated in the interest of navigation, as noted in the station description.

Nore.—Computed by engineers of the United States Geological Survey from record of daily discharge
furnished by tge United States Engineer Corps. ¢ v v
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CROW WING RIVER AT NIMROD, MINN.

Location.—In sec. 32, T. 137 N., R. 33 W., at the steel highway bridge at Nimrod
post office, about 12 miles east of Sebeka, the nearest railroad point; 1 mile above
the mouth of Cat River, and 1 mile below the mouth of Willow Creek.

Records available.—April 15, 1910, to September 30, 1914, when station was dis-
continued.

Drainage area.—1,010 square miles.

Gage.—Chain gage, attached to the bridge; read daily, morning and evening, to
quarter-tenths. Limits of use: hundredths below 5.5, half-tenths between 5.5
and 6.0, and tenths above 6.0 feet.

Channel and control.—No well-defined control; a decided change took place in
the channel during the summer of 1914, as indicated by discharge measurements
made during the year. '

Discharge measurements.—Made from the bridge.

Winter flow.—Affected by ice; observations discontinued.

_Regulation.—River used for log driving. No trouble from log jams since establish-
ment of station. A dam at the outlet of Lower Crow Wing Lake controls the water
from that portion of the drainage area. River has considerable fall near station,
and 1 mile above makes a descent of 12 feet, known as Western Rapids.

Accuracy.—Discharges above 678 second-feet, published in the following tables, are
based upon an extension of the discharge rating curve and should therefore be
used with caution. A decided change in the discharge relation as expressed by
the rating curve used prior to 1914 has taken place since May 14, 1914, asindicated
by the four discharge measurements made in May, June, and August, 1914. Daily
discharge estimates subsequent to May 14, 1914, have been computed by the
indirect method and are consequently not as accurate as those prior to May, 1914.

Discharge measurements of Crow Wing River at Nimrod, Minn., during the year ending
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— heiZit. charge.
Feet. | Sec.ft. Feet. | Sec.ft.
May 14 | S. B, Soulé............ 5.19 581 || June 11 | 8. B. Soulé............ 6. 41 1,260
June 11 |..... L 10 S R 6.44 1,320 || Aug. 10 | J. B. Stewart.......... 5.65 a 426
|

" a Large amount of heavy moss in channel at the gage.



8 SURFACE WATER SUPPLY, 1014, PART V.

Daily gage height, in feet, of Crow Wing River at Nimrod, Minn., for the year ending
Sept. 80, 1914.
[W. H. Wintermute, observer.}

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.16 | 5.48 | 5.30 f..o.ocifeeeiiiilieiiii)onnnnas 5.30| 5.18| 6.4 5.8 5.7
5151 5.44| 530 |.......|.. 5.34| 509 6.4 5.8 5.7
5,151 5.38| 5.30 |.......|.. 5.38| 5.08| 6.3 5.8 5.65
5.18 | 5.35| 5.30 |.......]|.. 541 519 | 6.3 5.8 5.65
5.6 5.82 | 5.30 j.......]. 5.42| 5.31| 6.2 5.8 5.6
5.6 5.35 | 5.28 |..oiiifecaiiiifaenaiifoannann 5.40 | 5.36| 6.2 5.7 5.6
5.48 ¢ 5.35 | 5.15 .......|. 565 | 540| 595| 6.2 5.7 5.6
5.46 | 5.35| 5.10 [.......|. 5.48| 5.40| 7.1 6.2 5.7 5.55
5.42| 5.35( 5.18 [.......|.. 5.38 | 5.38| 7.2 6.1 5.7 5.6
5.5 5.35 | 5. 5.29 | 5.34| 6.8 6.1 5.7 5.7
5.65| 5.38 | 5. 5.24 | 5.30| 6.4 6.1 5.6 5.65
5.7 5.40 | 5. 5.20 | 5.28| 6.2 6.0 5.6 5.6
5.7 5.42 | 5. 5.15( 5.25| 6.2 6.0 5.6 5.75
5.7 5.46 | 5. 5.20 | 5.21| 6.2 6.0 5.6 6.2
5.7 5.5 5. 5.20 | 5.20| 6.2 6.0 5.6 6.1
5.7 5.26 | 5. 5.20 | 5.18| 6.2 6.0 5.6 6. 0
5.65| 5.22| 5. 5,20 | 5.15| 6.2 6.0 5.6 5.95
5.6 5.22 | 5. 5,20 | 5.12| 6.3 5.95| 5.6 5.9
5.6 5.20 | 5. 5.20 | 510 6.3 5.9 5.55 5.85
5.55 | 5.20 | 5. 5.18 | 5.10| 6.2 5.9 5,65 5.85
5.5 5.29 515 5.08| 6.2 5.9 5.6 5.85
5.5 5.32 5.12 5.05| 6.1 5.85 1 5.7 5.8
5.5 5.30 5.10 [ 5.01 6.1 5.8 5. 65 5.75
5.5 5.30 5,10 5.02 | 6.1 5.8 5.7 5.75
5.5 5.32 5.10 | 5.00 | 6.1 5.8 5.7 5.7
5.5 5.35 5.10  5.00 6.1 5.8 5.7 5.7
5.49 | 5.38 5,12 5.00| 6.6 5.8 5.65 5.7
5.48| 5.35 5.16 | 5.01 | 6.5 5.85 | 5.65 5.7
5.48 | 5.32 5.22 | 5.08| 6.4 5.8 | 5.7 5.6
5.5 5.30 5.30| 5.14| 6.5 5.8 5.7 5.6
[ 250 T (AR R (RPN PO Y MO 5.15 [ec..... 5.8 5.7 foceenne

Nore.—Discharge relation affected by ice about Dec. 20, 1913, to Apr. 6,1914.

Daily discharge, in second-feet, of Crow Wing River at szrod Minn., for the year ending
Sept. 30, 1914.

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

678 365 | 1,190 530 457
710 330 | 1,190 530 457
742 312 | 1,100 530 422

422
774 443 | 1,010 530 388
758 472 | 1,010 457 388
388

758 | 1,010 | 1,010 457 356
000 388

409 641 457 530
369 | 923 604 422 494
369 923 604 457 494
350 923 | 604 457 457
337 923 604 457 457
324 | 1,370 604 457
324 |1, 641 457
362 | 1,190 [ 641 457 388
388 |1, 604 457 388
382 |....... 604 457 |.......

d.lschars computed from a rating curve fairly well defined between 160 and 678 second-
feet (gago heigl{ts 4.5 53 leet) See « Aecur%” in statlonydescnption.
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Monithly discharge of Crow Wing River at Nimrod, Minn., for the year ending Sept. 30,
1914. .

[Drainage area, 1,010 square miles.]

Discharge in second-feet. (dRmE? h
epth in
Month, per | incheson ‘}:cc“'
Maximum, | Minimum, | Mean. | square | 9rainage v
’ ’ | “mile. area).
1,010 567 84 0.839 0.97 | A.
604 711 . 704 A.
678 530 619 613 43 | B.
966 530 619 613 55 | B.
774 324 55 549 63 | B.
2,000 312 1,020 1.01 1.13 | B.
1,190 604 796 C.
530 356 441 437 50 | B.
838 356 492 487 54 | C.

CROW WING RIVER AT MOTLEY, MINN.

Location.—At highway bridge at north edge of village of Motley, about one-fourth
mile north of Northern Pacific Railway station, and about 2 miles above the mouth
of Long Prairie River, the nearest tributary.

Records available.—June 10 to November 30, 1909; April 15, 1913, to September 30,
1914, )

Drainage area.—2,140 square miles.

Gage.—Vertical staff gage; read twice daily to quarter-tenths. Limits of use:
Hundredths below 6.0, half-tenths between 6.0 and 7.5, and tenths above 7.5 feet.

Channel and control.—No well-defined control at station; channel fairly permanent.

Discharge measurements.—Made from upstream side of two-span highway bridge.

Winter flow.—River frozen over during winter; monthly estimates of flow based
on discharge measurements made through the ice, climatic data, and gage heights.

Regulation.—Nearest dam above station is over 60 miles upstream and affects flow
at the station very slightly. .

Accuracy.—Backwater from possible log jams may, at certain periods, affect the dis-
charge relation.

Discharge measurements of Crow Wing River at Motley, Minn., during the year ending
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by height. | charge. Date. Made by— height. | charge.
Feet. | Secft.
Oct. 24 | W.G. HOYteeeeeuenn... 6.90 1,190 (| May 15
Dec. 27 | 8. B. Soulé............. 7.15 a 468 || June 10
Jan. 27 |..... Lo . 7.12 b 430 26
Feb. 26 |..... L6 L A 7.59 ¢ 417 || Aug. 10

a Measurement made under complete ice cover; partial ice cover at control.

b Nearly complete ice cover at control.

¢ Complete ice cover at control:

@ Velocities for about one-half of the measurement determined by the two-point method; velocities for
the balance of the measurement determined by the subsurface method.
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80

tght, in feet, of Crow Wing River at li[otley, Minn., for the year ending Sept.

30, 1914.
[S. W. Jacobs, observer.]

Daily gage

Aug. | Sept.

July.

June.

May.

Jan. | Feb. | Mar. | Apr.

Dec.

Nov.

Oct.

Day.

Nore.—Discharge relation affected by ice about Dec. 10, 1913, to Apr. 11, 1914,

T

S G
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Daily discharge, in second-feet, of Crow Wing River at Motley, Minn., for the year ending
Sept. 80, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,000 | 5,140 | ‘907 | 864
955 | 4,620 | 1,000 822
907 | 4,280 | 1,000 822
955 | 3,600 | 1,000 | 792
1,110 | 3;280 | ‘955 | 784
.............. 1,360 | 3,110 | 1,000 | 762
1,660 | 2,530 907 747
2,450 | 2,370 | 907 | 727
3,770 | 2,120 | 864 | 693
6,400 | 1,880 | 800 | 814
6,760 | 1,810 | 792 907
6,220 | 1,580 | 762 | 955
5,140 | 1,440 [ 754 | 1,000
4,280 | 1,360 7471 1,300 .
3,770 | 1,300 | 734 | 1,960
3,440 | 1,240 727 | 2,200
3,280 | 1,300 7141 2,120
3,280 [ 1,170 | 700 | 2,040
3,280 | 1,110 | 700 | 1,960
3,280 | 1,060 | 740 | 1,810
3,110 | 1,000 | 762 | 1,660
3,110 | 1,000 | 784 | 1,580
2, 860 907 807 | 1,510
3,280 907 784 | 1,510
3,440 | 907 | 807 | 1,360
3,600 864 822 | 1,300
428 | 907 | 822| 1,240
5,140 864 807 | 1,110
5,500 | 84| 822 1,110
5,860 864 864 | 1,110
1,060 |..%.... 864-| 907 |0

NotE.—Daily discharge computed from a rating curve well defined between 680 and 6,400 second-feet
(gage heights, 6.3 and 10.0 feet). Discharge estimated, because of ice, from gage heights, ol er’s notes,
discharge measurements, and climatic records, as follows: Dec. 10-31, 1913, 700 second-feet; Jan. 1~31, 1914,
440 second-feet; Feb. 1-28, 410 second-feet; Mar. 1-31, 540 second-feet; Apr. 1-11, 800 second-feet.

Monihly discharge of Crow Wing River at Motley, Minn., for t?ze year ending Sept. 30, 1914,

[Drainage area, 2,140 square miles.]

. |
Discharge in second-!feet. ghmtif it
i epth in
Month. | Per ches on Accu-
Maximum, | Minimum, | Mesn, square d‘;“;‘.?:)‘g"
‘ . .
|
1,550 | 0.724 0.83 | A.
1,220 .570 .64 | A,
829 .387 .45 | B.
1440 .206 .24 | C.
410 .192 .20 | C.
0 .252 .29 .
2 . 440 .49 1 C.
1, ©508 69 | A,
3,450 1.61 1.80 | A.
1,1810 . 846 .98 | A.
29 .387 . A.
1, T84 65 | A.
1,210 565 7.7

97825°—wsP 385—15——6
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LONG PRAIRIE RIVER NEAR MOTLEY, MINN.

Location.—In sec. 19, T. 133 N., R. 31 W., 100 yards above the highway bridge, 1
mile south of Motley, and 2 miles above the mouth of the river.

Records available.—June 10, 1909, to September 30, 1914.

Drainage area.—973 square miles.

Gage.—Vertical staff; read daily, morning and evening, to half-tenths. Limits of
use: Hundredths below 5.5, half-tenths between 5.5and 6.5, and tenths above 6.5
feet.

Channel and control.—Light gravel; practically permanent.

Discharge measurements.—Made from the bridge except at low stages, when
measurements are made by wading at a short distance upstream.

Winter flow.—River frozen over at gage; estimates based on discharge measurements
made through the ice.

Accuracy.—Conditions at station favorable, and the records should be reliable.
Backwater caused by ice gorges in Crow Wing River may possibly affect the dis-
charge relation for a few days in the spring. A decided change in the discharge
relation as expressed by the rating curve used prior to 1914 occurred between
the discharge measurements of June 10 and August 11, 1914. This change is
assumed to have occurred during July and estimates of daily discharge subse-
quent to July 14, 1914, have been made by the indirect method and are therefore
not as accurate as those prior to that date.

On account of using an erroneous estimate for the drainage area, estimates of
““Discharge in second-feet per square mile” and ‘“Run-off (depth in inches on

- drainage area),”’ as published in Water-Supply Paper 325, are in error, but they

have been recomputed and published in Water-Supply Paper 355.

Discharge measurements of Long Prairie River near Motley, Minn., during the year ending
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
Feet. | Sec.ft. Feet. | Sec.ft.
Oct. 23 | W. G. Hoyt............ 5.18 147 || May 14 | 8. B. Soulé....ceu..... 5.47 254
Dec. 28 | S. B. Soulé... . 5.25 @64 || June 10 |..... (6 L 7.05 1,040
Jan. 28 |..... do.... 5.80 a56 || Aug. 11 | J. B, Stewart.......... 5.62 206
Feb. 27 |..... do 5.91 539

a Measurement made under complete ice cover at a section about 200 feet above gage; nearly complete ice
cover at the control.
bComplete ice cover at the control.
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River near Motley, Minn., for the year ending

UPPER MISSISSIPPI RIVER DRAINAGE BASIN.
Sept. 30, 1914.

rairie

Daily gage height, in feet, of Long. P

[Mrs. Clem. Thompson; observer.]

July. | Aug. | Sept.

May. | June.

Mar. | Apr.

Feb.

Jan.

Dec.

5.1

Nov.

52

Oct.

Day.

Gage height probably varied

1914.

)

gage July 24-31.

o relation affected by ice about Dec. 23, 1913, to Mar. 31

OTE.—Discharg
Observer reported water so low that it did not reach the

from 4.7 to 4.9 feet.

T,
N

N
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Daily discharge, in second-feet, o

SURFACE WATER SUPPLY, 1914, PART V.

)f Long Prairie River near Motley, Minn., for the year
ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
290 | 231 1,720 (- 312 250
290 | 231 (1,650 | 312 250
312 250 | 1,580 312 231
312 | 250 1,460 | 290 231
312 270 | 1,280 270 212
333 270 | 1,160 | 231 212
333 405 | 1,040 212 212
333 722 | 920 195 195
356 | 1,100 920 195 195
356 | 1,040 | 805 195 212
380 1,160 | 750 | 195 212
380 | 1,160 695 195 250
231 1,100 | 585 195 250
231 860 505 178 270
231 920 195 178 505

135 178 505
110 163 558
90 163 668
90 163 668
163 612
163 612
163 668
270 668
270 722
312 668
312 668
290 668
250 612
290 558
290 778
290 |.......

Nore.—Daily dischar%
Estimated, because o

e computed from a well-defihed rating curve except as noted bel~w.
ice, from gage heights, observer’s notes, discharge measurements, and climatic

records, as follows: Dec. 23-31, 1913, 100 second-feet; Jan. 1-31,1914,55 second-feet; Feb.1-28,40 second-feet;
Mar. 1-31, 190 second-feet; estimated by comparison with Crow Wing River at Motley, July 24-31, 75
second-feet; interpolated for days on which gage was not read.

Monthly discharge of Long Prairie River near Motley, Minn., for the year ending Sept. 30,

1914.
[Drainage area, 973 square miles. ]
B | !
Discharge in second-feet. (dRu": h"‘én
€]
Month. per | incheson [ACCU-
Maximum. | Minimum, | Mean. | square d‘;‘;’;"’
mile. :

0761741 4T 290 122 177 0.182 0.21 | A.
November. 148 171 .176 .20 | B.
December......covveeeeieeiencnneea| 0 195 loiiiilll 137 141 .16 | C.
;S 1 D T: o R PP 55 .057 .07 ] C.
B 1) 03 gD E:Y o PR R 40 .041 .04 | C.
B €1 ) o U e 190 .195 .22 | C.
April. . 148 240 .47 .28 | B.
ay... 178 256 .263 .30 | A.
June. ... 231 778 . 800 .89 | B.
July. oo L7200 537 . 552 .64 | C.
August. . .ooeniiiiiiiiiia 163 232 .238 .27 | B.
September........ccoceiiiiiiiiiaiia.. 195 444 .456 .51 | C.

Theyear......coeeeiuinieeainnannnn 1,720 foceenennn... 272 . 280 3.79




UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 85

ELK RIVER NEAR BIG LAKE, MINN.

Location.—In sec. 23, T. 23 N., R. 27 W., at the highway bridge, one-half mile north
of Bailey station on the Northern Pacific Railway, gnd 4 miles east of Big Lake;
one-half mile above Tibbetts Brook, and 4 miles below mouth of St. Francis
River. ’

Records available.—April 15, 1911, to September 30, 1914.

Drainage area.—615 square miles.

Gage.—Vertical staff gage; read daily, morning and evening, to quarter-tenths.
Limits of use: Hundredths below 1.0, hali-tenths from 1.0 to 2.0, and tenths
above 2.0 feet. .

Channel and control.—Gravel; may shift during high water. During low water,
channel practically permanent.

Discharge measurements.—Made from highway bridge except at low stages, when
wading measurements are made near by.

Winter flow.—Discharge determined by measurements made through the ice.

Regulation.—None above station; only dam is near mouth, about 8 miles below.

Accuracy.—Records only fair because of backwater at gage caused by growth of grass
in channel.

Discharge measurements of Elk River near Big Lake, Minn., during the year ending Sept.
30, 1914. )

[Made by S. B. Soulé.]

Dis-

Date. Gage | nischarge. Date. hgig t. | charge.

Fect. Sec.ft.
i 369

1.42

1.42 360
.98 € 106
.98 €105

e Small quantity of grass at control; measurement made by wading. .

b gvieasurement made at a section not as good as that at which the other measurement of this date was
made.

¢ Partial ice cover at control; measurement made under complete ice cover about 400 feet below gage.

d Complete ice cover at control. . )

¢ Measurement made by wading; large amount of grass in channel at the control.
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1914.

tght, in feet, of Elk River near Big Lake, Minn., for the year ending Sept. 30,

Daily gage

[Michael Tracy, observer.]
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Nore.—Discharge relation affected by ice about Dec. 22, 1913, to Mar. 24, 1914,
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Daily discharge, in second-feet, of Elk River near Big Lake, Minn., for the year ending
Sept. 30, 1914. ‘

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

350 161 665 132 144
365 154 735 132 156
426 154 805 132 144
474 168 885 123 132
491 161 885 119 121

a Interpolated.

NoTE.—Daily discharge determined from two fairly well defined rating curves until Ma§ 31, 1914; after
that date, on account of backwater caused by growth of grass, by indirect method for sh ting channels.
Discharge estimated because of ice, from gage heights, observer’s notes, discharge measurements, and cli-
matic records, as follows: Dec. 22-31, 1913, 120 second-feet; Jan, 1-81, 1914, 98 second-feet; Feb. 1-28, 75
second-feet; Mar., 1-24, 225 second-feet.

Monthly discharge of Elk River near Big Lake, Minn., for the year ending Sept. 30, 1914.

[Drainage area, 615 square miles.]

Discharge in second-feet. dRm“;i‘l’ T
epth in
Month, §nc oson [Aecu-
Maxi . Per drainage | 267
aximum, | Minimum. | Mean. sglqlﬁe area).
199 0.324 0.37 | B.
178 .289 .32 | B.
156 . 254 .29 | C.
98 .159 .18 | C.
75 | 122 .13 | C.
288 .468 .54 | D.
277 . 450 .50 | B.
345 .561 .65 B.
246 .400 451 C,
435 L1707 .82 C.
110 179 .21 | B,
230 .374 .42 | C.
221 .359 4,88
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CROW RIVER AT ROCKFORD, MINN.

Location.—At the highway bridge at Rockford, a little more than a mile below the
junction of the North and South branches. Two very small streams, the outlets
of Rebecca Lake and Lake Sarah, enter between the junction and the station.

Records available.—June 4, 1909, to September 30, 1914.

Drainage area.—2,520 square miles,

Gage.—Vertical staﬁ read daily, mormng and evening, to hundredths. Limits of
use: Hundredths below 5.5, hali-tenths between 5.5 and 6.5, and tenths above 6.5
feet.

Channel and control.—Practically permanent.

Discharge measurements.—During high and medium stages, made from the bridge;
during low stages, by wading at various sections.

Winter flow.—Prior to the winter of 1911-12 very little ice formed and open-water
rating curve applied throughout year. During winters of 1911-12 and 1912-13 ice
destroyed the dischargerelation, making it necessary to base estimates on discharge
measurements. Before the dam was destroyed, in 1911, the larger body of water
back of the dam had a temperature considerably above freezing and did not freeze
quickly when released, but since the destruction of the dam natural conditions
prevail and-ice forms,

Regulation.—On the North, Middle, and South forks of Crow River are seven smal
power plants. Owing to the small amount of storage and the slight flow at these
plants no appreciable effect of their operation is observable at the gage. A dam
immediately above the gage was partly destroyed May 31, 1911, and has not yet
been repaired.

Accuracy.—Conditions favorable and records should be reliable.

Discharge measurements of Crow River at Rockford, Minn., during the year ending Sept
30, 1914.

[Made by 8. B. Soulé.]

Gage Dis- Gage | Dis-
Date. | height. | charge. Date. height. | charge.
Feet., Sec.-ft. Feet. Sec.‘-’ft.
[0 7575 U, 5.61 a324 || Mar. 27..cccemnmeanaannnn e 5.40 380
Dec.18.. oo 5.36 b 282 b1 (R, 5.50 432
Feb. 110111 5.14 83 || Aug.28.. LTIl 6.67 973

a Considerable quantity of grass in channel at the control.

b Small amount of ice at control, probably causing slight amount of backwater.
¢ Complete ice cover at control.

d Control clear.



89

Sept. .
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May. | June.
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[Geo. W. Florida, observer.]
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UPPER MISSISSIPPI RIVER DRAINAGE BASIN.

ight, in feet, of Crow River at Rockford, Minn., for the year ending Sept. 30,
Oct.

Day.

Daily gage

6
7
8
9
3

1914

Note.—Discharge relation affected by ice about Dec. 7-8, 18-22, 1913, and Jan. 1, to Feb. 28,
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Daily discharge, in second-feet, of Crow River at Rockford, Minn., for the year ending Sept.

30, 1914.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

582 | - 283 198 | 370 | 875| 305|200 725 1,100

528 291 202 370 905 395 | 3,040 695 | 1,030

420 300 370 965 582 | 3,040 1,030

395 | 300 198 | 370 | 998 (1,100 | 2950 | 610 | 1,030

395 291 202 345 1,030 | 1,570 | 2,860 582 965

395 291 206 345 11,100 | 1,790 | 2,680 555 965

420 322 209 336 | 1,100 | 1,950 | 2,510 500 965

305 | 322 309 (1,030 [ 1,870 | 2,270 | 500 | 965

395 322 217 304 965 | 1,790 | 2,110 472 965

5! 300 209 291 935 | 1,710 | 1,870 472 8756

Mmoo 500 287 209 291 905 |1, 790 472 755
120 ... 472 291 217 287 845 | 1,570 | 1,710 445 665
1300 472 300 295 | 218 | 845 1,500 (1,640 | 420 | 665
4. . 528 322 257 274 845 | 1,430 | 1,500 420 | 1,160
5. ... 500 345 300 274 815 | 1,360 | 1,360 445 | 1,360
16, ceeeeeen.... 472 370 445 274 755 11,220 | 1,360 445 | 1,500
17 e 420 370 555 274 665 | 1,160 | 1,290 445 | 1,640
18 .. 370 370 755 291 610 965 | 1,290 445 ( 1,710
19l 322 370 327 610 | 1,030 | 1,220 472 | 1,640
.............. 300 370 500 345 582 | 1,100 | 1,100 472 | 1,640
Moo, 322| 370 555 | 345 | 555 1,100 [1,030 [ 500 | 1,570
22, e 300 370 370 5565 (1,100 | 1,030 555 | 1,570
b F 420 395 528 | 1,160 965 1,500
24 .. 278 345 370 420 500 | 1,3€0 905 | 1,100 | 1,360
25, i 370 445 500 |.1,5 875 11,100 | 1,220
26. . . 278 370 472 500 | 1,870 815 11,030 | 1,100
27 o 278 370 327 472 556 | 2,110 785 11,030 | 1,030
28. i 270 370 370 665 528 | 2,430 785 | 1,030 965
29 ... 266 370 395 785 500 | 2,510 755 | 1,030 875
30 i 261 345 395 845 445 | 2,950 755 | 1,100 815
310l 261 [....... 305 |....... 420 |00, 725 | 1,100 |-......

NoTEe.—Daily discharge, exceFt as noted below, computed from a well-defined rating curve. Oct. 1 to

Nov. 30, 1913, estimated by the indirect method for shifting channels on account of backwater from grass;
Dec. 7-§, and 1822, 1913 estimated on account of backwater from ice. Discharge estimated, because of

ice, from gage heigﬂts, oi)server’s notes, discharge measurements, and climatic records, as follows: Jan.
-31, 190 second-feet; and Feb. 1-28, 110 second-feet.

Monthly discharge of Crow River at Rockford, Minn., for the year ending Sept. 30, 1914.

[Drainage area, 2,520 square miles.]

Discharge in second-feet. dR‘u% g’ﬂ
epth in
Month. Per gncgeson A:ccu-
Maximum, | Minimum. | Mesn. | square | 9reinage ¥
) ) " | “mile. | 8rea):
384 0.152 0.18 | B.
337 .134 15 | C.
117 A3 { C.
190 075 .09 | D.
110 044 .05 | D.
348 .138 .16 | D.
385 .153 17| C.
741 .204 .34 | B.
1, . 587 .65 | B,
1,610 1639 74 | B.
9 .265 .31 | Al
1,150 .456 51| B.
644 . 256 3.48
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RUM RIVER AT CAMBRIDGE, MINN.

Location.—At highway bridge half a mile west of Cambridge. No tributary within "
several miles.

Records available.—June 12, 1909, to March 31, 1914, when station was discontinued.

Drainage area.—1,160 square miles.

Gage.—Vertical staff; read daily to quarter-tenths. Limits of use: Hundredths
below 4.0, half-tenths from 4.0 to 5.0, and tenths above 5.0 feet.

Channel and control.—No well-defined control; channel shifting.

Discharge measurements.—Made from the bridge.

Winter flow.—Discharge determined by measurements made through the ice.

Regulation.—At St. Francis, 20 miles below Cambridge by river, there is a 10-foot
dam and power plant; difference in elevation between crest of dam and water
surface at station, about 6 feet. Only dam above Cambridge is at Milaca and is
used to form a pool from which water is pumped. Flow at Cambridge, except
during periods of low water, controlled by storage in and evaporation from the
lakes in the drainage area above Onamia.

Accuracy.—Records poor. During the summer growth of grass in channel causes
backwater in varying amount at gage.

Discharge measurements of Rum River at Cambridge, Minn., during the year ending Sept.
30, 1914.

[Made by S. B. Soulé.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
3.75 a272 (| Jan. 21 3.53 ¢ 105
3.57 5204 3.65 b68
a Some grass in channel. b Partial ice cover. ¢ Complete ice cover.

Daily gage height, in feet, of Rum River at Cambridge, Minn., for the year ending Sept. 30,
: 1914.

[Joseph Lofstrom, observer.]

Day. Oct. [Nov. | Dec. | Jan. | Feb. | Mar. Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar.
3.85 | 4.1 |. 5.4 |3.68|3.55 |.
3.81 | 4.15 |. 5.0 |3.64(3.52
3.85 (4.1 4,7 |3.68|3.48 . 3
3.92 [ 4.1 4.4 |3.64|3.45 . 6
3.91 | 4.05 4.2 |3.62 ] 3.58 .7
3.94 | 4.0 4.1 13.68]3.45|3.52|3.65| 5.6
3.99 | 3.81 . 3.963.70 | 3.38 |...ciifennn.n 5.6
4.10 | 3.89 3.8 13.74 ... ].c.... 3.65| 5.2
4.2 |3.75 .1 3.80{3.82]3.353.52 |...... 4.75
4.1 |3.8 3.76 | 4.05 |......]...... 3.65 | 4.65
4.1 |3.98 3.79 | 4.15 4.55
4.05 | 3.81 3.82 | 4.2 4.65
4.0 |3.72 3.84 | 4.2 4,65
3.99 | 3.65 3.95(4.15 4.7
3.76 | 3.58 .| 4.05 (4.1 4.8

3.99 [...... 4.8

Note.—Discharge relation affected by ice about Dec. 8, 1913, to Mar. 22, 1914.
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Daily dzscharge, in second-feet, of Rum River at Cambridge, Minn., for the year ending
Sept. 30, 1914.

Day. Oct. [Nov. | Dec. | Jan. | Feb. | Mar. Day. Oct. [Nov. | Dec. | Jan. | Feb. | Mar.

330

Nore.—Daily discharge, except as noted below, computed from a fairly well defined rating curve; Oct.
1-24, 1913, determined by indirect method for shifting channels; estimated, because of ice, from gage heights,
observer’s notes, discharge measurements, and climatic records, as follows: Dec. 8-31, 1913, 188 second-
feet; Jan. 1-31, 1914 116 second-feet; Feb. 1—28 76 second-feet; Mar. 1-22, 213 second-feet.

Monthly discharge of Rum River at Cambridge, Minn., for the year ending Sept. 30, 1914.

. Discharge in second-feet.
Month, ;‘a"c"y“
Maximum. | Minimum. | Mean.
346 | C.
315 | C.
223 | C.
118 | C.
78| C.
309 | C.

MINNESOTA RIVER NEAR MONTEVIDEO; MINN.

Location.—In sec. 19, T. 117 N., R. 40 W., at the highway bridge, 1 mile south of
Montevideo, a short distance below the mouth of Chippewa River.

Records available.—July 23, 1909, to September 30, 1914.

Drainage area.—6,300 square miles.

Gage.—Chain gage attached to bridge; datum lowered 2 feet September 16, 1909, and
1 foot additional July 29, 1910, to avoid negative readings. All gage heights have
been referred to the last datum. Gage read daily, morning and evening, to
quarter-tenths. TLimits of use: Hundredths below 2.0, half-tenths between 2.0
and 3.0, and tenths above 3.0 feet. '

Channel and control.—Gravel and rock; practically permanent.

Discharge measurements.—Made from bridge.

Winter flow.—Discharge relation affected by ice. Estimates based on discharge
measurements, climatic data, and gage heights.

Regulation.—None above station; nearest dam, at Granite Falls, does not affect
flow at station. The discharge of Chippewa River is so much less than that of
the Minnesota that the control of the former by a dam at Montevideo has little
effect on the gage heights of the Minnesota.
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Discharge measurements of Minnesota River near Montevideo, Minn., during the yéar
ending Sept. 30, 1914.

; Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— heig%t. charge.
Sec.-ft. Feet. | Sec.ft.
a 130 || July 10 . 3,070
b 41 24 1,620
b 127 Sept. 19 510
448

t.:o Partial ice cover at control; measurement made under complete ice cover at a section about 100 feet
above gage.
b Complete ice cover at control and at measuring section.

Daily gage height, in feet, of Minnesota River near Montemdea, Minn., for the year ending
Sept. 30, 1914.

[Ben O. Brown, observer.]

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

) 2.6 2.8 3.2 2.8 3.8 4.5 4.0 11.8 6.9 4.4
b 2.55 | 2.8 3.3 2.7 3.7 4.4 4.0 | 11.8 6.8 4.2
b 2.6 3.0 3.1 2.95 3.7 4.5 3.8 12.3 6.7 4.1
L 2.75 | 3.1 3.2 2.9 3.9 4.7 3.6 | 12.6 6.5 3.9
1 J 2.7 3.1 3.0 2.9 3.8 4.8 3.7 | 12.4 6.4 3.8
[, 2.6 3.0 3.0 2.85 [coeeii]enaannn 4.4 4.7 4.0 | 12.0 6.4 3.9
Y O, 2.55 | 3.0 3.1 2.85 | 2.85 3.7 4.2 4.8 4.4 | 11.7 6.1 3.9
- 2.6 3.4 2.75 1 2.95 |.cecii]ennannn 4.6 4.8 5.1 1 11.4 5.8 3.9
L 2.8 2.95 | 2.3 2.95| 2.8 3.7 4.3 4.7 5.2 | 11.4 5.8 3.6
10ccceiannnn... 2.9 3.0 245 2.5 |ieeeniilieannnn 4.5 4.6 5.8 11.2 5.7 3.8
b 3.1 2.5 2.8 2.6 feeeneoifivncann 4.4 4.8 6.1 10.9 5.6 3.9
120 cciincnnn... 3.0 3.0 3.0 2.55 1 2.9 3.6 |eceennn 4.9 6.2 | 10.6 5.5 4.0
) . 3.1 3.0 3.4 2.6 foeoeiifieaiii]iinnnnn 4.8 6.3 10.3 5.3 4.0
) L 3.1 2.95( 3.0 |....... 3.0 4.0 |....... 4.8 6.5 | 10.0 5.2 4.4
) 1 T 2.9 2.9 3.0 2.8 foceiiiifoeaians 3.9 4.8 6.8 9.5 5.1 4.4
2.9 2.75 1 2.85|....... 2.9 3.8 3.8 4.8 6.6 9.4 4.9 4.2

3.0 2.7 2.9 2.75 fooeenl. 3.8 3.8 4.7 6.8 9.0 5.0 4.3

3.1 2950 3.0 |ceoiii]eecnnes 4.0 3.7 4.6 6.9 8.8 5.1 4.4

3.0 3.0 2.95| 2.9 2.8 4.1 3.9 4.5 6.9 8.5 4.9 4.4

3.2 3.1 3.0 |eceeeiifonennas 4.1 4.0 4.4 6.8 8.1 4.7 4.5

3.0 3.1 3.0 |oeen... 2.8 4.3 4.0 4.5 6.7 7.7 50| 4.6

3.1 3.2 3.0 2.6 |eeen... 4.2 3.8 4.4 6.8 7.9 5.3 4.7

3.0 2.85| 3.0 |....... 2.9 4.1 3.8 4.4 6.8 8.0 5.2 4.7

2.9 3.2 3.0 2.9 feeee... 4.2 3.9 4.4 7.0 7.7 4.9 4.7

25.............. 2.9 3.1 2.85 [veenundfon eeees| 4.2 3.8 4.5 7.0 7.8 4.6 4.7
26..cinnecaceans| 2.9 3.2 3.1 4.2 3.9 4.2 7.1 7.8 4.6 4.7
b7 GO, ..-] 3.1 3.2 3.2 4.1 4.0 4.1 7.5 7.8 4.5 4.5
28, iiiiaiaaaan 3.2 3.1 2.9 4.1 4.0 4.0 7.8 7.6 4.5 4.6
P2t SR 2,751 3.1 2.95 3.9 4.2 4.0 8.7 7.4 4.3 4.6
80.iiinaaanns 2.45 | 3.0 3.0 3.8 4.3 4.0 10.3 7.1 4.3 4.6
) SR 2.3 |ee... 2.95 3.8 feacnnnn 4.0 |..co.n 7.0 4.4 (. .....

Nore.—Discharge relation affected by ice about Dec. 13, 1913, to Mar. 31, 1914.
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Daily discharge, in second-feet, of Minnesota River near Montevideo, Minn., for the year
ending Sept. 30, 1914.

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

162 | 194 374 | 543| 418 (3,410 1,310 | 516
155 | 194 354 | 516 | 418 (3,410 | 1,280 | 466
162 | 226 354 | 543| 374 3,660 | 1,240 | 442
1 242 396 | 599 | 334 (3,801,170 | 396

627 | 354 (3,710 | 1,140 | 374

599 418 | 3,510 | 1,140 396
627 516 | 3,360 | 1,030 396
627 715 | 3,210 934 396
599 745 | 3,210 934 334
571 934 | 3,110 902 374

627 | 1,030 [ 2,960 | 870 | 396
656 | 1,070 (2,830 | 838 | 418
627 | 1,100 | 2,700 | 776 | 418
627 | 1,170 | 2,560 | 745 | 516
627 | 1, 2,340 | 715 516
627 (1,200 | 2,290 | 656 | 466
509 [ 1,280 | 2)120 | 685 | 490
571 | 1,310 | 2,040 | 715| 516
543 | 1,310 | 1,920 | 656 | 516
516 | 1,280 | 1,770 | 599 | 543
543 [ 1,240 | 1,610 | 685 | 571
516 [ 1,280 | 1,690 | 776 | 599
516 [ 1,280 | 1,730 | 745 | 599
516 | 1,350 | 1,610 | 656 | 599
543 |1)350 | 1,650 | 571 | 599
466 | 1,390 | 1,650 | 571 | 599
442 | 1)540 | 1,650 | 543 | 543
418 | 1,650 | 1,580 | 543 | 571
418 12,000 | 1,500 | 490 | 571
418 | 2,700 | 1,300 | 490 | 571
a8 (... 1,350 | 516 |.......

a Interpolated.

OTE.—Daily discharge com; e&)uted from a rating curve fairly well defined below 685 second-feet (|
height 5.0 feet) and well defined above this point. Discharge estimated, because of ice, from gage heig] ts
observer’s notes, discharge measurements, and climatic records as follows: Dec. 13-31 1913, 180 second-
feet; Jan. 1-31, 1914, 90 second-feet; Feb. 1-28, 65 second-feet; and Mar. 1-31, 235 second- 'feet.

Monthly discharge of Minnesota River mear Montevideo, Minn., for the year ending Sept.

30, 1914.
[Drainage area, 6,300 square miles.]
i d-feet.
Discharge in second-feet dRu’ig?n
: ]
Month, {oeheson [Accu-
Per dmin o |T8CY-
Maximum, | Minimum. | Mean. square a.g
mile. area).

0.032 0.04 | B.
.036 .04 | B.
.031 .04 | C.
.014 .02 | C.
010 .01|C.
037 .04 | C.
.067 .07 | C.
. .10 | B.
175 .20 | B.
.386 .44 | A,
.128 . A.
.078 .09 | B.
.091 1.24
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MINNESOTA RIVER NEAR MANKATO, MINN.

Location.—At Sibley Park, 2 miles above the center of Mankato, a few hundred
yards below the mouth of Blue Earth River, the nearest tributary.

Records available.—May 20, 1903, to September 30, 1914.

Drainage area.—14,600 square miles.

Gage.—Chain gage; read once daily to tenths.

Channel and control.—No definite control; channel fairly permanent except
during high water.

Discharge measurements.—Made from the highway bridge in center of Mankato;
at low stages by wading a short distance below gage.

Winter flow.—Discharge determined by measurements made through the ice.

Regulation.—The nearest dam on the river is at Minnesota Falls, 140 miles upstream;
no dam below station. A dam on Blue Earth River at Rapidan, a few miles above
the mouth, controls the flow of that river, but the water contributed by the Blue
Earth forms so small a part of the entire discharge of the Minnesota at the Mankato
station that the effect of such regulation is slight.

Maximum and minimum flow.—The highest known stage of the river, which isshown
by a well-defined line in Mankato, occurred in 1881 when %he stage was approxi-
mately 27 feet above the zero of the gage now in use. This figure is corroborated
by M. B. Haynes, city engineer of Mankato, who states that the high water
occurred after the ice went out and was not caused by backwater. The corre-
sponding discharge was approximately 65,000 second-feet. The highest stage
recorded since the establishment of the gage is 21.2 feet dn June 26, 1908; the
lowest 0.5 foot in 1911 when the flow was about 89 second-feet for some time.

Accuracy.—Measurements made during earlier years indicated changing conditions of
flow, and accordingly the discharge records for years previousto 1907 were obtained
largely by the indirect method. These resultsare not asaccurate as the later ones,
which are based on well-defined rating curves. When the gage was checked with
wye level, on April 24, 1914, it was found to read 0.09 foot too high, due to a settle-
ment of the gage, which is assumed to have occurred graduahy since the previous
checking of the gage with level on April 3,1913. No corrections due to this source
have been applied to the daily gage heights or to the gage heights of discharge
measurements made during the year ending September 80, 1913. Any error
which may have existed in the gage on September 19, 1913, entered also into the
gage height of the discharge measurement made on that date. The low-water
part of the rating curve used in computing estimates of daily discharge as pub-
lished in Water-Supply Paper 355 for the last part of the year ending September
30, 1913, was based on the discharge measurement of that date and is therefore
applicable to the gage heights as read by the observer. All gage readings subse-
quent to September 30, 1913, have been reduced to the correct datum. This
accounts for most of the difference between low-water part of the rating curve
used during the last part of the year ending September 30, 1913, and that used
during the year ending September 30, 1914.

Cooperation.—Since 1906 gage heights have been furnished by the United States
Weather Bureau,
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the year ending
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i

Sept. 30, 1914.

Discharge measurements of Minnesota River near Mankato, M:

b Measurement made from bridge about 2 miles below gage.

a Measurement made under complete ice cover.
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, Minn., for the year ending

Sept. 80, 1914.

Jeet, of Minnesota River near Mankato

tght, in

Dazly gage

Aug.

May. | June. | July.

Jan. | Feb. | Mar. | Apr.

Dec.

Nov.

Oct.

Day.

Norze.—Discharge relation affected by ice about Dec. 23, 1913, to Mar. 12, 1914,
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Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the year
ending Sept. 30, 1914. :

Day. Oct. | Nov. | Deéc. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,370 | 7,550 | 2,280 | 1,160
1,300 | 7,200 | 2,090 | 1,090
1,300 | 6,860 | 2,090 | 1,000
1,440 | 6,860 | 2,000 | 1,030
1,440 | 6,520 | 1,910 | 1,030
1,510 | 6,200 | 1,910 | 1,030
1,740 | 5,730 | 1,660 970
2,460 | 5,730 | 1,740 855
4,020 | 5,580 | 1,660 800
4,020 | 5,430 | 1,740 | 800
5,880 | 5,140 | 1,510 745
5,280 | 4,990 | 1,510 745
7,550 | 5,280 | 1,440 800
9,750 | 4,280 | 1,370 800
9,950 | 4,420 | 1,370 | 1,030
10,600 | 4,020 ) 1,300 | 1,000
11,000 | 3,520 | 1,300 | 1,510
10,800 | 3,520 | 1,370 | 1,910
10,600 | 3,890 | 1,160 | 1,820
9,170 | 3,290 | 1,160 | 1,910
8,620 | 3,070 | 1,090 | 1,820
7,720 | 4,020 | 1,090 | 1,740
7,720 | 3,760 | 1,160 | 1,370
7,200 | 2,860 | 1,230 | 1,230
7,200 | 2,460 | 1,300 | 1,300
7,380 | 2,460 | 1,300 | 1,160
7,550 | 2,280 | 1,230 | 1,300
7,380 | 2,180 | 1,160 | 1,230
7,030 | 2,370 | 1,230 | . 1,090
6,860 | 2,460 | 1,230 970
....... 2,090 ( 1,160 |.......

Note.—Daily discharge computed from a rating curve fairly well defined between 180 and 635 second-
feet (gage heights, 1.0 and 1.9 feet), and well defined between 690 and 11,000 second-feet (gage heights 2.0
and 9.9 feet). Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measure-
ments, and climatic records, as follows: Dec. 23-31, 1913, 300 second-feet; Jan. 1-31, 1914, 190 second-feet;
Feb. 1-28, 135 second-feet; and Mar. 1-12, 300 ‘second-feet.

Monthly discharge of Minnesota River near Mankato, Minn., for the year ending Sept. 30,
‘ 1914.

[Drainage area, 14,600 square miles.]

Discharge in second-feet.
et
e
\ Month. Per gucheson ‘::g‘yl'
Maximum, | Minimum. | Mean. |. square d.rat;;;%ge
mile, .

347 0.024 0.03 | C.
459 .031 . C.
391 .027 . C.
............ 190 .013 .02 | D.
............ 135 . 0092 .01 | C.
695 .048 . C.
9 . 067 .07 | B.
1,540 .105 12 | AL
6,190 424 .47 | A,
4,390 .301 . A.
1,480 .101 (12| A.
1,180 081 L09 | AL

1,500 .103 1.40

97825°—wsP 385—15—7
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LAC QUI PARLE RIVER AT LAC QUI PARLE, MINN.

Location.—In sec. 26, T. 118 N., R. 42 W., at the highway bridge at Lac Qui Parle,
in Lac Qui Parle County, a short distance above the mouth of Threemile Creek.

Records available.—April 27, 1910, to September 30, 1914.

Drainage area.—838 square miles.

Gage.—Vertical staff; read daily, in the morning, to quarter-tenths. Limits of use:
Hundredths below 1.5, half-tenths between 1.5 and 3.0, and tenths above 3.0 feet.

Channel and control.—Control consists of gravel; channel slightly shifting during
flood stages.

. Discharge measurements.—At high and medium stages made from bridge; at low
stages by wading a short distance below gage.

‘Winter flow.—Observations discontinued during winter.

Regulation.—At Dawson, Minn., about 10 miles above, a dam about 8 feet high,
creating a reservoir impounding considerable water, was constructed during the
later part of the summer of 1913. Probably the extreme low stage of the last part
of September and the first part of October, 1913, is due to the retention of water
to fill this reservoir, but no further regulation is contemplated at this dam and
no other dams control flow.

Accuracy.—Records only fair, because of slight shifting of channel and the fact that
the rating curves are only fairly well defined.

Discharge measurements of Lac Qut Parle River at Lac Qui Parle, Minn., during the year
ending Sept. 30, 1914.

Date. Made by— poks, | chage, || Date- Made by— hoe, | oo,
Feet. | Sect. Feet. | Sec.-ft.

Apr. 21 | 8. B, Soulé............. 117 a34 || July 23 | J. B. Stewart.... . 146 61
21 [..... (o [s P 1.17 a33 || Sept. 19 | 8. B, Soulé............. .92 19.9

June 11 | J. B. Stewart........... 5.28 638 19 ..., L« s .92 19.8

6 Measurement made by wading.



UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 99

Daily gage height, in feet, of Lac Qui Parle River at Lac Qui Parle, Minn., for the year
ending Sept. 30, 1914.
[Chas. A. Gould, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.85| 1.55( 3.0 1.00 0.68
1.8 1.48{ 2.8 .92 .65
1.8 1.42 | 2.7 .88 .62
1.75| 1.40| 2.55 .85 .62
1.7 1.40 | 2.4 .92 .60
1.7 15 2.3 .85 58
1.7 1.8 2.2 .75 .55
1.6 3.2 2.1 .62 .55
1.6 4.6 2.0 .65 .55
L5 5.6 2.0 .65 .58
1.55 | 5.4 1.85 .62 .58
1.55| 4.8 1.8 .62 .55
155 4.1 1.7 .62 .70
1.7 3.9 1.6 .65 .82
1.7 3.8 1.5 .65 .88
1.6 4.2 1.5 .60 .90
1.55( 4.4 1.5 .60 .88
1.45| 4.0 1.42 .88 .90
1.35| 3.6 1.32 .88 .90
1.28| 3.4 1.22 .75 .90
1.25| 3.3 1.15 .65 82
1.20| 3.0 1.7 .60 .78
1.40 | 2.8 | 1.6 .60 .72
2.5 2.9 1.38 .60 .70
2.2 | 2.75| 1.25| .62 .68
1.9 3.1 1.7 .70 .65
1.8 3.2 1.65 .7 .62
1.7 3.0 1.32 . .60
1.7 3.1 1.20 . .60
1.6 3.2 1.10 .75 .58
1.6 |....... 1.05 70 ... ..

Nore.—Discharge relation affected by ice about Dec. 10, 1913, to Mar. 31, 1914.

Daily discharge, in second-feet, of Lac Qui Parle River at Lac Qui Parle, Minn., for the
year ending Sept. 30, 1914.

38 71 451 62
38 58 417 55| 18

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
0 81 96 66 25 .2
. 101 91 60 221 .0
71 91 55 206 | 18 .8
96 86 53 184 | 16 .8
1 58 81 53 162 | 20 .0
1 86 81 62 149 | 16 3
1 253 81 91 136 | 12 2
136 71 124 6.8 2
62 71 519 112 8.0. 2
2. 45 62 696 112 8.0 3
1. 31 66 | 660 96 | 6.8 3
1. 38 66 553 91 6.8 2
1. 38 66 434 81 6.8
10 38 81 400 71 8.0
9. 38 81 383 62 8.0
6.0
6.0

RRPIPD SPSI R
COCOC COCW® N WOW NROVOD OWW

ok ok ek fd Bk ek ek [eryery
aooom ©OREG SE0RD ROSKS RRRO SOSRHO

Nore.—Daily discharge computed from a rating curve well defined between 14 and 678 second-feet (gage
heights, 0.8 and 5.5 feet) and fairly well defined below 14 second-feet,
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Monthly discharge of Lac Qm Parle River at Lac Qui Parle, Minn., for the year ending
Sept. 30, 1914.

, [Drainage area, 838 square mﬂes.]
Discharge in second-feet.
. (Gopti i
epth in
Month, : inches on |A0CU-
Per | Grainage |FBCY-
Maximum, | Minimum. | Mean. | square 8
mile. area).

12 0.2 5.25 0.0063 0.007 | B.

16 10 12.3 015 .02 | B.

14 11 13.7 016 .005 | B.

253 31 61.7 074 .08 | B.

176 38 77.4 092 11 | A,

696 53 299 357 40 | A.

253 28 93.7 112 13 | A,

25 6.0 11.5 014 02 | B.

19 4,2 9.89 012 01 | B.

CHIPPEWA RIVER NEAR WATSON, MINN.

Location.—On line between secs. 10 and 15, T. 118 N., R. 41 W, at highway bridge
2% miles northeast of Watson; 10 miles above the mouth of the river, and about 2
miles below the mouth of Dry Weather Creek.

Records available.—July 6, 1909, to September 30, 1914.

Drainage area.—1,940 square miles.

Gage.—Chain gage attached to bridge; read daily, in the afternoon, to hundredths,
Limits of use: Hundredths below 5.0, half-tenths between 5.0 and 6.0, and tenths
above 6.0 feet.

Channel and control.—Channel shifts slightly during flood stages.

Discharge measurements.—Made from bridge and by wading.

Regulation.—Possibly some slight regulation was due to a flour mill working under
an 8-foot head, but this dam is now out and the flow is natural. No backwater
at station from the dam at Montevideo.

Accuracy.—Rating curve fairly well defined; records good.

Discharge measurements of Chippewa River near Watson, Minn., during the year ending
Sept. 80, 1914.

Date. Made by— pos | s, || Date. Made by— raess | o,

Apr. 21 | 8. B. Soulé.. July 10
June 10 | J. B, Stewart. . . 3 23

11 |..... do......... . . Sept. 19
July 10 | S. B. Soulé .
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Daily gage height, in feet, of Chippewa River near Watson, Minn., for the year ending

Sept. 80, 1914.
[Clifford Bonde, observer.]

July. | Aug. | Sept.

May. | June.

Jan. | Feb. | Mar. | Apr.

Dec.

Nov.

Oct.

Day.

to Apr. 3, 1914,

19013,

Nore.—Discharge relation affected by ice about Nov. 21,
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Daily discharge, in second-feet, of Chippewa River near Watson, Minn., for the year ending
ept. 30, 1914.

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

£
G
»
g
&
2

....... 288 | @234 | 2,060 427 195
272 | 304(1,940| 391| 4184
272 304 | 1,780 373 172
272 355 | 1,660 373 180
272 391 | 1,600 373 al76
272 391 | 1,490 321 172
188 288 391 | 1,380 304 172
158 304 409 | 1,320 304 172
188 304 409 | 1,230 288 a2l4

180 288 409 | 1,140 256
1,050 272| 256
256 272
240 272
288 288
256 304
232 355
231 355
240 355
232 373
232 373
232 355
a227 355
a222 338
a217 338
a212 321
a 207 304
202 |.......

. o Interpolated.

Nore.—Daily discharge computed from a rating curve well defined between 36 and 1,740 second-feet
(gage heights, 4.3 and 12.0 feet{ -
Disc] estimated, because of ice, from gage heights, climatic records, and discharge of adjacent drain-

age areas, as follows: Nov. 21-30, 1913, 100 second-feet, and Apr. 1-3, 1914, 200 second-feet.

Monthly discharge of Chippewa River mear Watson, Minn., for the year ending
Sept. 30, 1914.

[Drainage area, 1,940 square miles.] )

in d-feet.
Discharge in second-feet. R tf?n
Month. ror | iachason [Accu-
‘ Maximum, | Minimum. | Mean, square dﬁ‘;“’
mile, -
137 72 101 0. 052 0.06 | A.
137 |eeeeeennnnns I .054 .06 | B.
301 |oeecaenn... 217 112 .12 | B,
304 158 242 .125 Jd4 1AL
1,740 151 34 224 25 | A-
2,360 518 [ 1,200 1819 LAl
499 202 . 155 .18 | A,
373 172 263 .136 .15 | A,
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REDWOOD RIVER NEAR REDWOOD FALLS, MINN.

Location.—At the first highway bridge above Redwood Falls, 3 miles distant.

Records available.—July 2, 1909, to September 30, 1914.

Drainage area.—703 square miles.

Gage.—Chain gage attached to bridge; read once daily to quarter-tenths. Limits
of use: Hundredths below 3.0, hali-tenths between 3.0 and 4.0, and tenths above
4.0 feet.

Channel and control.—Well-defined control, consisting of loose and solid rock and
coarse gravel, at rapids about 200 feet below; practically permanent.

Discharge measurements.—Made from the bridge; at low stages by Wadmg at

~  different sections about one-fourth mile above gage.

Winter flow.—Affected by ice; observations discontinued during winter.

Regulation.—No dams above station. Below station a dam at Redwood Falls
creates a pond extending for some distance upstream, but backwater does not
reach station.

Accuracy.—Conditions favorable for excellent results, and records should be reliable.

Discharge measurements of Redwood River near Redwood Falls, Minn., during the year
ending Sept. 80, 1914.

Date. Made by— hfizi"t‘ chlgisg‘e'
Feet. Sec.-t.
Apr. 23 1.98 a2l
June 13 2.70 163

a Measurement made by wading at a section about 1,200 feet above gage.

Datly gage height, in feet, of Redwood River near Redwood Falls, Minn., for the year ending
Sept. 30, 1914.

[Douglas Stewart, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.65 2.10
1.65 |. 2.10
1.62 2.15
1.62 2.10
1.72 2.10
1.7 2.05
1.78 2.05
1.80 2.05

10 PO PPPOND PPRND B
S 858338 3333% S8&&s &=

gooor guuey wnogs BH33& 38558 85558

PR HOOON DNODDN PR R e
SRBBS £SSRER SoBB8Y B5833 A3ATH 8BB&RS

ST3B5H HLHEBE SLLLEL BRRRE 88853 JA8RS
PR R R e e N
SEERBL BVBBB BIBBB BVIYVES 88888 88888

SSITS8 &&8

Nore.—Discharge relation probably not affected by ice during the period of the above records.
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Daily discharge, in second-feet, of Redwood River near Redwood .Falls, Minn., for the year

ending Sept. 80, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
34 34 237 23 15
34 34 220 23 12
42 34 204 21 9
34 34 188 19 9
34 23 173 15 9
28 28 144 15 7
28 34 130 15 7
28 34 92 15 7
28 117 80 15 6
32| 144 69, , 15 7
34 158 69 15 5
28 173 60 10 5
28 173 60 10 15
28 188 60 10 34
28 204 50 10 50
28 237 42 9 50
23 237 42 9 50
23 272 42 9 50
23 308 42 7 34
23 383 28 9 34
23 402 28 9 28
23 383 50 9 28
28 383 50 9 23
34 383 42 9 23
28 326 42 9 19
34 308 42 9 15
a34 272 34 9 9
a34 272 32 12 9
34| 2712 23 12 12
37 237 23 12 15
34 |aeen... 23 15 |.......

. a Discharge interpolated.

Noﬁ.—Daﬂy discharge computed from a fairly well defined rating curve.

Monthly discharge of Redwood River near Redwood Falls, Minn., for the year ending Sept.

30, 1914.
[Drainage area, 703 square miles.]
Discharge in second-feet.
At
e
Month. P inohes.on [Aceu-
Maximum. | Minimum.| Mean. squ?re drainage (™59
B mile. area).

34 3 20.0 0.028 0.03 | B.

34 19 27.6 .039 W04 | A,

42 23 30.0 .043 05 | A.

402 23 203.0 .289 .32 1 B.

237 23 78.1 111 .13 | B.

23 7 12.5 .018 ;02| B.

50 5 19.9 028 .03 | B.
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ST. CROIX RIVER AT SWISS, WIS.

Location.—At highway bridge near post office at Swiss, Wis., 10 miles northeast of
Danbury, Minn., on Minneapolis, St. Paul & Sault Ste. Marie Railway, about 2
miles above point where St. Croix River becomes the boundary line between
Wisconsin and Minnesota. Totogatic River enters from left about 3} miles above
station. '

Records available.—March 20 to September 30, 1914.

Drainage area.—1,550 square miles.

Gage.—Cast-iron staff gage bolted to iron girder at left end of bridge; read morning
and evening to quarter-tenths. Limits of use: Hundredths below 1.0 foot, half-
tenths between 1.0 and 2.0 feet, and tenths above 2.0 feet.

Channel and control.—Gravel, smooth; grass grows in channel to some extent dur-
ing summer months and causes a small amount of backwater at gage.

Discharge measurements.—Made from upstream side of bridge.

Winter flow.—Discharge relation affected by ice which forms at the gage; estimates
based on measurements made through the ice.

Regulation.—None.

Accuracy.—Records excellent except for periods during which grass may grow in
channel; open-water rating curve corrected for backwater from grass June 19 to
September 30; maximum correction about 16 per cent.

Discharge measurements of St. Croiz River at Swiss, Wis., during the year ending Sept. 30,

1914.

Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— heizit. charge.
Feet. | Sec.t. Feet. | Sec.-ft
Mar. 13 | G. H. Canfield.........|........ a754 || Apr. 28 | J. B. Stewart.......... 3.25| 3,070
20 [..... L [+ PR, - 252 a 875 29 I..... L [ 3.60 3,450
Apr. 8|..... do....... 1.16 | 51,120 || Aug. 19 |..... d0ccacnecncncnanans 1.56 | ¢1,250

23 | M. F. Rather. 2.80 2,650

a Complete ice cover above and below gage.
b River clear of ice in vicinity of gage; frozen over a few miles downstream.
¢ Small amount of grass and moss growing on bed of river.
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Monthly discharge, of St. Croiz River at Swiss, Wis., for the year ending Sept. 80, 1914.

[Drainage area, 1,550 square miles.j

Discharge in second-feet.
' (doptiin
Month. inches on |AcCU-
. X Per drainage |8V
Maximum., | Minimum. | Mean. | square area)
mile. :
885 0.571 0.40 | D
1,930 1.25 1.40 | A
2,170 1.40 1.61 | A
, 750 1.13 1.26 | B
y .. , 2,180 1.41 1.63 | B
August...... . 1,560 1,160 1,310 .845 97| B
September. .. ..c.ocoieieiaiiaiaaans 1,640 1,160 1,430 .923 1.03 | B

ST. CROIX RIVER NEAR ST. CROIX FALLS, WIS.

Location.—At the power plant of the Minneapolis General Electric Co., on the Wis-
congin side of St. Croix River near St. Croix Falls, Wis., about 50 miles above
the confluence of St. Croix and Mississippi rivers near Hastings, Minn. Apple
River, draining an area wholly in Wisconsin, enters from the left about 20 miles
below the station; Snake River, draining an area in Minnesota, enters from the-
right, about 35 miles above the station.

Records available.—January 10, 1902, to June 30, 1905; January 1, 1910, to Septem-
ber 30, 1914. Data for 1903 published in Water-Supply Paper No. 98, pages 176~
177, under St. Croix near Taylors Falls, Minn.; daily and monthly discharge
January 10, 1902, to June 30, 1905, and January 1, 1910, to October 31, 1912, and
monthly discharge for July, 1905, to December, 1909, with the exception of nine
months, published also in report on water resources of Minnesota by the State
Drainage Commission.

Drainage area.—b5,930 square miles.

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

Accuracy.—Records have not been checked nor have discharge measurements been
made by engineers of the United States Geological Survey; probably reliable.

Cooperation.—Records furnished by the Minneapolis General Electric Co.
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Dazly dwcharge, in second-feet, of St. Croiz River near St. Croiz Falls, Wis., for the year
ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,110 | 1,030 | 1,090 | 3,310 (12,000 | 8,380 (15,000 | 3,540 | 3,220
1,560 | 1,760 | 1,720 | 3,480 (12,300 | 6,510 |14,500 | 1,640 | 3,420
1,740 | 1,740 | 1,460 | 3,400 (11,300 | 6,310 |13,100 | 2,260 | 3,350
,680 | 1,560 | 1, 3,460 (11,400 | 4,810 [11,500 | 2,240 | 3,450
1,540 | 1,700 | 1,630 | 3,910 (12,000 | 4,480 | 8,840 | 2,140 | 3,970
1,680 | 1,920 | 1,700 | 5,600 [11,900 | 4,340 | 6,820 | 2,080 | 3,270
1,820 | 1,880 | 3, 4,470 |12, 7,100 | 4,680 | 2,110
1,780 | 1,280 | 1,180 | 3,950 (11,300 | 5,670 | 4,260 | 2,410 | 3,370
2,460 | 1,670 | 1,860 | 3,440 |10,400 | 5,940 | 4,930 | 1,810 | 3,480
2,090 | 1,410 | 1,720 | 3, 9,750 | 6, 6,230 | 2, 3,580
1,650 | 1,430 | 1 3,320 | 7,390 | 6 5,610 | 3,040 | 3,250
1,870 | 1,920 | 2,110 | 1,760 | 6,990 | 5,750 | 4,960 | 3,340 | 3,050
1,670 | 1,450 | 2,160 | 3, 6,930 | 5,540 | 4,140 | 3,340 | 1,7
1,510 | 1,500 | 2,040 | 3,580 | 6,370 | 5,120 | 5,020 | 3,590 | 3,840
1,790 | 1,390 | 1,500 | 3, 6,210 | 3, 5,280 | 3,430 | 4,350
2,700 | 1,660 | 1,540 | 2,650 | 3,630 | 5,150 | 4,720 | 6,200 | 1,690 | 5,820
2,620 | 2,230 | 1,460°( 2,750 | 3,560 | 5,300 | 4,470 | 4,530 | 3,210 | 5,680
2,520 | 1,670 | 1,450 | 2 3,610 | 4,320 | 3,940 | 3,640 | 3,600 | 6,510
2,000 | 1,430 | 1,490 | 2,440 | 1,680 | 4,100 | 3,760 | 3,270 | 3,430 | 6,300
2,120 | 1,880 | 1,300 | 2, 4,680 | 4,160 | 3,570 | 3,980 | 3,510 | 4,800
1,430 | 1,510 | 1,930 | 2,770 | 7,030 | 3,680 | 4,450 | 4,190 | 3,440 | 5,660
2,000 | 1,660 | 1,070 | 1,520 | 6, 3,980 | 4,780 | 3,930 | 2,780 | 5,210
1,560 | 2,420 | 1,550 | 2,680 | 7,400 | 5,840 | 4,220 | 3,820 | 1,540 | 5,210
1,690 | 2,670 | 1,450 | 2,480 | 7,130 | 5,560 | 8,690 | 3, 2,930 | 5,520
1,610 | 1,540 | 1,530 | 2,300 | 7,290 | 5,880 {12,600 | 3,730 | 3,190 | 4,260
1,780 | 1,350 | 1,490 | 2,570 | 9,410 | 4,990 |11,400 | 2,150 | 3,180 | 4,610
2,130 | 1,390 | 1,5 2,550 | 9,590 | 4,550 [11,800 | 3,670 | 3, 3
1,670 | 1,530 | 1,310 | 2,270 /10,200 | 4,720 |14,300 | 3,100 | 3,130 | 3,670
1,510 { 1,810 |....... 1,630 {11,600 | 5,000 {15,300 | 1,920 | 2,860 [ 3,
1,580 | 1,710 |....... 3,170 |11, 8,140 (15,200 | 2,190 | 1,440 | 3,
1,680 | 2,070 |-...o.. 1320 {....... 7,920 |....... 2,540 | 2,630 |.......

Monthly discharge of St. Croiz River near St. Croiz Falls, Wis., for the year ending Sept

30, 1914. .
Discharge in second-feet.
- th in
Month. ) Per éncges on
Maximum. | Minimum. | Mean, m ma)
7,440 1,610 4,150 0. 700 0.81
4,000 ,800 3,320 - 561 .62
3,870 1,430 2,380 .401 .46
2,670 1,350 1,790 . .35
,930 1,030 1,530 . 27
3,320 1,090 2,150 .363 .42
11,600 1,680 5,310 . 1.00
12,300 3,680 | - 7,470 1.26 145
15,300 3,570 7,000 L18 1.32
15,000 1,920 , 530 .993 1.08
, 600 1,440 2,740 .462 <53
6,510 1, 4,150 . 700 .78
15,300 1,030 3,970 .669 9.09

NoTE.—Computed by e ors of the United States Geological Survey from records of daily discharge
furnished by tlga Mim?eyapo General Electric o8 v v
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NAMAKAGON RIVER AT TREGO, WIS.

Location.—At Chicago & North Western Railway bridge at Trego, Wis., about 20
miles above confluence of Namakagon and Totogatic rivers.

Records available.—March 11 to September 30, 1914.

Drainage area.—481 square miles.

Gage.—Enameled staff fastened to retaining wall, left bank of river, just above
railroad bridge; read once daily, in the morning, to quarter-tenths. Limits of
use: Hndredths below 1.0 foot, half-tenths between 1.0 and 2.5 feet, and tenths
above 2.5 feet.

Channel and control.—Heavy gravel; probably permanent.

Discharge measurements.—Made from lower chords of railroad bridge.

Winter flow.—Discharge relation affected by ice; estimates of flow based on dis-
charge measurements made through ice.

Regulation.—None; natural storage large; yearly fluctuation small.

Accuracy.—Rating curve well defined; records excellent,.

Discharge measurements of Namakagon River at Trego, Wis., during the year ending Sept.

3

Gage Dis- G Dis-
Date. Made by— height. | charge. || Date- Made by— heim. charge.
’ Feet. | Sec.-ft. Sec.-ft.
Mar. 11 | G, H. Canfield......... (a) 5264 || May 4 692
23 |..... do. ..ol 1.56 €353 || June 10 476
Apr. 10 |..... do. ...l 1.64 383 || Aug. 5 472
22 | F. M. Rather.......... 2.10 673

@ Gage not installed until Mar. 23.
b Measurement made under complete ice cover. ;
¢ Measurement made from bridge 150 feet below gage; very little ice near gage.

Daily gage height, in feet, of Namakagon River at Trego, Wis., for the year ending Sept. 30
1914. )

[R. A. Krenz, observer.]

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.65 | 2.25| L7 2.6 1.75 1.8
1.7 2.25) 1.7 2.6 175 1.85
1.65 ) 2.15| L7 2.6 L7 2.0
1.6 2.15| 1.8 2.4 1.8 2.0
1.6 | 2.1 | 1.8 | 23 | L8 1.8
155 | 2.1 1.75| 2.3 1.75 1.75
1.6 2.1 1.8 2.1 L7 1.75
1.6 2.15| 1L.75| 2.0 175 1.75
1.55 | 2.2 1.8 1.6 1.75 1.75
1.55| 2,15} 1L75| 1.6 175 175
1.55 | 2.15| L75] 1.3 1.75 2.0
1.6 2.1 1.7 2.0 1.8 1.8
1.55 | 2.05| 1.65| 2.5 1.85 1.8
1.6 2.0 1.7 2.5 18 1.9
1.65 | 2.0 1.65 | 2.4 1.8 1.75
1.65 |....... 175 2.35| 1.8 175
1.7 1.9 1.7 2.35| 1.8 2.0
1.7 1.9 1.751 2.35| 1.8 2.0
2.0 1.9 1.751 2.3 1.8 2.0
2.0 1.9 175 2.3 1.8 2.1
2.1 2.0 L7 2.3 1.8 2.0
........ 2.1 2.15| L75| 2.0 1.8 2.1
1.55 | 2.1 2.15| 1.7 1.7 1.8 2.1
2.0 2.0 2.1 2.1 1.7 1.9 2.0
1.55 | 2.1 2.0 2.3 .75 19 2.0
1.5 2.1 1.95| 2.8 2.0 1.8 1.8
1.1 2.15| 19 2.35 | 2.0 1.8 L75
1.5 2.2 1.8 2.6 1.75 | 1.8 1.75
1.55 | 2.3 1.95| 2.6 1.7 1.8 1.7
1.7 2.3 1.8 2.55 1 1.7 1.75 L7
1.65 f....... 1.8 jeeeen-. 1.6 1.8 |eeee-.s

Norte.—Discharge relation affected by ice about Mar. 23-31.



110 SURFACE WATER SUPPLY, 1914, PART V.

. Daily dwcharge, in second-feet, of Namakagon River at Trego, Wis., for the year ending
Sept. 30, 1914.

Day. Apr. | May. | June.| July. | Aug. | Sept. Day. Aj)r. May. | June.| July. | Aug. | Sept.

417 11,020 | 444 472 838 | 472 444

417 |1,0; 444 502 838 | 472 597

417 (1,020 | 417 597 838 | 472 597

472 | 873 | 472 597 803 | 472 597

472 472 472 803 | 472

444 | 803 | 444 444 803 | 472 597
664 4 444 597 | 472

§8%% 2H33% 288332
3

597 873 | 472 444 417 | 444 417
369 | 472 ......
@ Interpolated.
Nore.—Daily discharge oomputed from a rating curve well defined between 332 and 733 second-feet (gage
heights 1.5 andz 2 feet). Di estimated, because of ice, from gage heights, observer’s notes,

dischar;
measurements, and climatic recor ,as follows: Mar. 11-20, 310 second-feet; and Mar. 21-31, 375 second- feet

Monithly discharge of Namakagon River at Trego, Wis., for the year ending Sept. 80, 1914.
[Drainage area, 481 square miles.]

Discharge in second-feet.
Soptin [
ccu-
Month. Per es on |racy.
Maximum. | Minimum. | Mean. sqthage drainage).
mile.
344 0.715 0.56 | B.
498 1.04 1.16 | A,
619 1.29 1.49 | A,
538 1.12 1.25 | B.
672 1.40 1.61 ] A,
468 .973 .12 | A,
520 1.08 1.20 | A,

YELLOW RIVER AT WEBSTER, WIS."

Location.—At Minneapolis, St. Paul & Sault Ste. Marie Railroad bridge, 1 mile
north of Webster, Wis.; about 2 miles above Yellow Lake, and 10 mlles above
mouth of river.

Records available.—March 21 to September 30, 1914,

Drainage area.—228 square miles.

Gage.—Vertical staff fastened to piles supporting timber bed and trestle, left bank
of the river; read daily, morning and evening, to quarter-tenths. Limits of use:
Hundredths below ‘3.0 feet, half-tenths between 3.0 and 4.0 feet, and tenths
above 4.0 feet.

Channel and control.—Bed of river consists of gravel. Grass grows during open-
water season. '

Discharge measurements.—Made from one-span highway bridge about 600 feet
below railroad bridge; low-water measurements can be made by wading.

Winter flow.—Discharge relation affected by ice; discharge is estimated from
measurements made through the ice.

‘Regulation.—None.

-Accuracy. -—Gage—helght record reliable; discharge relation affected durmg summer
by growth of grass in the river.

Data insufficient for estimates of discharge.
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Discharge measurements of Yellow River at Webster, Wis., during the year ending Sept.

30, 1914.
. e | Dis- Gage | Dis-
Date. Made by— hgizit. charge. || Date. Made by— height. | charge.
Feet. | Secft. Feet. |Sec.t.
Mar. 12 | G. H. Canfield.........|........ a153 |[ Apr. 23 | M. F. Rather........... 1.00 283
21 |..... L3 [ TR 1.92 5198 29 | J. B. Stewart. ... 142 305
Apr. 7|..... L 1+ S .68 184 || Aug. 19 |..... {4 1 O 1.20 c157

a Measurements made under complete ice cover. Gage not installed until Mar. 21.
b Partly open at bridge, complete ice cover 100 feet below gage. .
ic Measurement made by wading at a section about 100 feet below gage; large amount of grass growing in
river.

Da:ly gage height, in feet, of Yellow River at Webster, Wis., for the year ending Sept. 30,
1914.

[Hans Wester, observer.]
Day. Mar. | Apr. | May. | June. | July. | Aug Sept.

0.85 1.24 ( 0.55( 2.32 1.06 1.61

.80 1.15 .52 2.31 1.02 1.76

.82 1.14 .55 2.24 1.00 1.78

.80 1.20 L0 2,21 .98 1.75

.78 1.14 .72 2.15 .94 175

.72 1.02 .78 2.05 .95 1.74

.68 .96 .76 194 .92 1.7

.66 .92 .76 1.77 .91 1.69

.64 .86 .76 1.60 .96 1.66

.62 .82 72 1.45 1.00 1.72

64 .80 70| 132 1.00 1.68

62 .78 65 1.24 1.00 1.65

.62 .75 62 1.19 1.14 1.68

.70 72 1.12 1.09 1.70

60 .68 82 1.09 1.09 1.70

64 .65 781 112 1.12 1.68

64 .62 75 1.08 1.12 1.65

70 .58 74 1.05 1.20 1.65

1.08 .55 82 1.06| 1.20 1.64

1.04 .56 .88 1.08] 1.28 1.62

21 1.92| 1.05 .70 .88 1.06 | 1.24 1.60
22 1.92] 102 .78 921 110 1.24 1.61
23 1.92 .98 .75 .88 1.18 1.35 1.61
2 1.82 1.05 .72 1.58 1.20 1.39 1.62'
25. 1.20| 116 .72 1.72 1.20] 1.45 1.60
26. 1.25 112 .66 1.84 1.18] 150 1.59
27. 1.00| 1.10 .62 2.28 1.19 1.49 1.55
28. .95 1.28 .62 2.38 1.16 | '1,52 1.52
29... .90 | 1.42 .68 228} 1.10| 1.50 1.49
30... .88 1.35 .62 2.18 1.05 1.58 1.4
31 W85 |aea.. W56 ). 1.08 1 1.59(........

Nore.—Discharge relation affected by ice about Mar. 21-27.
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KETTLE RIVER NEAR SANDSTONE, MINN.

Location.—At the quarries of the Barber Asphalt Co. at Banning, Minn., 3 miles
above Sandstone; no tributaries within several miles.

Records available.—October 18, 1908, to September 30, 1914.

Drainage area.—825 square miles.

Gage.—Staff gage in two sections fastened to vertical rock wall; read once daily to
quarter-tenths. Limits of use: Hundredths below 0.0, half-tenths between 0.0
and 3.5, and tenths above 3.5 feet. Gage datum subsequent to April 25, 1912,
may differ not more than about 0.02 feet from datum used in previous years.

Channel and control.—Bedrock; permanent.

Winter low.—The gageis 50 feet above decided rapids which freeze during extremely
cold weather and cause backwater. The published discharge for period when
rapids were frozen has been based on gage heights, climatic data, and a com-
parison of records of flow of the Rum and the Snake.

Regulation.—Nearest dam, which is at Sandstone, 3 miles below, does not affect
flow at station.

Cooperation.—Station maintained in cooperation with Kettle River Co.

Discharge measurements of Kettle River near Sandstone, Minn., during the year ending
Sept. 80, 1914.

Date. Made by— nelghe.| charge. | Date: Made by— hojght. | charge.

: - Feet. | Sec.ft.

May 5 June 29 6.4 5,290
June 25 30 6.2 4,840

Note.—Measurements made from bridge about one-half mile above gage.

Daily gage height, in feet, of Kettle River near Sandstone, Minn., for the year ending Sept.
30, 1914. .
[F. L. Betts, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
19| 23 | 2.3 |....... 1.4 |e...... 2.0 | 45 | 44 | 6.1 1.6| 23
L9 2.3 2.3 1.2 1.4 1.4 2.05| 4.5 4.0 6.0 1.6 2.3
1.9 2.25( 225 1.2 |.......|ee..... 21 | 45 | 3.6 | 5.8 1.5| 23
19| 2.25| 2.25|....... 1.4 | 1.2 | 222 | 45 | 8.3 | 53 L5 2.3
L9 2.2 2.2 L3 |eeeeec]encenns 2.3 4.8 3.7 4.8 1.5 2.3
1.91 2.2 2.2 fe...... 1.35| 1.2 2.2 4.6 4.1 4.3 1.5 2.2
L9| 2.2 2.1 1.35 | 1.35| 1.2 2.15 | 4.5 4.1 3.9 1.41.......
221 225 2.1 |oo...ifeeeeoideeannen 2.1 | 43 | 43 | 3.3 1.41.......
3.0| 2.3 20 1.4 1.35 | 1.25| 2.1 4.2 4.4 3.1 1.4 2.0
3.0 23 | 2.0 | 2.4 j.eoifeeninnn 20 | 40 | 45 | 2.8 25| 19
3.0| 2.25| 1.9 | 2.6 | 1.4 | 1.25| 20 | 3.8 | 43 | 2.8 2.71 1.8
3.0 2.25| 1.9 | 2.6 |.cceeief|oeennnn 2.05| 3.6 | 40 | 2.65| 2.6 1.8
3.0 2.2 | 1.8 | 2.5 1.4 | 1.3 | 2.1 | 35 | 3.8 | 255| 24| 18

-3.0| 2.2 1.8 | 24 | 1.4 | 1.3 | 23 | 3.35| 3.45| 256 23| 22
3.0| 2.15| 1.8 16 |eeeeeii]ennnnn. 2.45| 3.2 3.5 2.5 2.2 2.6
3.0| 21 1.8 1.3 1.4 1.4 2.55 | 3.1 3.5 2.5 2.0 2.7
2.9 2.1 1.8 ) 7 T PO P 2.75 | 2.9 3.2 2.4 2.1 2.8
2.9 2.1 1.8 | 13 1.35| 23 | 2.8 | 2.6 | 3.2 | 23 2.4 3.0
281 20 | 1.8 | L3 [.......l...... 3.0 | 255 3.2 | 2.2 2.4 3.0
2.7 20 | 1.8 |....... 1.4 [ 21 | 8.2 | 26 | 3.3 | 2.1 23| 3.0
2.6 2.0 |. 3.2 | 36 | 40 | 20 2.2 29
2.5 2.1 3.1 | 3.6 3.8 | 20 2.1 29
2.5 2.3 3.15| 3.5 | 3.6 | 2.0 19| 28
2.4 2.3 3.2 | 34 | 3.6 | 20 L8| 2.6
24| 23 3.3 | 345) 3.7 | L9 L7 2.4
2.4 2.25 3.4 | 33| 3.6 | 1.9 L9 2.2
2.4| 2.25 34 | 40 | 3.6 | L9 L9| 22
2.4| 2.3 36 | 40 | 6.4 | 1.9 2.0( 2.2
2.3| 2.3 44 | 48 | 6.7 | L8 2.0 2.15
2.3 2.3 4.5 | 47 | 6.2 | 18 2.21 2.15
2.8 ).ccee.d] L2 | L8 || LTB....... 4.7 |eeeee.. L7 2.2 |...... .

Nore.—Discharge relation affected by ice about Jan. 1 to Mar. 8.

P
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Daily discharge, in second-feet, of Kettle River near Sandstone, Minn., for the year ending *

Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan., | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
330 | 2,200 | 2,090 | 4,660 | 186 465
352 | 2,200 | 1,700 | 4,480 [ 186 465
375 12,200 | 1,340 { 4,120 | 160 465
| 420 | 2,200 | 1,090 | 3,300 | 160 465
| 465 | 2, 1,430 | 2,580 | 160
1420 [ 2,320 | 1,800 | 1.990 | 160 420
1398 | 2,200 | 1,800 | 1.610 | 136 390
375 | 1,990 | 1,990 | 1,090 | 136 360
375 11,800 | 2,090 | 935 | 136 330
330 | 1, 2,200 | 768 | . 565 288
330 | 1,520 | 1,990 | 735 | 675 250

1340 | 1,700 288 | 330 | 420
2,090 580 | 5.770 250 330 398
2]200 | 2,440 | 4, 250 | 420| 308
S 20 |0 216 | 420 |.......

Note.—Daily discharge, except as noted below, computed from a rating curve well defined between 90
and 5,960 second-feet (gage heights,1.2/and 6.8 feet). Discharge estimated, because of ice, from ga%eheights
climatic records, and discharge of Rum and $nake rivers, as follows: Jan. 1-31, 90 second-feet; Feb. 1-28,
75 second-feet; Mar, 1-8, 90 second-feet. For‘days when gage was not read, discharge was interpolated.

Monthly discharge of Keitle River nealr Sandstone, Minn., for the year ending Sept. 30,

| 1914.
[Drainage area, 825 square miles.]
Discharge in second-feet. gmﬁl off
+ epth in
Month, . “ Per g.nc 105 On ‘27;:‘;'
Maximum. | Minimum, | Mean. | square d;?g;‘;'g"
; mile. .

865 288 583 0.707 0.82 | B.
465 330 424 .514 57 1AL
465 ( 262 1318 37| B
SR T IO i 90 2109 13 D
................. I 75 1091 109 | D
465 |.......... ; 180 .218 .251C.
2,200 33l 760 921 1.03 | B.
2,580 5 1,600 1.94 2.24 | B.
5770 1,01 1880| 228 2.54 | A.
4,660 21 1,100 1.33 1.53 | A.
675 13 339 .411 47 | A.
865 25| 514 .623 70 | A.

5,770 |.oenn..... ] 653 792 10.74

97825°—wsPp 385—15——8
|
|
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SNAKE RIVER NEAR PINE CITY, MINN.

Location.—At the Changwatana power station, of the Eastern Minnesota Power Co.,
2 miles below Pine City.

Records available.—June 26, 1913, to September 30, 1914.

Drainage area.—915 square miles.

Gage.—Staff gage attached to stone retaining wall in front of power plant; read about
eight times daily to hundredths. Also staff gages in the fore bay and tailrace
read every few hours to determine the head on the wheels in the power plant.

Channel and control.—Practically permanent.

Discharge measurements.—At low and medium stages made by wading at various
points near by; at high stages from bridge about 1,800 feet above gage.

Determination of flow.—Made by adding to the flow through the turbine the flow
over the crest of the dam as determined from readings of the staff gage. The
flow through the turbines is computed from hourly record of gate openings and
head.

Winter flow.—During the winter the volume of flow is so small that all the water
goes through the wheels and is estimated from gate openings and head.

Regulation.—Power plant at station is operated with a varying light and power load,
causing some fluctuation in discharge at low stages. No appreciable regulation
above plant.

Accuracy.—Conditions favorable for estimating the waste by means of the river gage,
but estimates of flow through the wheels are probably not so good. However, in
view of the fact that they are based upon 24 readings of the gate opening daily,
the records should be fair to good, the accuracy increasing with the stage.

Cooperation.—The station is maintained in cooperation with the Eastern Minnesota
Power Co.

Daily discharge, in second-feet, 6f Snake River near Pine City, Minn., for the year ending
Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
364 428 77 55 62 578 | 1, 709 | 4,100 193 399
221 320 419 112 8 73 637 | 1,700 683 | 4,140 148 390
191 403 420 117 89 82 664 | 1,710 653 | 4,040 205 379
187 365 432 62 83 85 675 | 1,770 570 | 3,840 156 340
137 347 404 77 73 101 703 | 1,820 522 | 3,480 186 329
204 339 405 68 66 101 815 | 1,980 529 | 3, 192 281
224 384 296 9 54 103 782 | 2,070 524 | 2,520 174 274
184 402 224 115 52 69 748 | 2,180 593 | 2, 173 292
255 344 276 121 42 103 696 | 2,170 632 | 1,680 132 276
433 | 376 115 45| 103| 6352020 593)1,380| 206| 264
532 379 279 59 33 101 597 | 1,470 581 | 1,150 189 275
540 273 98 41 102| 487711,680| 570 964 | 202 221
722 396 261 112 41 100 1,480 541 839 204
846 376 162 109 42 105 478 | 1,300 468 263
937 347 238 119 41 472 | 1,150 500 | ~592 215 456

316 | 230 115 43 132 446 | 1,000 492 539 609
312 214 111 193 456 883 427 475 226 945
290 207 44 532 797 417 4061 270 | 1,030
208 102 46 265 515 731 274 | 1,260

256 | 215 102 47 338 633 625 381 370 1,200
110 52 356 742 593 311 320 244 1,190

285 178 15 49 788 | 5857 333 291 264 | 1,110
201 115 50| 393 824 617 446 | 308 | 231 937

336 201 1 58 352 585 287 | 258 858
71 83 350 896 647 924 | 261 238 5

367 122 332 881 | - 637 | 1,300 185 260 667
387 142 350 926 | 56911,970 | 241 267 563
401 66 982 519 | 2, 235 289 556
410 114 357 | 1,130 655 13,220 | 203 289 512
349 123 503 | 1,340 614 13,780 | 207 257 452

&
S
g
g
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1
Monthly discharge of Snake River maﬁ Pine City, Mﬁm ,Jor the year ending Sept. 30, 1914.

[D: © area, 915 squarf; miles.
1 I
‘ Discharge in second-feet. Run-off
depth in
Month, Per | incheson “::gu-
aximum.| Minimum. | Mean. | square | drainage ¥
mile. area).
937 137 482 0.527 0.61 | B.
410 255 347 .379 42 | B.
432 66 235 .257 30 | B.
1 59 97.8 .107 12 | B.
89 54.6 . 060 06 | B.
563 62 222 .243 28 | B.
1,340 446 713 779 87 | B.
2,180 519 | 1,190 1.30 1.50 | B.
3,780 | 311 . 966 1.08 | B.
4,140 185 1 1,270 1.39 1.60 | B.
9 132 227 .248 29 | B.
1,260 204 579 .633 71| B.
4,140 33 528 577 7.84

APPLE RIVER NEAR SOMERSET, WIS.

Location.—At the power plant of the St. Croix Power Co., 3} miles below Somerset,
Wis., and 2 miles above the mouth of the river.

Records available.—January, 1901, to June 30, 1914, estimate of monthly discharge;
July 12 to September 30, 1914, daily discharge.

Drainage area.—550 square miles.

Gage.—Vertical staff; not used in determination of flow.

Discharge.—Thedischarge of the turbinesin second-feet corresponding to the number
of kilowatts is determined for each hour during the day from arecord of the number
of wheelsin operation and the load; the sum of the discharges divided by 24 gives
the average discharge through the turbines. To this quantity isadded the leakage
through the average number of wheels idle each day, the sum giving the daily
flow through the power house. Water is seldom wasted over the spillway of the
dam, but when it is so wasted the quantity is computed from weir formulas and
added to the flow through the plant. There is a constant leakage through dhe
gate and flashboards amounting to about 3 second-feet. This quantity has not
been taken into consideration in computing the published records.

Regulation.—There are a number of power plants on Apple River above station.
The pondage at these plants is small, and though the daily low may be controlled
to some extent, the mean monthly flow probably corresponds closely to the natural
flow.

Accuracy.—From 1901 to 1909 the discharge through the plant was determined from
tables computed from data collected at tests on one of the turbines made at the
flume of the Holyoke Water Power Co., Holyoke, Mass. During the summer of
1909 engineers of the St. Croix Power Co. made tests on the water flowing through
all the wheels as actually installed, by means of a sharp-crested weir 710 inches
long located about 60 feet below the power house. These tests gave results about
3 per cent larger than the Holyoke tests, and tables based on them have been used
in determining the discharge through the plant from 1909 to date. During June,
1914, a series of current-meter measurements were made by the Wisconsin Rail-
road Commission and the United States Geological Survey and a rating curve for
the tailrace was developed. Twelve tests were then run with different wheels
and loads. It was found that the discharge as determined by the current meter
and the discharge as computed by the company agreed very closely, the percentage
difference for the twelve tests ranging from —6.4 per cent to 1.8 per cent, with
an average of —2 per cent, the discharge as determined by the company being 2
per cent less than that determined by the current meter.

Cooperation.—Records furnished by the St. Paul Gas Light Co., of St. Paul,
Fred A. Otto, superintendent.
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Daily discharge, in scamd feet, of A}g»le River near Somerset,” Wis., for the year ending
e

pt. 30, 1914.
Day. July. | Aug. | Sept. Day. July. | Aug. | Sept.
316 120 433
289 250 7
325 190 411

Monthly discharge of Apple River near Somerset, Wis., for the years ending Sept. 30,
1901-1914.

[Drainage area, 550 square miles.]

Discharge in second-feet.

Accu-
Month. ) Per du:: es on 805,
Maximum. | Minimum, | Mean. | squate ‘“:§°
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Monthly discharge of Apple River near Somerset, Wis., for the years ending Sept. 30,

1901-1914—Continued.

Discharge in second-feet. Run-off
(depth in
Month. Per | inches on ‘}acg;,l
Maximum. | Minimum.| Mean. | square | drainage
mile. area).

623 1.13 1.30
360 .655 .73
317 .576 .66
392 .73 .82
314 571 .62
406 .738 .85
729 1.33 1.48
633 1.15 1.33
593 1.08 1.20
450 .818 .94
316 .575 .66
508 .924 1.03
470 .855 11.62
550 1.00 1.15
459 .835 .93
321 .584 .67
328 .596 .69
319 .580 .60
406 .738 .85
443 . 805 .90
420 . 764 .88
1,030 1.87 2.09
532 .967 1.12
424 .77 .89
545 .991 111
481 .875 11.88
490 .891 1.03
425 773 .86
392 713 .82
348 .633 .73
327 .595 .62
367 .667 W77
881 1.60 1.78
1,000 1.82 2.10
732 1.33 1.48
452 .822 .95
506 .920 1.06
501 W011 | 1.02
535 .973 13.22
463 .842 .97
536 .975 1.09
436 .793 .91
354 .644 .74
350 .636 .66
706 1.28 1.48
657 1.19 1.33
418 .760 .88
382 | .69 .78
520 .945 1.09
322 .585 .67
416 . 756 .84
463 .842 11.44
343 .624 .72
312 .567 .63
272 .495 .57
262 .476 .56
277 .504 .54
373 .678 .78
478 .869 .97
688 1.25 1.44
784 1.43 1.60
435 .791 .91
255 .464 .53
226 .411 . .46
392 .73 9.70
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Monthly discharge of Apple River near Somerset, Wis., for the years ending Sept. 30,
1901-1914—Continued.

Discharge in second-feet. Run-oft
(depth in ~
Month. Per inches on ‘:;f“
Maximum. | Minimum.| Mean. | square | drainage |"2¢Y°
mile. area.)
428 210 291 .529 .61
7 241 261 475 .53
316 166 257 .467 .54
300 187 251 .456 .53
198 252 .458 .48
431 248 301 547 .63
803 254 503 .915 1.02
841 353 530 964 1.11
1,060 272 469 .95
281 176 246 447 .52
449 229 285 518 .60
232 313 569 .63
1,060 166 330 600 8.15
427 241 317 .576 66
595 331 448 .815 91
603 219 381 .693 80
352 313 66
398 207 285 .518 54
549 270 409 LT44 .86
398 181 279 . 507 57
364 38 233 .424 49
131 202 .367 41
219 56 150 .273 31
21 60 151 .275 32
266 7 166 . 302 34
38 278 . 505 6.87
204 141 211 .384 .44
306 112 197 .358 .40
258 136 187 .340 .39
250 150 201 .365 .42
285 195 224 .407 .42
300 120 245 445 .51
540 210 285 ' .518 .58
320 180 240 .436 .50
290 140 224 407 .45
220 120 165 .35
205 140 178 324 .37
290 160 226 411 .46
540 112 215 391 5.29
890 240 472 . .99
350 190 260 .473 .53
310 190 327 .595 .69
255 145 215 .391 .46
250 175 208 .378 .41
485 135 240 .436 .50
640 275 450 .818 .91
930 340 615 1.12 1.29
550 240 335 .609 .68
355 50 238 .433 .50
415 50 248 .451 .52
440 170 300 545 .61
930 50 326 593 . 8.08
320 170 266 484 + 56
300 100 230 .418 .47
280 100 230 .418 .
280 90 208 .378 4
250 160 202 2367 .38
830 160- 344 .625
910 320 590 07 1.19
610 280 382, .695 . )
450 160 264 . 480 .
350 *50 237 .431
420 60 245 .445 .51
280 130 233 ~. 424 47
910 50 286 .520 7.08
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Monthly discharge of Apple River near Somerset, Wis., for the years ending Sept. 30,
1901-1914—Continued. :

Discharge in second-feet. Run-off
(depth in
Month, Per | incheson |ACCU-
Maximum. | Minimum.| Mean. | square | drainage .
mile. area).
315 140 247 .449 52
195 242 .440 49
370 170 232 .422 49
300 150 216 .393 .45
150 200 .364
310 150 240 .436 50
540 200 314 571 64
520 180 314 571 66
870 376 684 76
708 204 328 .596 69
120 226 .411 47 | A
433 242 306 .556 62| A
870 120 270 .491 6.67

Nore.—Records furnished by the St. Paul Gas Light Co. Maximum and minimum discharge from Jan-
uary, 1901, to December, 1904, not available. Records from Jan. 1, 1911, to July 31, 1914, obtained from _
monthly hydrographs furnished by the St. Paul Gas Light Co. Estimates for August and September;
1914, were obtained from daily records taken at the power house. See ‘ Discharge’’ and ‘ Accuracy’
in station description.

CANNON RIVER AT WELCH, MINN.

Location.—At highway bridge at Welch just below a very small tributary and 3 miles
above the mouth of Belle Creek.

Records available.—June 7, 1909, to January 14, 1914, when station was discon-
tinued. '

Drainage area.—1,290 square miles.

Gage.—Chain gage attached to bridge; read daily, morning and evening, to quarter-
tenths. Limits of use: Hundredths below 5.5, half-tenths between 5.5 and 7.0,

" and tenths above 7.0 feet.

Channel and control.—Practically permanent. .

Winter flow.—Discharge relations affected by ice during winter months.

Regulation.—Flow regulated more or less by each of the 11 power plants above and
also by a dam at the outlet of Cannon Lake.

Maximum flow.—In April, 1888, the high water reached the eaves of the wheel
house at the mill, 20.1 feet above the datum of the present gage. It is said that
this high water was not caused by ice gorging.

Accuracy.—The angle made by the current at the station necessitates a correction,
and owing to the daily fluctuation during low stages caused by artificial regulation
records are only fair.

No discharge measurements were made during the year.
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Daily gaye height, in feet, of Cannon River at Welch, Minn., for the period Oct. 1, 1918,
- : to Jan. 14, 1914.

[Esther Norell, observer.]

Day. Oct Nov. | Dec. Jan, Day. Oct. | Nov. | Dec. Jan,
5.55 5.55 4.98 5.05 116 ............ 5.20 5.13 5.04
5.42 5.24 5.08 5.09 || 17 .. .coiiiaaas 5.27 4.95 4.84 |.
5.22. 5.09 5.27 5.79 || 18 .ciiiiiiiat. 5. 5.13 4.83 |.
5.39 4.95 531 476|119, ... . ....... 5.18 5.14 5.32 |.
5.33 5.01 5.38 501 [ 20+ ..ceeoiinaans 5.14 5.18 5.46
5.17 5.27 5.31 4.91 || 21, ... 5.17 5.19 5.55
5.33 5.21 5.33 5.23 || 22....caiio.... 5.31 5.13 5.22 |.
5.36 5.15 4.98 5.28 |1 23.....o.i.. 5.17 5.19 5.07 |.
5.32 5.25 5.24 5.35 || 24.. ..ol 5. 4.94 5.28 |.
5.35 4.95 5.18 5.24 || 25. ... . ...l 5.16 5.14 4.81
5.39 4.95 5.10 5.24 || 26............... 5.16 5.22 4.73
5.21 5.23 5.17 5.01 || 27 ..ol 5.06 5.08 5.03 |.
5.18 5.13 5.16 5.39 1| 28. ...l 5.10 4.93 5.00 |.
5.27 5.02 5.07 540 |29, .ooiiiiials - 5.15 4.97 5.03 |.
5.17 5.10 4.96 |........ 30 iiaeaaaan 5.15 4.98 4.96 |.

23 5.10 f........ 5.16

NotE.—Discharge relation probably affected by ice Jan. 3, 13, and 14.

Daily discharge, in second-feet, of Cannon River at Welch, Minn., for the period Oct. 1,
1918, to Jan. 14, 1914.

Day. Oct. | Nov. | Dec. Jan. Day. Oct. | Nov. | Dec. Jan.

195 195 70 72 110 96
161 119 87 88 125 66
114 88 125 a 60 121
154 66 134 42 106 98
139 75 151 75 98 106
104 125 134 60 104 108
139 112 139 117 134 96
146 100 70 128 104 108
137 121 119 144 110 64
144 66 106 119 102 98

b 154 66 92 119 102 114
112 117 104 75 83 87
106 96 102 a75 90 62
125 76 85 a75 100 68
104 90 67 |..o.ono. l% 70

a Estimated.

Nore.—Daily dischargeromputed from a fairly well defined rating curve. See ‘‘Accuracy’’ in station
description.

Monthly discharge of Cannon River at Welch, Minn., for the period Oct. 1, 1918, to Jah.

14, 1974
Discharge in second-feet.
Month, Argcol;-. .
Maximum. | Minimum.| Mean.
195 83 120 '} B.
195 62 95.0 | B.
195 40 99.4+ B.
14 42 89.2 | C.
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CHIPPEWA RIVER AT BISHOP'S BRIDGE, NEAR WINTER, WIS.

Location.—Near highway bridge about 3 miles downstream from the East Fork of
Chippewa River (coming in from the left) and 4 miles by road northwest of Winter,
Wis.

Records available.—February 23, 1912, to September 30, 1914,

Drainage area.—775 square miles.

Gage.—Metal staff gage fastened to a woodén pier on the right bank immediately
above the bridge installed on January 27, 1914; zero 3.44 feet below the zero of the
wooden staff gage used February 23, 1912, to January 27, 1914. Gage read once
daily prior to January 27, 1914; after that date daily, morning and evening, to
quarter-tenths. Limits of use: Hundredths below 4.0 feet, half-tenths between
4.0 and 6.5 feet, and tenths above 6.5 feet.

Discharge measurements.—Made from upstream side of highway bridge imme-
diately below gage. ‘

Winter flow.—Determined from discharge measurements made through the ice.

Regulation.—No dams for storing water are now in operation above station.

Accuracy.—See footnotes to tables of daily gage height and daily discharge.

Cooperation.—Records from February 23, 1912, to January 27, 1914, furnished

* through the courtesy of the Chippewa & Flambeau Improvement Co., which has
also paid the gage reader to date.

Discharge measuremerits of Chippewa River at Bishop’s bridge, near Winter, Wais., during
the years ending Sept. 80, 1912-1914.

Ga C) Dis- Gage | Dis-
Date. | Madeby-— t.| charge. || Date. Made by— height. | charge.
1911-12, ; Feet. | Sec.ft. || 1913-14. Feet. | Sec.-ft.
Feb. 23 | J. A. Cutlera........ L] 5.64 5200 || Dec. 4 | Stewartand Hoyt. 5.62 1,
July 9| C.B. Stewarta........ 4,44 358 || Jan. 27 | H. C. Beckman. 5.50 b
Mar. 6| O. A. Steller.... 5,57 b244
1912-13. May 2 | M. F. Rather. 7.65 | 43,190
May 4| C.B. Stewarta ........ 6.29 | ¢1,820 | June 2|..... do..eaannnn ...l 5.70 1,110
July 6 |..... doa. ............. 6.17 1,650 || Sept. 16 |..... [ 1 R 5.65 | 1,060

a Measurements made for Ch: Mppewa & Flambeau Improvement Co. by and under directfon of C. B.
Stewart, consulting engineer, Madison, W

b (,omplete ice cover.

¢ Open channel; results approximate only.

d Logs on control.

Daily gage height, in feet, of Chippewa River at Bishop’s bridge, near Winter, Wis., for the
years ending Sept. 30, 1912-1914.

[John Edberg, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
5.55 | 5.9 6.15 | 5.95| 4.7 4.25 5.15
5.55 | 5.9 6.1 5.9 4.65 | 4.25 5.15
5.55 | 5.9 6.2 | 59 | 4.65| 4.2 5.15
5.55 | 5.95| 6.6 5.75| 4.6 4.2 5.15
56 [¢5.02( 6.8 5.7 4.5 4.25 5.2
5.6 5.95( 6.9 5.55 | 4.4 4.3 5.15
56 | 5.95| 6.9 55 | 4.4 | 4.35 5.1
56 | 5.7 6.9 5.45 | 4.45| 4.35 5.05
5.65 | 5.85| 6.9 5.4 4.45 | 4.6 5.0
5.6 5.9 6.7 5.3 4.45| 5.0 5.0
56 | 595 6.7 5.2 | 4.45| 5.1 4.95
5.6 6.0 6.6 5.15| 4.45| 5.35 4.85
5.6 6.05| 6.3 5.1 4.4 5.4 4.85
5.55 | 6.1 6.05| 505 4.4 5.4 4.85
5.55| 6.2 | 6.0 5.25 | 4.4 5.35| 4.8
5.557 6.2 | 5.9 5.45| 4.35| 5.45 4.9
5.6 6.2 5.8 5.5 4,35 | 5.6 4.9
5.6 6.15 (. 5.7 5.5 4.3 5.55 4.95
5.65| 6.15| 5.6 5.55 | 4.3 5.45 4.95
5.65| 6.05! 5.6 5.55 | 4.25| 5.25 4.9
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Daily gage height, in feet, of Chippewa River at Bishop’s bridge, near Winter, Wis., for the
years ending Sept. 30, 1912-1914—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1913-14.

.............. 5.3 565 525! 55 5.5 5.6 6.3 5.8 5.9 5.7 5.45 6.25
b7 O, 5.4 5.7 5.35) 6.5 5.5 5.85| 6.4 5.76 | 6.2 5.7 5.4 6.2
P R, 5.45 | 5.7 5.65 | 5.55| 5. 5.8 6.7 5751 6.25| 5.65| 5.35 6.15
29 ieiiiii... 5.5 5.7 595 5.6 |.......| 5.8 7.1 6.0 6.3 5.6 5.3 6.05
30, i 5.55 | 5.7 6.15| 5.6 |....... 5.5 7.3 6.0 6.35| 555 5.25 5.95
) 56 |.......|] 6.35| 5.55|....... 4.75 \....... 5.9 f.eeee.. 5.5 5.2 o......

a Drop caused by going out of ice.

Nore.—Discharge relation Krobably affected by ice about Feb. 23 to Apr. 7, 1912, Nov. 28, 1912, to Apr.
12, 1913, and Dec. 21, 1913, to Apr. 10, 1914, Discharge relation affected by backwater from a log jam about
Apr. 29 to May 12, 1914,

Daily discharge, in second-feet, of Chiioé)e'wa Ruver at Bishop’s bridge, near Winter, Wis.,
Jor the years ending Sept. 30, 1912-1914.

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

1911-12.

1
2
1
1
1
2
2
3
3
2,

B388% B33BY 23888

Rt
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Daily discharge, in second-feet, of Chippewa River at Bishop’s bridge, near Winter, Wis.,
Jor the years ending Sept. 30, 1912-1914—Continued.

)

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

33888 23888

OONWEL =g

gEges gezas

e Estimated on account of ice.

Note.—Daily discharge comButed from a rating curve well defined between 350 and 2,140 second-feet
g’gagelhelghts 4.4and 6.5 feet). Daily discharge, Apr. 29 to May 12, 1914, estimated on account of backwater
om log jam. )

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records as follows: Dec. 21-31, 1913, 530 second-feet; Jan. 1-10, 1914, 507 second-feet; Jan. 11-20,
399 second-feet; Jan. 21-31, 353 second-feet; Feb. 1-10, 280 second-feet; Feb. 11-20, 238 second-feet; Feb.
21-28, 240 second-feet; Mar. 1-10, 245 second-feet; Mar. 11-20, 265 second-feet; Mar. 21-31, 329 second-feet
and Apr. 1-10, 1914, 406 second-feet.
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Monthly discharge of Chippewa River at Bishops bridge, near Wmter, Wis., for the year
ending Sept. 30, 1912-1914.

[Drainage area, 775 square miles.]

Discharge in second-feet.
iy
epth in
Month. P inches on Accu-
Maximum. | Minimum.| Mean squeal.‘re drainage raey.
mile. area).
1911-12.
A.
B.
A.
A.
B.
B.
B.
B.
C.
A.
A.
A.
B.
B.
1913-14.
926 1.19 1.37 | A.
965 1.25 1.40 | A.
712 .919 1.06
418 .539 .62
254 .328 .34
281 .363 .42
1,010 1.30 1.45| C.
1,770 2.28 2.63 | C.
,030 1.33 1.48 | B.
1,210 1.56 1.80 | A.
750 .968 1.12 | B.
1,210 1.56 1.74 | A,
881 1.14 15.43

CHIPPEWA RIVER NEAR BRUCE, WIS.

Location.—At the Minneapolis, St. Paul & Sault Ste. Marie Railroad bridge 1 mile
east of Bruce, Wis. Thornapple River enters from the right immediately above
the station and Flambeau River from the right about 21 miles below.

Records available.—December 31, 1913, to September 30, 1914.

Drainage area.—1,380 square miles.

Gage.—Chain gage attached to downstream side of Minneapolis, St. Paul & Sault Ste.
Marie Railroad bridge; read daily, morning and evening, to quarter-tenths.
Limits of use: Hundredths below 3.0 feet, hali-tenths between 3.0 and 4.0 feet,
and tenths above 4.0 feet.

Channel and control.—Bed of river hard sand, free from vegetation; probably shifts
only in high water.

Discharge measurements.—Made from dowrstream side of bridge to which gage
is attached.

Winter flow.—Determined from measurements made through the ice.

Regulation.—Practically none; no large power plants above station, and at present
no logging operation of sufficient magnitude to affect flow of river at this point.

Accuracy.—Records excellent.
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Discharge measurements of Chippewa River near Bruce, Wis., during the year ending Sept.
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NotE.—Discharge relation affected by ice about Dec. 31, 1913, to Apr. 5, 1914.
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Daily discharge, in second;feei, of Chippewa River near Bruce, Wis., for the year ending
, Sept. 80, 1914.

Day. : Apr. | May. | June. | July. | Aug. | Sept.

1 ..| 8,000 2,210 1,530 | 1,550
2 6,800 | 1,970 | 4,310 | 1,370 [ 1,740
3 6,000 | 2,020 | 3,760 | 1,300 [ 1,740
4 5,880 | 3,660 | 3,360 | 1,140 1,710
5 5,880 | 4,860 [ 2,970 | 1,060 | 1,660
6 1,580 | 5,420 | 3,760 | 2,500 | 1,000 | 1,610
7 1,400 | 4,970 { 3,260 | 2,450 935 | 1,530
8 1,250 | 4, 2,680 | 2,210 808 | 1,470
9, 1,120 | 4,090 | 2,300 | 1,920 862 1,460
1,090 | 3,660 | 2,020 | 1,740 876 1,460

1,090 | 3,460 | 1,730 | 1,600 883 | 1,580

1,080 | 3,160 | 1,490 | 1,560 848 | 1,660

1,250 | 2,880 | 1,400 [ 2,450 883 | 1,690

1,480 | 2,680 | 1,230 | 2,680 | 965 | 2,500

1,790 | 2,450 | 1,420 | 2,260 | 1,000 3,660

2,120 | 2,260 | 1,340 | 2,020 | 1,060 | 3,360

2,350 | 2,070 | 1,170 | 1,840 { 1,140 2,970

2,500 | 1,920 | 1,040 | 1,700 | 1,350 | 2,880

2,880 | 1,790 | 1,160 | 1,790 [ 1,580 | 2,680

3,660 | 1,640 | 1,180 | 1,730 | 1,580 | 2,500

3,660 | 1,790 | 1,120 | 1,580 | 1,580 2,350

3,560 | 1,920 | 1,210 | 1,490 [ 1,530 | 2,880

3,360 | 2,020 | 2,160 | 1,610 [, 1,840 |- 3,870

3,160 | 1,920 [ 3,460 | 1,740 {* 2,500 [ 3,660

.......... 3,080 | 1,920 | 5,540 | 1,690 | 2,160 | 3,360
.......... 4,530 | 1,880 | 5,190 | 1,660 | 1,610 | 3,160
4,750 | 1,840 | 6,340 | 1,700 | 1,440 | 2,880

5,540 | - 1,840 ,000 | 2,210 | 1,430 2,590

7,640 | 2,500 | 6,920 | 2,020 | 1,420 2,350

8,600 | 3,260 | 5,190 | 1,790 | 1,300 | 2,260
............................................................. 2,780 |-veun...| 1,670 | 1,260 |........

NoTE.—Dail; disehaxgecomguted from arating curve well defined between 890 and 5,880 second-feet (gage .
heights, 2.0and 7.0feet). Discharge estimated, because of ice, from gageheights, observer’s notes, discharge
measurements, and climatic records, as follows: Deec. 31, 1913, 597 second-feet; Jan. 1-10, 593 second-feet;
Jan. 11-20, 577 second-feet; Jan. 21-31, 553 second-feet; Feb. 1-10, 472 second-feet; Feb. 11-20, 352 second-
feet; Feb. 21-28, 358 second-feet; Mar. 1-10, 411 second-feet; Mar. 11-20, 554 second-feet; Mar. 21-31, 740
second-feet; and Apr. 1-5, 1914, 1,200 second-feet. .

Monthly discharge of Chippewa River near Bruce, Wis., for the year endiné Sept. 30, 1914.
[Drainage area, 1,380 square miles.]

Dis: in second-feet.
S p
epth in
Month. §nc os on [AcCU-
Per drainage |F8cY-
Maximum. | Minimum. | Mean. | square area)
mile. *
574 0.416 0.48 | C.
397 .288 .30 1 C.
574 .416 .48 | D.
2,710 1.96 2.19 | B.
5 330 2.41 2.78 1 A.
2, 2.10 2.34 | A.
2,210 1.60 1.84 | A,
,300 .942 1.09 | A,
2,360 | 1.71 191 | Al
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CHIPPEWA RIVER AT CHIPPEWA FALLS, WIS:

Location.—At the highway bridge at Chippewa Falls, Wis., 2,500 feet below the
mouth of Duncan Creek coming in from the right. ‘

Records available.!—Jurne 22, 1888, to September 30, 1914. . Chippewa Lumber &
Boom Co. has kept a continuous record since 1889. Since 1904 the United States
‘Weather Bureau has obtained gage heights during the flood season of each year.
On June 1, 1906, the United States Geological Survey began making discharge
measurements and obtained gage heights when no record was obtained by the
Weather Bureau. The gage heights as they have been published have been
obtained from the following sources: June 22, 1888, to November 21, 1899, from
certified blue-print copies of gage heights as kept by the Chippewa Lumber &
Boom Co., furnished by Fargo Engineering Co.; March to September, 1905, 1907,
and 1908, United States Weather Bureau; April to July, 1909, Chippewa Lumber
& Boom Co.; October 1 to December 31, 1911, United States Geological Survey;
January to June, 1912, Chippewa Lumber & Boom Co.; March to July, 1912,
United States Weather Bureau; December, 1912, Chippewa Valley Railway,
Light & Power Co.; January 1, 1913, to September 30, 1914, United States Geo-
logical Survey. .

Drainage area.—5,600 square miles.

Gage.—Friez water-stage recorder installed dunng January, 1914, fastened to the
web besween the two piers supporting first right-hand span and about 10 feet
upstream from the former United States Weather Bureau gage; gage referred to
the original datum. Prior to installation of this recording gage the readings were
taken from a painted staff gage on the cylindrical pier at the right end of bridge.
On August 19, 1913, the gage was found in error by the following amounts:

Point of gage. - Error.

Ft. in, Feet.

27 3.1 +0.03

26 4.2 + .03

16 10.2 + .12

12 0 + .16

7 -1 + .12

- 2 2 + .12

Error has probably existed since the gage was painted on the pier, but the
precise date can not be determined. Itshould be noted that any error in the gage
on the pier enters into the gage heights of discharge measurements as well as the
daily gage heights.

Channel and control.—Probably permanent.

Discharge measurements.—Made from downstream side of bridge.

Floods.—On December 6, 1896, the river reached a stage of 26.03 feet; on September
10, 1884, a stage of 26.94 feet, according to high-water marks on the door of the
office of the Chippewa Lumber & Boom Co.

Winter flow.—Discharge relation at times affected by ice; flow during such penods
determined by discharge measuréments.

Regulation.—Some fluctuation is caused by the operation of a.power plant about
one-half mile above the gage. The greatest fluctuation is, however, caused by the
operation of larger plants above, notably that of the Brunet Falls Manuﬁactunng
Co., at Cornell, Wis.

1 Records from June 22, 1888, to September 30, 1899, published in Water-Supply Paper 355.
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Accuracy.—Records for 1914 excellent; those for previous years, owing to fluctuations
in stage, possible error in gage datum, and little supervision of gage readings, less
accurate, but as the discharge relation is permanent, all records are probably

good.

Cooperation.—The Wiscoixsin & Minnesota Light & Power Co. has assisted in the
installation and maintenance of the recording gage installed during January,

:

1914. Note other cooperation under ‘Records available.”

Diséharge measurements of Chippewa River at Chippewa Falls, Wis., auring the year

ending Sept. 30, 1914.

Gage Dis- Dis-
Date. Made by— height. | charge. || Date- Made by— height. | charge.
Feet. | Sec.ft. Sec.-ft.
Dec. 20 | G. H. Canfield......... 0.99 | 22,340 || May 6 | M. F. Rather........... 15,500
Jan. 27 | Hoyt and Steller. .85 | @2,040 || June 7 | Canfield and Rather.... 21,700
Mar. 15 | G. H. Canfield... 1.35 | 2,350 || Sept. 7 | H.C. Beckman........ 5,380
Apr. 22 | W. G. Hoyt............ 4.91 [ 12,700 8..... [ (D 4,710

a Measurement made at bridge section, partly from bridge and partly from ice; partial ice cover at the

control.

b Measurement made under complete ice cover about 1 mile below gage.

Daily gage height, in feet, of Chippewa River at Chippewa Falls, Wis., for the year-ending

Sept. 80, 1914.

[Friez recording gage.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. Sept.
l....... ceeeaen 1.8 | 23 | 3.0 | 0.7 | 0.8 0.9 | 2.75| 9.8 | 3.8 7.5 2.05
2eieeniaeeenen 1.9-| 2.6 | 3.1 .8 .95 .95 2.8 8.7 | 3.0 | 6.3 2.4
: T ceeed| L7 | 2.4 | 207 .8 .9 95| 2.8 7.5 2.7 | 5.4 2.5
2 S I Y L7 | 2)9 .8 .95 .85 2.8 6.7 6.0 | 4.9 2.55
5..... cecsscens 1.6 1.6 2.3 .6 .95 .75 2,75 6.1 9.6 4.1 2.35
[ S, 1.9 L9 | 2.7 .85 .8 .8 2.45| 5.6 | 88 | 3.5 2.6
Teeeeeaninannnn 2.2 1.9 2.6 .8 .85 | 1.0 2.2 5.4 7.5 3.1 2.25
- J 2.7 1.9 2.1 .8 .8 L5 2.1 4.9 6.2 2.6 2.05
L 2.6 2.1 2.1 75 1.1 N 2.0 4.6 5.2 2.6 1.9
10.cceeieieneaas 2.3 2.1 1.3 750 1.3 75| 165 4.3 3.9 2.25 1.75

11..... PO 2.4 1.9 1.7 .8 1.3 .8 17| 3.9 | 3.5 2.05 1.8
120 ccieiannn. 2.6 1.9 1. .9 1.3 .85 1.75 | 3.8 2.65 | 2.35 2.0
) 2.9 1.9 1.7 .85 | 1.0 .95 1.8 3.6 2.25 ) 4.1 2.1
) T 2.6 1.9 1. 751 1.2 1.2 1.95] 3.3 2.0 4.1 2.5
15 i 2.0 1.8 1. 6 .9 1.5 2.3 2.95 | 2.3 3.7 3.6
160 cceiecicnnnn 2.1 1.6 1. .7 .9 1.6 | 2.8 | 2.75| 2.2 3.4 . 4.7
) 2.2 1.7 1. .75 1.1 1.6 3.1 2.6 2,15 3.2 1.39 4.9
18..... PP 1.7 1.7 . 65 1.2 1.4 3.7 2.45| 1.75| 2.3 1.50 4.5
19..... ceeevanan 1.7 1.6 . .6 851 1.2 4.0 2,251 175 2.2 1.45 4.1
20c.ceiiennennns 1.6 1.3 ﬁ .7 .8 | 1.0 5.0 1.95| 165 2.1 2.0 3.6
b1 1.6 1.6 .bfw .8 .9 .9 4.8 2,151 1.95{ 1.75| 2.0 3.4
22, cciannn. e 17 2.1 W05 .85 951 1.0 4.8 2.75] 1.85| 1.85| 1.95 2.95
23..... ceeennean 1.6 2.4 . .7 .95 5 1.4 3.5 1.7 1.6 2.25 3.4
24..... coccancen 1.6 2.4 . .8 1.3 .85 | 4.1 3.5 2.4 1.55 | 3.7 4.0
25 eeeeiinanan 15 | 2.5 . .7 1.2 .76 | 4.6 | 3.2 | 55 1.55 | 4.0 3.8
26.ciiinnnnannnn 1.7 2.6 .F5 .9 .8 95| 6.2 2.9 7.4 1.9 3.7 3.3
7 (R 1.9 2.4 .9 .9 .65 1.09| 6.5 2.9 8.3 1.8 3.1 3.2
P2 S 2.7 2.2 .75 .8 .85 .85 7.2 3.0 |10.0 L6 2.6 3.0
1 D 2.6 2.2 .05 P I P 1.55 | 10.1 3.9 9.9 2.1 2.25 2.6
30.cicicnnnnnn. 2.6 2.3 .6 W95 il 2.6 |[10.7 5.0 8.8 1.85| 2.1 2.25
. 3 2.4 |....... .5 9 el 2.8 fouennn. 4.2 |....... L7 2.05 |.......

Nore.—Discharge relation affecte

97825°—wsP 385—15

9

d by ice about Dec. 1, 1913, to Mar. 22, 1914,
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Daily discharge, in second-feet, of Chippewa River at Chippewa

ending Sept. 30, 1914.

SURFACE WATER SUPPLY, 1914, PART V.

Falls, Was., for the year

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
.| 4,200 | 5,480 30,400 | 9,720 21,800 | 3,400 [ 4,830
.| 4,450 | 6,280 25,300 | 7,400 \17,600 | 3,470 | 5,740
.| 8,950 | 5,740 21,800 | 6,560 (14,700 | 3,450 | 6,010
.| 8,710 | 3,950 19,000 (16,600 {13,100 | 2,440 | 6,140
.| 8,710 | 3,710 900 (29,700 10,600 | 2,530 | 5,610

4,450 | 4,450 15,3C0 (26,700 | 8,820 | 2,440 | 6,280
.| 5,220 | 4 14,700 21,800 | 7,690 | 2,300 | 5,350
:| 6,560 | 4,450 13,100 (17,300 | 6,280 | 2,320 | 4,830
.| 6,280 | 4,960 |. 12,200 {14,000 | 6,280 | 2,1.0 | 4,450
.| 5,480 | 4,960 11,200 {10,000 | 5,350 | 2,190 | 4,080
-| 5,740 | 4,450 |. 10,000 | 8,850 | 4,830 | 2,110 | 4,200
-] 6,280 | 4, 9,720 | 6,420 | 5,610 | 1,980 | 4,700

7,120 | 4 9,140 | 5,350 |10, 2,170 | 4,960
.| 6,280 | 4 8,270 | 4,700 [10,€00 | 2,400 | 6,010
.| 4,700 | 4 7,260 | 5,480 | 9,430 | 2,700 [ 9,140

4,960 | 3 700 | 5,220 | 8, 2,880 | 12,500

5,220 | 3 280 | 5,090 | 7,980 | 3,210 | 13,100
13,950 | 3 880 | 4,080 | 5,480 | 3,470 | 11,800
.| 3,950 | 3 350 | 4,080 | 5,220 | 3,350 | 10,600
13,710 | 3 580 | 3,830 | 4,960 | 4,700 | 9,140

3,710 | 3,710 090 | 4,580 ( 4,080 | 4,7 8, 560
.1 3,950 | 4,960 700 | 4,320 | 4,320 | 4, 7,260

3,710 | 5,740 830 | 3,950 | 3,710 | 5,350 | 8,
.1 3,710 | 5,740 850 | 5,740 | 3,290 | 9,430 | 10,300

3,470 | 6,010 980 (15,000 | 3,590 {10,300 | 9,720

3,950 | 6,280 120 (21,500 | 4,450 | 9,430 | 8,270

4,450 | 5,740 120 124, 800 | 4, 7,690 | 7,980

6,560 | 5,220 400 |31,200 | 3,710 | 6,280 | 7,400

6,280 | 5,220 000 (30,800 (4,960 | 5,350 [ 6,280

6,280 | 5,480 400° (26,700 | 4,320 | 4,960 | 5,350

5,740 |....... 900 |....... 3,950 | 4,830 |.......

NoTe.—Daily dischar,

ge computed from a rating curve well defined between 1,940 and 23,700 second-
feet (gage heights 0.8 and 8.0 feet).

Discharge estimated, because of 1ce, from gage heights, observer’s notes discharge measurements, and
climatic records, as follows: Dec. 1-10, 1913, 6,160 second-feet; Dec. 11-20, 2,800 second-feet; Dec. 21-31,
1913, 1,700 second-feet; Jan. 1-10, 1,690 second-feet; Jan. 11-20, 1,590 second-feet; Jan. 21-31, 1,850 second-
feet; Feb. 1-10, 1,920 second-feet; Feb. 11-20, 1,580 second-feet; Feb. 21-28, 1,630 second-feet; Mar. 1-10,
1,700 second-feet; and Mar. 11-22, 1914, 1,680 second-feet.

Monthly discharge of Chippewa River at Chippewa Falls. Wis., for the year ending Sept.

N

30, 1914.

Month.

Discharge in second-feet.

Maximum.

Minimum,

Mean.

PEEFpEODDOEY
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WEST FORK OF CHIPPE%’VA RIVER AT LESSARDS, NEAR WINTER,‘ WIS.

Location.—At Lessards, ab
right, and 8 miles by roa
Records available.—Decen
Drainage area.—485 squar
Gage.—Metal staff attached
1914; zero 3.75 feet belo
1911, to January 27, 19
daily to nearest half inc
foot. Limits of use: Ha
Channel and control.—He:
Winter flow.—Discharge r
measurements made thr
Regulation.—No dams useg
Accuracy.—Records good ex
control and caused back
based on three measuren
Cooperation.—Records Dec
the courtesy of the Chipy
the gage reader to date.

Discharge measurements of We

ut 1 mile above mouth of East Fork, coming in from the
1d northwest of the post office of Winter.

nber 22, 1911, to September 30, 1914.

e miles.

to log boom. on right bank of river, installed January 27,
w zero of wooden staff gage, maintained December 22,
14. Prior to January 27, 1914, the gage was read once
h; after this date, once daily to nearest half-tenths of a
lf-tenths below 6.5 feet and tenths above 6.5 feet.

avy gravel; not likely to shift.

elation affected by ice; flow determined by discharge
ugh the ice.

] for storing water are now in operation above station.
ccept during the summer of 1914, when logs lodged on the -
water at the gage. Estimates of flow during this period
nents made May 3, June 8, and September 16, 1914.
ember 22, 1911, to January 27, 1914, furnished through
vewa & Flambeau Improvement Co., which has also paid

st Fork of Chippewa River at Lessards, near Winter, Wis.,

during the years ending Sept. 30, 1912-1914.
- Gage Dis- - Gage | Dis-

Date. Made by height. | chaige. || Date- Made by height. | charge.
1911-12. Feet. | Sec.t. 1914. Feet. | Sec.ft.
Oct. 21 | C. B. Stewart.. 5.92 a 700 || Jan. 28 | H. C. Beckman. 5. da191
Feb. 23 | J.C. Cutler.... 5.67 5127 || Mar. 7| O. A. Steller.... 5.75 e 143
Apr. 19 |..... do......... 6.04 782 || May 3 | M. F. Rather. 6.84 | 71,310
July 8| C.B.Stewart.......... 4.92 193 3l..... L [ J 6.83 | /1,340

June 8| .l do. . llllllllll 6.10 | /719
1912-13. Sept. 16 |..... [ 0 A 6.17 1644
May 4| C.B.Stewart.......... 6.23 1,040
July 7..... L6 1o T 6.12 862
1913-14.
Dec. 5 | Stewart and IHoyt..... . 5.81 ¢ 599
a Velocity determined by means of rod floats.

b Complete ice c

¢ No ice; contro
d Complete ice ¢
¢ Complete ice ¢
f Logs and brus|

NoTe.—Measurements from Oct. 2

Co. by and under direction of C. B.

over.

1 clear.

over at measuring section; partly open at control.
over at control.

h on control.

1, 1911, to July 7, 1913, made for Chippewa & Flambeau Improvement
Stewart, consulting engineer, Madison, Wis.
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Chippewa River at Lessards, near Winter, Wis.,

Jfor the years ending Sept. 30, 1912-1914.

ight, in feet, of West Fork o

Daily gage

Sept.

July. | Aug.

June.

May.

Apr,

Mar.

Feb.

Jan.

Dec.

Nov.

Oct.

Day.

L S
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Daily gage height, in feet, of West Fork of Chippewa River at Lessards, near Winter, Wis.,
Jor the years ending Sept. 30, 1912-1914—Continued. .

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1913-14.
6 5.765| 5.75| 565 535 6.7 5.7 5.25| 6.8 6.15| 6.45| 5.85 6.1
5.65| 5.75| 5.65| 5.4 5.8 5.7 5.25| 6.8 6.15| 6.35( 5.7 6.1
5.65| 5.75] 5.65| 5.4 5.8 5.75| 5.25| 6.8 6.1 6.3 5.7 6.1
5.75| 5.75] 5.65| 5.4 5.5 5.75 | 5.3 6.7 6.15| 6.2 5.7 6.1
5.75| 5.75| 5.65| 5.4 565 575 5.3 6.7 6.25| 6.2 5.7 6.1
5.7 575 565| 55 5.6 5.75( 5.3 6.7 6.0 6.3 5.7 6.0
5.7 | 57| 5.65| 535! 565 575 53 6.6 5.9 6.3 5.65 6.0
.65 | 5.75| 5.65| 5.35| 565| 5.8 5.3 6.6 5.8 6.2 5.65 0.1
65| 5.75| 5.5 5.35| 5.6 5.8 | 5.3 6.3 5.75 | 6.2 5.6 6.1
.65 | 5.751 5.5 5.35| 5.7 5.85| 5.4 6.25| 5.75| 6.2 5.6 6.1
. 5751 5.5 5.35| 5.65| 5.85| 5.4 6.25| 5.7 6.2 5.6 6.15
.65 1 5.75 | 5.5 5.4 5.6 5.85| 5.45| 6.25| 5.7 6.2 5.6 6.2
. 6 5.75| 5.4 5.4 565 5.9 5.5 6.2 565! 6.2 5.65 6.2
.65 | 5.65 | 5.4 5.4 5.7 5.9 5.6 6.2 5.7 6.15| 5.7 6.2
5 | 5.65| 5.4 5.4 [....... 5.8 5.6 6.1 565 | 6.15| 5.8 6.2
5.65| 5.65| 5.4 5.35| 5.65| 5.8 5.65 | 5.9 5.6 6.15| 5.8 6.3
5.5 5.65| 5.4 5.35| 5.65| 5.5 5.6 5.9 5.65| 6.15] 5.8 6.3
5.5 5.65] 6.0 5.35| 5.6 5.5 5.8 5.9 5.7 6.15| 5.8 6.3
5.5 5.65| 5.75| 5.4 5.7 5.4 5.9 5.95| 5.75| 6.15| 5.8 6.3
5.5 5.75| 5.85| 5.5 5.7 5.4 5.95| 6.0 5.75 | 6.15| 5.8 6.3
5.5 575 5.4 5.5 5.7 5.5 6.0 6.1 5.8 | 6.15( 5.8 6.3
5.6 5.75] 5.6 5.6 5.7 5.5 6.2 6.0 6.2 6.1 5.85 6.3
565 5.7 5.75| 555| 5.8 5.5 6.4 6.0 6.3 6.1 5.85 6.3
5.75 | 5.7 5.5 5.6 |....... 5.3 6.7 6.1 6.5 6.1 5.85 6.3
575 5.75| 5.65 [.ceciaii]einnnns 5.3 6.8 6.1 6.5 6.1 6.1 6.3
5.75 |.o..... 5.4 |oeiiiiaeannns 5.3 |-eenn.n 6.1 |....... 6.0 6.0 |.cuennn

NoTE.—Discharge relation probably affected by ice Dec. 22, 1911, to Mar. 31, 1912, Jan. 1 to Mar. 31, 1913,
and Dec. 23, 1913, to Apr. 5, 1914.

Daily discharge, in second-feet, of West Fork of Chippewa River at Lessards, near Winter,
Wis., for the years ending Sept. 30, 1912-1914.

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

1911-12,
. 300 156 415

. 632
3 P . 156 470 foaeuian
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Daily discharge, in second-feet, of West Fork of Chippewa River at Lessards, near Winter,
. Wis., for the years ending Sept. 80, 1912-1914—Continued. :

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1912-13.
.............. 280 215 892 | 1,140 | 1,140 530 670 595
b 280 215 892 | 1,010 | 1,140 530 670 595
[ J 280 215 945 | 1,010 | 1,140 632 670 595
L 280 215 945 | 1,010 | 1,220 750 670 595
. S 280 215 892 | 1,010 | 1,220 840 632 595
[ R 280 230 892 892 | 1,580 840 632 595
) SO 280 892 840 | 1,580 892 562 562
- 262 230 892 750 | 1,580 892 | 562 500
9. . 22| 245 892 | 750 | 1,960 | 1,010 | 562 500
100 cceiaa..s 2 262 892 670 | 1,960 | 1,010 500 500
) 262 245 945 632 | 1,960 | 1,140 442 530
12, ..., 1,580 442 470
130, 1,580 442 470
4. . 1, 580 390 470
15, 1,580 365 470
16 ..., 1,400 320 442
17 iiiiieaann 1,400 320 442
) F T 1,220 320 442
19 ... 1,140 365 390
20, i 1,010 415 390
b3 892 442 390
22 i 390
P2 632 390
b2 S 795 365
b 750 415
26.. i 710 442
27 i 710 470
28, i 670 500
29, ...ll.. 632 562
{1 632 562
[ S 595 |.......
1913-14, )
) 470 530
2 445 530
[ 445 600
L 445 600
[ T, 445 600
[ 445 600
G 370 600
. F 370 600
L 370 600
) (1 370 600
) 370 530
1200000, 345 530
b . 345 600
Moooiiiiiit. 320 600
) ¥ T ' 320 600
160 cciiaannans 320 640
170 i 320 680
18 it 345 680
19 ceiiiinians 370 680
20 i, 420 680
b3 420 770
220 420 770
P T 420 770
. 420 770
b T 420 770
26. .. 420 770
2t 445 770
28 iiiiaians 445 770
2.t 445 770
B0.ieeeniaiannnn 600 770
3 S 530 |.......

NorE.—Daily discharge Apr. 1, 1912, to Apr. 23, 1914, comBu‘red from a rating curve v-ell defined bet—een
190 and 1,220 second-feet (gage heights, 4.9 and 6.4 feet). Daiiy discharge, Apr. 27 to Sept. 30, 1914, esti-
mated, on accouat of log jams, from discharge measurements mide on May 3, June 8, and Sept. 16, 1914.
Discharge estimated, because of ice, from gize heights, observer’s notes, discharge measurements and
ety olns Den ) W e L et o8, D10
-feat; Feb, 11- cond-feet; Fab, 21 secon. s Mar., 1-10, -faet; 0 )y
178 seoond-teet; Mar, 31-81, 231 second-foet; and April 1-5, 1914, 276 second-feets -
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Monthly dzscharge of West Fork of Chippewa River at Lessards, near Winter, Wis., for the
years ending Sept. 80, 1912-1914.

[Drainage area, 485 square miles.)

Discharge in second-feet.
Qoptivr
€] 1n
Month, P &nc eson [Aoou-
. er drainage | Facy-
Maximum, | Minimum.| Mean. | square v
mile. ea).
1,140 500 726 1.50 1.67 | A
,580 562 903 1.86 2.14 | A
670 3 545 1.12 1.25 | B
300 156 197 406 47 B
632 156 422 870 1.00 | B
500 300 383 790 .88 | B
1912-13. -
[816170) o7 o 300 2€2 280 577 67| B
November. B
December. C
sl
ebruary
March...
April.. B.
ay.. B.
June.. B.
July.. A,
August. A,
Septemb: . A,
1913-14.
October.....ooovemiiiee i 508 1.05 1.21 | B,
November. O . 547 1.13 1.26 | A,
December. 406 .837 .96 | C.
January.. 230 .474 .55 | C.
February. R 149 .307 .32 | D,
March... 180 .371 .43 | C.
April.. 474 .977 1.09 { C.
May. . 910 1.88 2.17 | C.
June.. 636 1.31 1.46 | C.
July-.. 730 1.51 1.74 | C.
August. 408 .841 97 | C.
Septembe €59 1.36 152 (C.
THe YOar- «.ueuenenermaeannnnannns 488 | 1.01 13.68

FLAMBEAU RIVER NEAR BUTTERNUT, WIS.

Location.—About 6 miles east of Butternut, Wis., and 7 miles upstream from Park
Falls, Wis.

Records available.—July 30 to September 30, 1914.

Drainage area.—660 square miles.

Gage.—Vertical cast-iron staff gage attached to posts driven into the right bank of
river; read daily, morning and evening, to quarter-tenths. Limits of use: Hun-
dredths below 3.0 feet, half-tenths between 3.0 and 4.0 feet, and tenths above 4.0
feet.

Channel and control.—Head of Schultz Rapids about 1,700 feet below the gage
is the control; probably permanent.

Discharge measurements.—Made from a cable about 1,500 feet downstream from
the gage.

Winter flow.—Discharge relation affected by ice during the winter months.

Regulation.—Flow at station controlled by storage in reservoirs of the Chippewa &
Flambeau Improvement Co, of which the one at Rest Lake is the largest.

Data insufficient for estimates of discharge.
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Discharge measurements of Flambeau River near Butternut, Wis., dunng the year ending
Sept. 30, 1914.

Gage Dis-
Date. Made by— heig%\t.. charge.

Feet, | Sec.ft.
Tuly 30 | H. C. BOCKMAN. e enieitieitaeeaaeeacaenacanaconananeeanaaaeaannan 2.68 a730
1 S 0 A SR R 57217 ¢ T-) 3.68 1,210

@ Measurement made from boat.

Daily gage height, in feet, of Flambeau River mear Butternut, Wis., for the year ending
Sept. 30, 1914.

[Mathilda Schultz, observer.]

Day. July. | Aug. | Sept Day. July.| Aug. | Sept. Day. July. | Aug. | Sept.
3.15 3.1 2.80 3.2 3.5
3.15 3.1 2.82 3.1 3.85
3.1 3.25| 2.81 3.25| 3.7
3.1 3.25| 3.0 3.35 | 3.7
3.1 3.15| 3.45 3.3 3.6
3.05 3.3 3.5 3.3 3.55
3.05 .| 3.4 3.7 .13.35]| 3.45
2.92 3.45| 3.7 .1 3.2 3.35
2.86 . 3.3 3.7 .13.15| 3.3
2.70 .| 3.2 3.6 . 2.99 | 3.1

31. 2.73 | 2.92 |......

FLAMBEAU RIVER NEAR LADYSMITH, WIS.

Location.—At H. J. Cornelissen’s farm about 6 miles by road northeast of Ladysmith,
20 miles above the mouth of the river and 19 miles below the mouth of Dore
Flambeau River, coming in from the right.

Records available.—January 2 to September 30, 1914.

Drainage area.—1,940 square miles.

Gage.—Chain, fastened to a cantilever arm supported by two trees on the left bank
of the river on the farm of H. J. Cornelissen. Gage read daily, morning and
afternoon, to quarter-tenths. Limits of use: Hundredths below 4.0 feet, half-
tenths between 4.0 and 5.0 feet, and tenths above 5.0 feet.

Channel and control.—Heavy gravel and rock; probably permanent.

Discharge measurements.—Made from a car and cable across the river about 200
feet below the gage.

Winter low.—Discharge relation affected by ice; estimates of flow based on discharge

* measurements made through the ice.

Regulation.—The Chippewa & Flambeau Improvement Co. operates storage reser-
voirs on Rest Lake; also smaller reservoirs on Manitowish and Turtle rivers
and Bear Creek. Weekly fluctuations at the gage, are caused by the operation of
power plants at Park Falls and by the storage reservoirs; no daily fluctuation
has been observed.

Accuracy.—Gage-height records reliable.

Data insufficient for estimates of discharge.
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Discharge measurements of Flambeau River near Ladysmith, Wis., during the year ending
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height.| charge. Date. Made by— heigﬁt. charge.
Feet. | Secft. Feet. | Sec.-ft.
Feb. 16 | Hoyt and Canfield..... 5.0 a 836 || Apr. 13 | G. H. Canfield......... 5.18 | ¢1,350
16 |..... & (o 5.0 5752 || July 13 | H. C. Beckman........ .38 2,100
Mar. 10 | O. A. Steller........... 4.56 b 594 || Sept. 12 |..... {6 1 T 3.33 A

a Measurement made under complete ice cover about one-fourth mile below paper mill at Ladysmith.
b Measurement made under complete ic2 cover about 2 miles below gage.
¢ Measurement made at gage section under complete ice cover.

Daily gage height, in feet, of Flambeaw River near Ladysmith, Wis., for the year ending
Sept. 30, 1914.

[H. J. Cornelissen, observer.]

Day. Jan. | Feb. | Mar. { Apr. | May. | June. | July. | Aug. | Sept.
........ 5.2 4.5 5.4 6.9 3.90 5.6 2.80 3.32
5.3 5.4 4.9 5.4 6.2 3.58 5.2 2.61 3.51
5.6 4.8 4.7 5.5 6.1 3.35 5.1 2.61 3.70
5.6 5.4 4.85 5.5 5.6 4.2 4.8 2.59 3.68
5.2 5.2 4.85 5.4 5.3 4.15 4.4 2.40 3.55
5.2 5.2 4.8 5.4 5.2 4.35 4.3 2.32 3.46
5.0 4.9 4.9 5.2 4.8 4.0 4.2 2.35 3.38
5.5 5.0 4.8 5.2 4.85 3.90 3.44 2.41 3.29
5.5 5.4 5.0 5.0 4.8 3.62 3.22 2.29 3.18
5.3 4.7 4.6 5.0 4.9 3.40 3.11 2.34 3.05
5.3 5.0 4.3 4.90 4.7 3.16 2.99 2.39 316
5.0 5.1 5.0 4.75 4.65 2.90 2.96 2.72 3.30
4.7 4.95 5.1 5.0 4.65 2.78 3.42 2.95 3.42
5.3 5.0 4.7 4.9 4.5 | 2.68 3.65 3.00 3.51
5.0 4.8 5.0 5.4 4.4 2.60 3.76 3.09 3.90
4.9 5.0 5.2 5.5 4.5 2.70 3.74 3.18 4.4
5.0 4.6 4.85 4.75 4.5 | 2.46 3.63 3.22 4.45
5.3 4.75 5.0 3.85 4.5 2.50 3.38 3.30 4.7
5.4 5.0 5.0 4.5 4.2 2. 56 3.28 3.16 4.65
5.3 4.9 5.2 4.3 4.7 2.70 3.15 3.72 4.25
4.85 4.6 5.0 4.4 4.35 2.60 3.04 3.7 4.15
5.4 4.8 1" 4.8 4.5 4.4 2.44 2.94 3.50 4.05
5.1 5.0 4.75 4.0 3.55 2.54 2.86 3.56 4.4
5.1 4.4 4.5 3.95 3.46 3.44 2.81 3.86 4.4
5.0 4.8 4.95 4.7 3.48 5.0 3.29 4.05 4.3
5.2 5.1 4.9 4.85 3.38 5.4 2.95 3.89 4.05
5.2 4.75 4.8 5.3 3.22 5.7 3.22 3.78 3.89
5.0 5.0 4.9 6.3 3.20 6.0 3.08 3.69 3.72
5.4 5.0 7.8 4.7 5.9 2.94 3.54 3.64
5.4 5.2 7.6 4.4 5.7 2.82 3.48 3.40
5.4 5.2 |i....... 4,03 |oeeeenn fiamenann 3.34 | .......

Note.—Discharge relation affected by ice about Jan. 2 to Apr. 17,

EAU CLAIRE RIVER NEAR AUGUSTA, WIS.

Location.—At Trouble Water bridge, about 7 miles northeast of Augusta. South
Fork of Eau Claire River enters from the left about 4 miles above the station.

Records available.—July 16 to September 30, 1914.

Drainage area.—500 square miles.

Gage.—Standard gage on downstream side of Trouble Water bridge, read daily in the
morning to quarter-tenths. Limits of use: Hundredths below 2.0 feet, half-tenths
between 2.0 and 3.0 feet, and tenths above 3.0 feet.

Channel and control.—Channel consists of sand; control, rock and sand; probably
shifting. .

Discharge measurements.—Made from downstream side of bridge.

Data insufficient for estimates of discharge.

)
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Discharge measurements of Eau Claire River near Augusta, Wis., during the year ending
Sept. 30, 1914,

Date. Mado by— ok | chae.
Feet. Sec.-ft.
July 16 | H.C. BeCKMAN. . .. eouiiiieaieaaeecneeancanacnnaecsacnasecsenneennannn 1.75 451
Sept. 19 [ M. F. Rather. ..ot it iiii i iieieiicaaecaaecaaaaaaaenannn eeeeae 3.20 1,000

Daily gage hezght in feet, of Eau Claire River near Augusta, Wis., for the year ending
Sept. 80, 1914.

[Albert Wagner, observer.]

Day. July.| Aug. | Sept. Day. July.| Aug. | Sept. Day. July.| Aug. | Sept.
1.65 0.90 | 1.90
1.98 .90 | 2.0
1.80 1.10| 2.9
2.3 1.20 | 2.5
4.8 1.10 | 2.3
6.1 .90 | 1.95
4.5 .80 | 1.60
4.2 751 1.40
3.2 .68 1.28
2.5 .60 1.15

W55 ...,

EAU CLAIRE RIVER AT EAU CLAIRE, WIS.

Location.—At footbridge at old dam located about 1 mile above the mouth of the
river near the McDonough Manufacturing Co., Eau Claire, Wis.

Records available.—December 27, 1913, to July 17, 1914. (See Eau Claire River
near Augusta.)

Drainage area.—873 square miles.

Gage.—Chain gage attached to downstream railing of footbridge; read daily, morning
and evening, to half-tenths. Limits of use: Hundredths below 1.5 feet, hali-
tenths between 1.5 and 2.5 feet, and tenths above 2.5 feet.

Channel and control.—A rock outcrop about 600 feet below the gage forms the
control.

Discharge measurements.—During low stages made from footbridge to which gage
is attached; during medium and high stages from the Madison Street Bridge, one-
half mile below gage.

Winter flow.—Discharge relation affected by ice; flow determined from discharge
- measurements made through the ice.

Regulation.—None.

Accuracy.—During hlgh water in Chippewa River there was apparently backwater
at the gage; records for such periods only approximate.

Discharge measurenwnts of Eau Claire River at Eau Claire, Wis., during the year ending
Sept. 80, 1914.

Date. | Madeby— |30 | oDk | Date. | Medeny— | 0082 | D

Feet. | Sec-ft.
1.27 a198 || Apr. 3 G. H Canﬂeld...

L eiez| T 4.
1.25| b146 21 W & Hoyt....
1.40| 174 || June 8| G.'H. Canfield.
1.89| 985 || July 18 | H.C.

 Complete ice cover.
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Daily gage height, in feet, of Eau Claire River at Eau Claire, Wis., for the year ending
Sept. 30, 1914.

[John McDonough, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July.
1.20| 2.9 4.6 1.7 2.8
1.21 2.1 3.2 1.30 2.45
1.26 2.0 2.3 1.28 2.1
1.25 1.8 2.0 1.7 1.8
1.35 1.7 1.6 3.4 1.40
1.46 1.42 1.48 4.4 1.18
1.49 1.32| 1.35| 4.6 .98
1.45 1.20| 1.22|........ .88
1.39 1.12| 1..18| 4.6 .88
1.40 1.12 1.05 |eeennnnn .72
1.82] 1.02| 1.02{........ .68
1.45 1.10 1.12 1.5 .75
1.52 1.12 1.40 1.32 .98
2.5 1.20| 1.40| 1.05 1.8
3.4 1.28| 1.18| 1.02 1.9
2.2 1.30| 1.00| 1.02
1.95 1.38 .88 .92 |.

1.8 1.45 .78 .78
2.3 L5 72 .75
1.45 1.9 .50 .68
1.30 [ 2.2 .65 .82
1.05| 2.0 .80 | 1.08
.85 1.8 2.3 L5
.75 1.7 2.6 1.42
82| 2.0 2.0 1.65
72| 3.6 1.65 1.9 |.
.68 3.0 3.2 2.6
.88 3.5 3.4 4.4
1.6 3.4 3.0 5.0
2.9 4.8 2.7 3.8
3.3 2.25 [.......

Norte.—Discharge relation affected by ice about Jan. 1 to Mar. 25 and by backwater about Apr. 20 to
May 5 and June 27 to July 2. See ‘‘ Accuracy’’ in station description.

Daily discharge, in second-feet, of Eau Claire River at Eau Claire, Wis., for the year ending
Sept. 30, 1914,

Day. | Mar. | Apr. | May. | June. | July. Day. Mar. | Apr. | May. | June. | July.

NortEe.—Daily discharse computed from a rating curve fairly well defined between 955 and 6,040 second-
feet (gage heights, 1.4 and 4.6 feet). Mean discharge estimated, because of ice, from gage heights, observer’s
notes, discharge measurements, and climatologic records, as follows: Jan. 1-15, 210 second feet; Jan. 16-31,
190 second-feet; Feb. 1-28, 175 second-feet; Mar. 1-15, 320 second-feet; and Mar. 16-25, 850 second-feet. Dis-
charge Apr. 20 to May 5 and June 27 to July 2, estimated because of backwater, as follows: Apr. 20-30,
2,100 second-feet; May 1-5, 2,100 second-feet; June 27-30, 3,900 second-feet; and J uiy 1-2, 2,280 second feet.
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Monthly discharge of Eau Claire River at Eau Claire, Wis., for the year ending Sept. 30,
. 1914.

[Drainage area, 873 square miles.]

Discharge in second-feet. ‘l}‘mt;f i
epth in
Month. gnc eson [Accu-
A Min M Per drainage racy.
aximum. mum. ean, sl%\ila:e area).

January. 200 0.229 0.26 | C
February . 175 .200 21 C
March.. . 745 .853 .98 1 C
April. .. ..ol .. 1,480 1.70 1.90|C
By e o ettt eaaeaeaaaaaaas 1,500 1.72 1.98| D
June. ...ooii i 2,250 2.58 2.88 | C
July 1-16. oo 1,140 1.31 .8 | C

NortEe.—See footnote to table of daily discharge.

RED CEDAR RIVER NEAR COLFAX, WIS.

Location.—At a highway bridge about 5 miles north of Colfax, Wis. Hay River
enters from the right about 11 miles below and Trout Creek, also from the right,
31 miles above the station.

Records available.—March 19 to September 30, 1914.

Drainage area.—1,100 square miles.

Gage.—Chain gage attached to the downstream side of bridge; read daily, morning
and evening, to quarter-tenths. Limits of use: Half-tenths below 1.0 foot, and
tenths above 1.0 foot.

Channel and control.—Control is a rock ledge; permanent. During summer months
discharge relation is affected by growth of grass.

Discharge measurements.—Made from downstream side of bridge to which gage
is attached.

Winter flow.—Discharge relation affected by ice; flow determined from measure-
ments made through the ice.

Regulation.—Storage reservoirs at headwaters control flow to some extent. Esti-
mates of discharge in ‘‘ Second-feet per square mile’’ and ‘‘ Run-off, depth in
inches on drainage area’’ should be used with caution.

Accuracy.—Rating curve well defined; records probably excellent except for period
from July 26 to September 30 when discharge relation is believed to have been
affected by backwater due tograssin channel; dischargefor thlB period determined
by applying corrections to the open-water rating curve.

Cooperation.—Gage reader at this station paid by the Wisconsin & Minnesota Light
& Power Co.

Discharge measurements of Red Cedar River at Colfax, Wis., during the year ending Sept.

, 1914.
. Ga; Dis- Gage | Dis-
Date. Made by— height. | charge. || D&te: Made by— height. | charge.
Feet | Sec.ft. Feet. | Secft.
Mar. 19 | J. . Canfield.......... 2.45| 1,080 || May 6 | M. F. Rather.. .. 199 986
Apr. 6..... DO.nenrmmnninns 1.70 | 5816 || June 5 |..... A0 nsmnamenniinis 4.90| 4,300
Apr. 21 [ W.G. Hoyt.eouuunnn... 2.60 1,580 || Aug. 14 | S. B. Soulé............. 1.41 ¢ 597

a Very little ice in river. % Control clear of ice. ¢ Grass growing in stream about 20 feet from each bank.
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Daily gage height, in feet, of Red Cedar River near Colfax, Wis., for the year ending Sept.

[Andrew Lundeguam, observer.]

Day. Mar. | Apr. | May. | June. | July.

.
=
o
z
L=}
-+

BRI IR0 R CIOUR . BRI BRI OTOL CTOTH O =T

PROPONE DNODDOD DR R e DN
PRANGT NONWU DHGONID DOORDT ODJW0K OO
GO RE) NDNNE e SRR Wk RN
WVJOHRO RO OODTN PWORON ONHDMHE OO
HEEEE HPDONN DS DR e e e e
ORWI0 ©OJODH NGO WODND0 TR BPDIID

R R MDD DR DN DD W

DR e e e e DN
VOB OUIR WRBRRR NWNRW WHRBRNID OO0 OO H
PO UNUID NRDRD NWRDD WHWRD POHON ~I~T0O 0
HEEEEE e R R e e

2.4
2.0
2.0
1.8
1.6
1.8
1.8
19
L9
1.9
2.4
2.9
3.3

@ (tage height evidently 1 foot too low.
NotEe.—Discharge relation affected by ice about Mar. 19-31, and by backwater caused by grass in channel
about July 26 to Sept. 30.

Daily aischarge, in second-feet, of Red Cedar River near Colfax, Wis., for the year ending
Sept. 80, 1914.

Day. Apr. | May. | June.|July. | Aug. | Sept. Day. Apr. | May. | June.|July. | Aug. | Sept.

) PR 1,760| 1,370| 1,010{ 2,880 760 670 || 16.......... 760/ 630| 870{ 1,560| 600; 600
2. 1,190| 1,010, 870{ 1,980{ 710, 710 || 17.......... 710| 670; 810| 1,560 600 1,560
E S 1,100 870 810( 1,760, 630 670 (| 18.......... 710{ 600| 720{ 1,280] 630| 1,280
4. .. 1,190} 1,100 3,12Q| 1,660, 670} 600 || 19.......... 1,100 630] 760| 1,280} 630| 930
I 1,010{ 1,010| 4,030{ 1,660 670 600 || 20.......... 1,560 600 760 870 600 1,010
[ 870| 930| 3,250 1,190 630 600 |[21.......... 1,460 670 760{ 7€0| 600{ 930
Y SR 870]  930| 2,640 1,010, 630 600 || 22.......... 1,280 670 760/ 760| 600| 1,370
8 ... 810/ 930{ 2,090{ 1,100 600 630 | 23.......... 1,190 670 1,010{ 760| 810| 1,560
[ DO 760{ 930( 1,660{ 1,010, 600| 710 {|24.......... 1,010 670| 1,560 870| 760| 1,460
100....on... 760| 870| 1,980 760, 600 760 || 25.......... 1,190 630} 1,660) 870| 710| 810
) P 810( 760( 1,190, 760/ 600{ 760 || 26.......... 1,460f 670/ 1,980 710| 670 760
120......... 760{ 710{ 1,010( 870 600 670 {{ 27.......... 1,190{ 710| 3,640( 670 630, 710
b & J 670| 670 870| 1,280 600 670 |f 28.......... 1,370{ 760( 4,170| 670, 600| 760
4.......... 760, 670/ 870 1,560{ 600 810 || 29.......... 1,760| 1,370| 4,030 710, 600| 670
15, ..eeee 760| 630 870| 1,280 600| 1,100 {| 30.......... 1,760| ~870| 2,880 710[ 600 760
1) SRR IR 810|...... 810| 600]......

NotE.—Daily discharge computed from a rating curve well defined between 760 and 4,450 second-feet
(gage heights, 1.6 and 5.0 feet).

Mean discharge Mar. 19-31 estimated, because of ice, from gage heights, observer’s notes, discharge meas-
urement and climatologic records, at 968 second-feet, .

See “ Accuracy’’ in station description,
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Monthly discharge of Red Cedor River near Colfax, Wis., for the year ending Sept. 30, 1914.

[Drainage area, 1,100 square ﬁliles.]

. in ’
Discharge in second-feet. guntiﬁn

¢ ’

Month, gnc eson {Accu

Maximum, | Minimum, | Mean, | square | Orainsge | "%

um, . 3 sglulgl e.e area).

March 19-31 968 0.880 0.43 | D
April... 1,090 .991 1.1 | A
y 807 .734 8 | B
June 1,760 1.60 1.78 | A
July. 1,150 1.05 1.21 | B
Auj 637 .579 .67 | B
Sep 858 . 780 .87 | B

Note.—See footnotes to tables of daily gage height and daily discharge.

RED CEDAR RIVER AT CEDAR FALLS, WIS.

Location.—At the highway bridge in the vicinity of Cedar Falls, Wis., 4} miles above
the crossing of the Chicago, St. Paul, Minneapolis & Omaha Railway.

Records available.—April 1, 1909, to September 30, 1914.

Drainage area.—Not meagured.

Gage.—Staff gage fastened to bridge pier; read daily, morning and evening, to tenths.

Channel and control.—Probably permanent.

Discharge measurements.—No discharge measurements have been made at this
station. The station is maintained for the purpose of determining the fluctuation
in stage. )

Winter flow.—Winters are severe in this locality, but the discharge relation is
apparently not greatly affected by ice, probably because of the rapids a short
distance below the station which ordinarily do not entirely freeze over.

Regulation.—The operation of small storage reservoirs at the headwaters of the river,
together with storage at the power plants above the gaging station, modifies the
flow to such an extent that it can not be considered natural.

Cooperation.—Gage heights furnished by the Wisconsin & Minnesota Light &
Power Co. )
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Daily gage height, in feet, of Red Cedar River at Cedar Falls, Wis., for the year ending
Sept. 80, 1914.

[Albert Malhus, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.4 2.55( 2.75| 2.6 2.2 2.3 3.95( 3.7 3.0 4.45| 2.5 2.8
2.4 1.6 2.8 2.7 2.4 2.4 3.8 3.5 3.05| 415 2.5 2.7
2.5 2.5 3.0 2.7 2.4 2.5 3.45| 3.1 3.25) 3.8 2.45 2.75
2.5 2.5 2.8 2.6 2.4 2.5 3.2 3.1 3.9 3.6 2.5 2.7
2.4 2.5 2.7 2.65| 2.4 2.5 3.1 3.0 5.05| 3.35| 2.5 2.7
2.5 | 2.4 | 265 2.7 | 2.4 | 2.5 | 3.1 2.95| 4.9 | 3.1 2.5 2.7
2.6 2.45| 2.6 2.7 2.45| 2.5 3.0 2.9 4.6 3.1 2.55 2.7
2.5 2.5 2.6 2.7 2.2 2.3 3.0 2.9 4.4 2.8 2.6 2.65
2.5 2.1 2.65| 2.6 2.4 2.5 2.8 | 2.75| 3.8 2.8 2.6 2.7
2.5 2.65 | 2.6 2.5 2.4 2.5 2.75| 2.7 3.65| 2.7 2.5 2.8
2.5 ) 26 | 26 | 2.4 | 2.4 | 25 | 2.7 | 2.7 3.6 | 2.7 | 2.3 2.7
2.5 | 2.6 | 2.6 2.5 2.4 | 2.55| 2.75 | 2.7 3.45| 2.8 | 2.3 2.7
2.5 2.6 2.7 2.5 2.35| 2.2 2.7 2.6 3.4 3.0 2.2 2.85
2.5 2.55 | 2.7 2.5 2.3 2.5 2.795 2.6 3.25| 3.05| 2.25 2.95
2.4 2.55 | 2.7 2.5 2.3 2.4 2.7 2.6 3.0 3.1 2.2 3.2
2.4 | 20 | 2.7 2.5 2.4 | 27 | 27 | 2.6 | 2.95] 3.1 2.1 3.3
2.4 2.4 2.7 2.5 2.4 3.151 2.7 2.5 2.95| 3.1 2.1 3.4
2,45 2.4 | 2.7 2.4 2.45| 3.6 2.7 2.6 2.85| 2.9 | 2.2 3.3
1.5 2.35| 2.6 2.5 2.45} 3.5 3.0 2.6 2.8 2.75 ] 2.25 3.2
2.8 25 | 2.6 | 2.5 2.4 | 3.2 | 3.3} 2.6 | 27 | 2.8 | 2.3 3.1
2.9 | 2.5 2.6 2.45| 2.4 | 2.85| 3.5 | 2.55| 2.6 | 2.7 | 2.5 2.95
2.7 | 26 | 26 | 2.5 1.9 | 28 | 3.4 ! 26 | 2.8 1 2.7 | 255 3.0
2.5 2.45 | 2.55| 2.5 2.45| 2.75| 3.45| 2.5 |. 2.95| 2.6 2.7 3.2
2.4 2.5 2.6 2.45| 2.5 2.8 2.5 2.5 3.2 2.75 | 2.8 3.35
2.15| 2.6 | 2.6 | 2.3 2.5 | 28 | 2.5 2.6 | 3.55| 2.8 | 2.75| 3.25
2.0 | 2.6 | 2.6 2.5 2.4 | 2.8 | 3.5 | 2.6 | 3.9 | 275 2.75| 3.15
2.5 2.5 2.6 2.5 2.45| 2.85| 3.6 2.8 4.1 2.6 2.6 Joeewenn
2.4 2.6 | 2.2 2.5 2.5 3.0 3.6 3.25| 57| 2.6 2.65 |.

2.4 2.6 2.6 2.6 |.. 3.3 3.55| 3.3 535 2.55| 2.7
2.4 2.45| 2.5 2.55 3.8 3.7 3.25| 4.85| 2.6 2.6 (.
2.5 feeee... 2.6 2.5 4.05....... 3.1 |o...... 2.6 2.7 |.

RED CEDAR RIVER AT MENOMONIE, WIS.

Location.—About 900 feet below the power house of the Wisconsin & Minnesota
Light & Power Co., about 13 milesabovethe confluence of Red Cedarand Chippewa
rivers. Wilson Creek enters from the right into the service reservoir just above
the station.

Records available.—June 16, 1907, to September 5, 1908; May 9, 1913, to September
30, 1914.

Drainage area.—1,810 square miles,

Gage.—From June 16, 1907, to September 5, 1908, the gage was attached to a highway
bridge about 200 rods west of the Chicago & North Western Railway station west
of Menomonie; on May 9, 1913, a Barrett & Lawrence recording gage was installed
over wooden intake and well on right bank of river about 1 mile above site of old
gage. Relation between datums of the two gages not determined.

Channel and control.—Heavy gravel and rock; permanent.

Discharge measurements.—Made from the highway bridge to which the old gage
was fastened.

Winter flow.—Formation of ice on the control is prevented by the flow of relatively
warm water from the service reservoir immediately above the gage; winter
records as accurate as those of summer.

Regulation.—Considerable diurnal fluctuation in stage at the gage section is caused
by the operation of the power plants of the Wisconsin & Minnesota Light & Power
Co. at Menomonie and Cedar Falls, and minor changes are also caused by smaller
plants on the tributaries of the Red Cedar above Menomonie,
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Nore.—Discharge relation probably not materially affected by ice.
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Daily discharge, in second-feet, of Red Cedar River at Menomonie, Wis., for the year ending
Sept. 80, 1914,

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,790 | 1,660 | 2,160 | 1,050 | 1,210
2,110 | 1,700 | 1, 866 | 1,110
1,910 | 1,610 | 1,110 | 1,320 | 1,160
1,720 (22,380 (¢1,760 { 1,120 | 1,290
1,790 | 4,750 | 2,330 | 1,180 | 1,080
1,800 | 6,700 | 2,240 | 1,140 | 1,150
1,800 | 5,340 | 1,740 1,290
1,660 | 4,640 | 1,500 | 1,180 | 1,300
1,680 | 1,210 | 1,640 2| 1,210
1,280 | 1, 1,520 | 1,070 | 1,260
1,920 | 2,790 { 1,460 | 1,020 | 1,180
1,160 | 1,910 | 1,250 | 929 | 1,150
1,400 | 2,020 }'1,500 | 1,020 1,250
1,190 | 1,080 [¢1,700 | 1,060 | 1,290
1,780 | 1,550 |¢1,730 | 1,050 | 1,850
1,110 | 1,350 | 1,760 602 [ 2,110

903 | 1,430 | 1,840 | 1,020 | 2,190
1,180 | 1,350 | 1,920 2,190
1,300 | 1,300 | 1,500 | 878 | 1,730
1,260°| 1,180 | 1,660 | 782 1,500
1,100 | 1,220 | 1,440 | 794} 1,550
1,180 | 1,520 | 1,420 | ~ 866, 1,640
1,160 | 1,330 | 1,360 770'|. 1,970
519 | 2,190 | 1,220 | 1,070 | 2,030
1,260 | 2,490 | 1,230 | 1,480 | 2,030
1,260 |.2,980 | 1,070 | . 614 | 1,820
1,550 | 4,070 | 1,250 | 1,100 | 1,230
1,980 | 5,860 | 1,430 | 1,160 | 1,330
2,030 24,520 1,290 | 1,150 | ‘1,350
1,840 | 3,560 { 1,060 854 | 1,180
1,860 |....... 1,030 | 1,080 |.......

a Estimated in part.

Note.—Daily discharge computed from a rating curve well defined between 530 and 7,730 second-feet

(gage heights, 2.1 and 5.7 feet).

Monthly discharge of Red Cedar River at Menomonte, Wis., for the year ending Sept. 30,

1914.
[Drainage area, 1,810 square miles.]
Discharge in second-feet. gmﬁf i
epth in
Month. gnc eson [AcCU-
. - Per drainage racy.
Maximum. | Minimum. | Mean. sx%%laér‘e area).
[0 U 1,540 626 1,010 0.558 0.64 | A.
November . 1,670 614 977 . 540 .60 | A.
December. 1,720 354 918 . 507 .58 | A.
January... 1,120 486 849 . 469 .54 | A
February. 1,070 578 872 .482 .50 | A
arch..... 3,460 602 1,250 .691 .80 | A.
April... 3,070 929 1,760 .972 1.08 | A.
ay.. 2,790 519 1,530 .845 .97 | A,
June. . 6,700 1,080 2,590 1.43 1.60 | A.
July.... 2,330 1,030 1,550 .856 .99 | A.
August. .. 1,480 602 994 .549 . A.
September.............. ...l 2,190 1,080 1,490 .823 .92 1 A,
THO JOAT - e eeeeneanecennnnnnnns 6,700 354 1,320 .729 9.85

97825°—wsP 385—15——10
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ZUMBRO RIVER AT ZUMBRO FALLS, MINN.

Location.—At the highway bridge at Zumbro Falls, about 8 miles below the mouth
of South Branch.

Records available.—June 8, 1909, to September 30, 1914.

Drainage area.—1,120 square miles.

Gage.—Chain gage attached to bridge; read twice daily to hundredths. Limits of
use: Hundredths below 5.0, half-tenths between 5.0 and 6.5, and tenths above
6.5 feet. '

Channel and control.—Slightly shifting.

Discharge measurements.—Made from bridge.

Winter flow.—For a short time during and following extremely cold weather ice
forms below gage and causes backwater. The river is, however, fed by springs
in the vicinity of the gage and the warmer water gradually wears away the ice.
Daily gage heights are recorded during the winter and from a close inspection of
gage heights and temperature the necessary corrections can be made in the
discharge.

Maximum flow.—The high water of June, 1908, which reached a stage of 26.7 feet
abovethedatum of the gage, ismarked by a spike in a telegraph pole near the rail-
road station at Zumbro Falls. The high water of April, 1888, reached a stage of
approximately 29.7, as shown by a mark not so well defined as that of the 1908
flood.

Regulation.—The slight artificial regulation at the small power plants above Zumbro
Falls is not observable at the gage.

Discharge measurements of Zumbro River at Zumbro Falls, Minn., during the year ending
Sept. 80, 1914.

[Made by S. B. Soulé.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
Jan. 16...cciiiiiiiniiiiia.. 4.81 @16l | APr.7. . .cicicimimiaannnaan. 5.38 262
Feb.20...ccouiineminnnnnann.. 4.84 D138 || AUg.27. e, 5.01 215

aControl clear; no ice. b Small amount of ice at control.
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Sept. 30, 1914.

[A. H. Sugg, observer.]

and Feb.

)

22328 2383 29BBY DLV ~20NT 333D

UPPER MISSISSIPPI RIVER DRAI{TAGE BASIN.
Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr.‘ May. | June. | July. | Aug. | Sept.

P 1010
T 88
G 16165 S <

Daily gage height, in feet, of Zumbro River at Zumbro Falls, Minn., for the year ending

Day.

)
L

.—Discharge relation probably affected by ice about Dec. 8-9, 21-22; Jan. 12-14, 28-31

Nore

1-28.
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Dailydischarge, in seamd;féet, of Zum

bro River at Zumbro Falls, Minn.
Sept. 30, 1914.

, for the year ending

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
174 | 182 | 170 | 166 |....... 232 | 498| 80| 238|1,690| 270 211
189 170 172 158 |....... 193 403 620 267 | 1,450 255 201
189 172 1 166 |....... 206 367 518 267 | 1,120 270 201
189 180 189 169 |....... 189 332 518 282 970 255 199
1 182 191 158 |....... 295 298 479 315 872 240 203
176 172 189 169 |....... 360 267 441 332 756 240 191

174 166 170 {....... 308 267 367 | 2,890 689 226 189
2 182 170 166 |....... 325 267 332 | 1,810 624 240 194
218 164 170 150 |....... 308 252 332 | 1,120 603 226 189

158 170 139 |....... 308 238 298 542 213 189
206 160 276 224 441 825 482 226 189
206 172 276 210 538 | 1,570 463 213 187
191 172 342 224 460 | 1,750 444 208 191
193 166 698 210 385 | 2,060 426 213 211,
182 172 980 198 332 | 2,740 426 213 226
174 | 166 834 | 210| 298| 1,600| 426 208 213
172 159 612 198 267 | 1, 407 8 203
172 | 166 452 | 210| 267 970| 38| 226 201
174 162 360 224 267 872 354 104
176 174 308 238 267 | 1,870 371 270 189
174 174 308 267 367 | 6,250 336 240 201
172 191 292 252 599 | 3,860 336 226 240
182 261 261 238 558 | 1,690 336 270 226
174 180 276 238 441 336 226
185 185 232 267 441 | 1,570 302 255 213
174 193 210 298 441 | 4,560 302 255 213
180 191 198 385 403 | 7,750 286 240 208
193 189 224 | 1,440 332 | 5,850 302 226 194
191 185 599 | 1,800 315 | 2,890 270 226 194
191 182 965 | 1,120 298 | 1,870 270 211 194
180 |....... 685 |....... 267 |....... 270 203 |.......

Norte.—Daily discharge determined as follows: Oct. 1, 1913, to Mar. 25, 1914, from a well-defined ratin

curve; Mar. 26 to Sept. 30, from two rating curves based

Aug. 27; Dec. 8-9, 21-22, and Jan. 12-14, estimated on account of ice. g
from gage heights observer’s notes, discharge measurements, and climatic records as follows: Jan. 28-31.
160 second-feet; and Feb. 1-28, 165 second-feet. .

on discharge measurements made Apr. 7 an

ischarge estimated, use of ice,

Monthly discharge of Zumbro River at Zumbro Falls, Minn., for the year ending Sept. 30,
. 1914,

[Drainage area, 1,120 square miles.}

Discharge in second-feet. R un. tﬁ’fn
o
Month, Per es on “l:gg;l,'
Maximum, | Minimum, | Mean. | square area)
mile. .
186 0.166 0.19 | A.
178 .159 18 | Al
166 .148 .17 | B.
157 .140 .16 | C.
165 a7 15| cC
391 .349 .40 | C.
388 346 .39 | B.
410 .366 .42 | B.
2,060 1.84 2.05 | B.
544 .486 . B.
235 .210 24 | Al
203 .181 . A.
423 378 5.11
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SOUTH BRANCH OF ZUMBRO RIVER NEAR ZUMBRO FALLS, MINN.

Location.—In sec. 22, T. 109 N., R. 14 W., at the Woodville Bridge, 14 miles above
the mouth of the river and 6 miles below the mouth of the Middle Branch.

Records available.—June 16, 1911, to September 30, 1914.

Drainage area.—821 square miles. .

Gage.—Chain gage attached to bridge; read daily, morning and evening, to quarter-
tenths. Limits of use: Hundredths below 2.5, half-tenths between 2.5 and 3.5,
and tenths above 3.5 feet. _

Channel and control.—Control is at a well-defined riffle a short distance below gage;
channel practically permanent.

Discharge measurements.—At medium and higher stages, from highway bridge;
at low stages, by wading a short distance above the gage.

Winter flow.—River freezes over near the station after long cold periods. The
rapids below, however, remain partly open, so that the effect from backwater is
slight. Discharge measurements are made to aid in estimating flow for the winter,

Regulation.—Effect of the small power plants above station is not noticeable at the
gage.

Discharge measurements of South Branch of Zumbro River near Zumbro Falls, Minn.,

during the year ending Sept. 30, 1914.
[Made by S. B. Soulé]

Gay Dis- Ga Dis-
Date. height. | charge. Date. height. | charge.
Feet. | Sec.ft. Feet. | Sec. ft.
Jan. 15, .o 1.98 @110 || APri6 cocienieiiiiniinannaann 2.19 ¢ 204
Feb. 19, ceeieiiiiiea e 2.11 590 || AUZ.26...ciciieiiiiiiaiaaaaaaan 2.15 158

a Measurement made from ice about 50 feet above gage. Control practically clear of ice. Very little
if any backwater from ice.
bAlmost complete ice cover at control.
¢ Control clear.
Daily goge height, in feet, of South Branch of Zumbro River near Zumbro Falls, Minn.,
Jor the year ending Sept. 30, 1914.

[W. M. Whipple, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.01 | 197 198 ...... 2.40 | 2.55| 2.8 | 2.15| 5.5 2,26 2.12
2.07( 2.01{....... 2.25| 2.30| 2.48| 2.75| 2.11} 5.0 2.27 2,11
2.056| 201 1.92| 2.20| 220} 2.35| 2.65| 2.13| 3.8 | 2.2 2.12
2.02 | 2.03 |..coeofeaann-n 2. 2,25 2.6 2.28 | 3.6 2.26 2.12
2.05 | 204 192 2.05| 2.40} 2.18) 2.5 2.43 | 3.4 2.26 2.11
2,05 2.01 |......]-ennnnn 2.5 2,18 2.46 | 4.7 3.2 2.25 2.06
2,06 2.01| 1.92| 2.00| 2.42| 2.16| 2.44| 4.6 2.95 | 2.23 2.05
2,02 L99 |.....feenannn 2.30| 2.18| 2.33| 5.0 2.8 2.18 2.04
2.01 | 1.97| 1.95| 2.00| 2.28| 2.12| 2.30| 3.8 | 2.65| 2.16 2.04
2.00] 2.05....... 2.05| 2.28| 2.14| 2.24| 2.95| 2.7 2.15 2.02
A 1.94| 2.01| 1.8 | 2.056| 2.22| 2.11| 2.26 | 2.9 2.65 | 2.13 2.02
A 2.02] 201 1.95] 2.10) 2.20) 2.06 | 2.26 | 3.9 2.556 | 2.12 2.02
. 1.98 1 2.01 |....... 215 2.25| 2.10) 2.23| 4.3 2,55 | 2.13 2.04
. 1.98) 1.96 ) 1.98| 2.10 | 2.40| 2.04 | 2.25| 5.6 2.45| 2.11 2.02
2.06| 2.05| 1.94| 2.00| 2.18| 3.3 2.04) 2.18| 4.9 2.5 2.11 2.05
2.05| 2.05( 1.97....... 2.10| 3.0 2.05| 2.17| 3.6 2.47 1 2.11 2.06
2.06| 2.02| 2.01| 1.92| 210 2.8 2.06| 2.14| 3.4 2.49 | 2.09 2.11
2.01( 2.00( 2.04| 1.90| 2.15| 2.421 2.04( 2.09| 3.3 2,471 2.16 2.10
2.05| 2.02| 2.01 |....... 2,10 2.30| 2.05| 2.13| 3.35| 2.40| 2.17 2.11
2.05( 2.05°( 2,06 2.30| 212! 2.28| 216 211| 5.0 2.39 | 2.17 2.09
. 2.01| 2.05! 2.06|....... 2,18 2.201 2.19| 3.25| 7.7 2.40 | 2.19 2.16
. 2.02( 2.04] 2.03| 2.00| 2.12| 2.15| 2.18| 2.5 6.4 2,42 2.18 2.16
. 2.00] 202 1.95) 1.92| 2.10| 2.12| 2.15| 2.45| 4.6 2.37| 2.19 2.15
24. 2,00 2.01 | L91|....... 2,12 2.15( 2.15| 2,40 4.4 2.33 ( 2.17 2.15
25. 2.05| 2.05| 1.8 ....... 2.15| 2.10| 2.21| 241} 7.2 | 230 2.17 2.11
26 2.00| 2.05| 1.80| 1.88| 2.18| 2.15| 2.29 | 2.41| 6.1 2.32| 2.18 2.09
27 2,021 2.02| 1.94|....... 2.30| 2.10| 2.65| 2.35| 10.3 2.30| 2.15 2.02
28 2.06| 2.05| 1.89| 1.95| 2.8 2.10 | 4.7 2.20 | 8.8 2.30 | 2.15 2.04
26 205 2.04( 1.8 | 40 |....... 2.8 4.6 2.21, 6.3 2.33 | 2.12 2.04
30 2,05 2.02] 1.80| 2.48 |....... 3.25| 3.5 2.20 | 4.9 2.33| 2.12 2.05
31 2.00 |....... 196 [oeeeeii)inenas 2.85 |....... 2.15 |....... 2.29 | 2.11 |.......

NortE.—Discharge relation probably affected by ice about Feb. 1-28, 1914.
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Daﬂy discharge; in second-feet, of South Branch (g Zumbro River near Zumbro Falls,
Minn., for the year ending Sept. 80, 1914.

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

5
N
=
»
g
1)
83
gn—l
g8
i
S

172 790 285 152 135
162 690 293 145 152
145 640 285 169 1
158 665 258 172 152
152 | 1,640 254 172 145
618 | 4,090 258 180 169
297 | 2,850 266 176 169
278 | 1,380 247 180 166
258 | 1,250 231 172 166
262 | 3,590 220 172 152
262 | 2,580 228 176 145
239 | 6,820 220 166 122
183 | 5,190 220 166 128
187 | 2,760 231 155 128
e . 183 | 1,580 231 155 132
. 220 166 [....... 216 152 |.......

Nore.—Daily discharge computed from a rating curve well defined between 62 and 3,890 second-feet
(§age heiigshts 1.8and 7.5 feet). ~Above 3,890 second-feet (gage height, 7.5 feet) the rating curve is an exten-
sion and is subject to an error of about 10 per cent at a discharge of 6,490 second-feet (gage height, 10.0 feet).
Discharge Feb. 1-28 estimated, because of ice, from %;age heights, observer’s notes, one discharge measure-
mﬁt, and climatic records, at 115 second-feet. Discharge interpolated for days on which gage was not
read. . .

Monthly discharge of South Branch of Zumbro River near Zumbro Falls, Minn., for the
year ending Sept. 30, 1914, ’ '

[Drainage area, 821 square miles.]
Discharge in second-feet. Run-off
: (depthin |, .
Mont. Per lgfaﬁsagg' racy.

Maximum. | Minimum. | Mean. | square area).
mile.

L0 T 148 109 127 0.155 0.18 | B.
96 14 .151 .17 [ B,
108 .132 .15 1 B.

143 .174 . B.

115 140 .15 | C.

264 .322 .37 B.

282 .343 .38 | B.

. 305 8 B.

1,650 2.01 2.24 | B.

445 542 .62 | A,

173 .211 24| B.

142 .173 .19 | B,

318 .387 5.24
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TREMPEALEAU RIVER AT DODGE, WIS.

Location.—At highway bridge in the village of Dodge, Wis., 9 mlleJ above mouth of
river.

Records available.—December 13, 1913, to September 30, 1914.

- Drainage area.—633 square miles.

Gage.—Chain gage attached to downstream side of bridge; read daily, morning and
evening, to half-tenths. Limits of use: Half-tenths below and tenths above 2.0
feet.

Channel and control.—Sand; likely to shift at medium and high stages.

Discharge measurements.—Made from downstream side of bridge.

Winter flow.—Discharge relation affected by ice; discharge determined from meas-
urements made through the ice.

Regulation.—No power plants above station having sufficient storage capa.cxty to
affect the natural flow of the river.

Accuracy.—Records good except for a short period in May when there was a decided
changein the discharge relation asshown by discharge measurements made during
June.

Discharge measurements of Trempealeaw River at Dodge, Wis., during the year ending Sept.

0, 1914

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. | Date- Made by— height. | charge,

Feet. | Sec.ft. Feet. |Sec.ft
Dec. 13 | Canfield and Beckman.| 1.82 a274 || June 11 6. 45 1,600
Jan. 23 | Hoyt and Steller.......| 2.04 5190 12 4,96 1,060
Feb. 28 | O. A. Steller........... 2.67 b201 12 4.27 796
Apr. 3 G H. Canfield ......... 3.46 c682 13 3.81 709
ay 13 | H. C. Beckman........ 2.36 442 || Sept. 2 2.32 397
June 9| G. H. Confield......_.. 8.40 3,540 2 2.42 418

10 |..... Lo 10 7.88 2,740

a Measurement made from bridge; some ice below bridge.
b Measurement made under complete ice cover.
¢ Control clear.
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ht, in feet, of Trempealeau River at Dodge, Wis., for the year ending Sept.

eig

Daily gage h.

30, 1914.
[J. Johnson, observer.]
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Nore.—Discharge relation afected by ice about Dec. 13, 1913, to Mar. 15, 1914,

TS
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Daily discharge, in second-feet, of Trempealeaw River at Dodge, Wis., for the year ending
Sept. 30, 1914.

Day. Mar. | Apr. | May. | June. | July. | Ang. | Sept.

619 582 | 1,100 294 340
528 438 827 324 . 404
465 438

438 663 302
445 605 605 309 421
426 801 514 279 421
408 | 1,100 456 294 438
391} 1,570 438 279 372
359 | 2, 456 294 309
359 | 3,360 404 272 309
375 | 2, 372 279 302
408 | 1,670 388 279 309
426 514 294 309
408 750 801 272 204
408 750 967 286 404
359 701 908 272 559
359 605 536 286 5569
343 514 456 279 474
314 456 438 294 421

970 | 1, 309 309 309
853 | 1,400 309 204 302
750 |.oen.... 204 | 324 |ie......

Norte.—Daily discharge, Mar. 16 to May 29, computed from a fairly well defined rating curve; daily dis-
charge, May 30 to Sept. 30, computed from a rating curve well defined between 340 and 3,530 second-feet
(gage heights, 2.0 and 8.4 feet).

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 13-20, 270 second-feet; Dec. 21-31, 1913, 285 second-feet; Jan. 1-10, 270
second-feet; Jan. 11-20, 240 second-feet; Jan. 21-31, 350 second-feet; Feb. 1-10, 410 second-feet; Feb. 11-20,
205 second-feet; Feb. 21-28, 180 second-feet; and Mar. 1-15, 1914, 600 second-feet.

Monthly discharge of Trempealeav. River at Dodge, Wis., for the year ending Sept. 80, 1914.

[Drainage area, 633 square miles.]

Discharge in second-feet. g“’%ﬁ’ it
epth in
Month, : Per gnc les on ‘:ggg’
Maximum. | Minimum. | Mean, | square dﬁgg;ge
mile. :
279 0.441 0.31(C
9 . 457 .53 | D
271 .428 .45| D
676 1.07 1.23 | C.
570 .900 1.00 | A.
488 .77 .89 | B.
1,030 1.63 1.82 | A.
498 787 .91 | AL
311 .491 .57 | B.
376 .5%4 .66 | A.
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BLACK RIVER AT NEILLSVILLE, WIS.

Location.—At lower highway bridge, city of Neillsville, Wis. O’Neill Creek enters
from the left about 1 mile above the gage, and Cunningham Creek, also from the
left, about 14 miles below.

Records available.—April 7, 1905, to March 31, 1909; December 11, 1913, to Sep-
tember 30, 1914.

Drainage area.—774 square miles (revmed since last published).

Gage.—Chain gage fastened to downstream side of highway bridge; read daily, morn-
ing and evening, to quarter-tenths. Limits of use: Hundredths below 3.5 feet,
half-tenths between 3.5 and 4.5 feet, and tenths above 4.5 feet.

Channel and control.—Heavy gravel and rock; practically permanent.

Discharge measurements.—Made from bridge and by wading.

Floods.—On June 6, 1905, the river reached a stage of 19.8 feet; on June 5, 1914, a
stage of 19.55 feet. A rating curve, developed during June, 1914, when discharge
measurements were made at a stage of 12.53 feet, indicates that the discharge June
6, 1905, was approximately 29,400 second-feet® and on June 5, 1914, 28,700 second-
feet.

Winter flow.—Discharge relation affected by ice.

Regulation.—Marked by diurnal fluctuations, especially during low stages, are
caused by the operation of power plants above.

Accuracy.—Medium and high stage records excellent; low-stage records, especially
during ’Ehe winter, only fair, owing to diurnal fluctuations.

Discharge measurements of Black River at Neillsville, Wis., during the year ending Sept.

30, 1914.
Gage | Dis- ' | Gage | Dis-
Date. Made by— height. | charge. Date. Made by— - height. | charge.
Sec.-ft.
Dec. 11 a 186 June 6
Jan. 24 b47.8 8
o | s
T ept.
M‘Ey 12 621 v 5
a Ice at control section. b Measurement made under complete icel cover.

1 Previously determined as 23,000 second-feet from a curve the highest measirement of which was made
at a stage of only 7.7 feet.
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Daily gage height, in feet, of Black River at Neillsville, Wis., for the year ending Sept. 30,
1

.

[A. Bissell, observer.]

Day. Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.95 5.9 3.9 6.9 7.6 4.25 7.0 2.75 3.11
3.05 5.6 3.05 6.9 6.7 3.9 6.8 2.68 3.40
2.95 5.2 2.75 6.5 6.1 3.85 5.8 2.49 4.3
2.8 5.0 3.1 6.0 5.6 10.8 5.0 2.55 4.3
2.65 5.0 3.2 5.5 5.2 17.5 4.4 2.41 5.5
2.9 4.8 3.9 5.3 5.1 13.2 4.2 2.50 5.7
2.7 4.7 3.3 5.1 4.8 11.2 3.9 2.34 4.3
2.7 4.5 3.2 4.8 4.7 9.0 3.55 2.40 3.75
2.7 4.35 3.1 4.6 4.5 7.3 3.36 2.38 3.40
2.7 4.5 3.1 4.4 4.3 6.0 3.22 2.54 3.21
2.65 4.3 3.25 4.4 4.25 5.3 3.08 ] 2.59 3.45
2.65 4.2 3.65 4.4 4.4 4.6 3.8 2. 54 3.75
2.15 4.2 4.4 4.5 4.3 4.15 6.0 2.65 3.85
2.95 4.3 5.6 4.9 4.05 3.9 5.2 2.70 4.9
3.1 4.2 6.6 5.2 4.05 3.85 4.5 2.49 7.9
3.05 3.55 6.3 5.3 3.75 4.45 3.9 2.52 7.5
3.1 3.3 6.9 5.6 3.55 4.15 3.5 2.41 7.4
3.25 4.05 6.4 5.7 3.44 3.8 3.25 3.36 6.5
3.1 3.15 6.1 6.5 3.30 3.65 3.04 2.99 5.7
3.0 3.0 5.6 6.7 3.26 3.65 2.98 4.1 4.8
2.75 3.0 3.8 5.3 6.4 4.8 4.3 3.12| 4.2 4.3
2.85 2.9 4.2 5.0 6.0 9.1 4.5 2.81 3.75 4.2
2.6 3.2 2.8 4.7 5.7 7.7 4.2 2.86 3.7 4.6
2.8 3.2 2.95 4.6 5.5 6.7 4.25 2.72 3.55 4.5
2.6 3.0 3.0 4.6 | 87 6.0 4.3 2.68 3.9 4.3
2.7 3.3 2.8 4.5 8.2 5.3 4.5 2.61 3.95 4.2
2.7 3.3 3.0 4.6 7.7 6.7 7.2 2.62 3.55 3.95
2.65 3.5 3.0 4.8 8.1 5.8 8.4 2.71 3.4 3.75
2.6 5.9 7.4 9.1 5.6 8.0 2.68 3.3 3.55
2.7 5.5 9.1 8.7 5.4 6.9 2.68 3.12 3.44
2.85 5.4 6.9 [........ 4.8 [ceeennnn 2.86 3.16 [.caeennn

Norte.—Discharge relation affected by ice Dec. 11, 1913, to about Mar. 31, 1914.

Daily discharge, in second-feet, of Black River at Neillsville, Wis., for the year ending Sept.

bt}

Day. Apr. | May. |June.|July. | Aug. | Sept. Day. Apr. | May. |June.| July.| Aug. | Sept.
72 129 || 16...co..... 1,220| 340 672| 400 50| 3,160
64/ 210 || 17.......... 1,430] 262| 515 245 43| 3,060
47 590 |[ 18...cccnnn.. 1,500 224 360{ 164 197| 2,160
52| 590 || 19..........] 2,160{ 178 300 116{ 106( 1,500
43| 1,360 || 20. . ec...... 2,360 167| 300 105 490 880
48( 1,500 |[ 21..........| 2,070 0| 590 132 590
39 5 22, aiinans 1,720( 5,160| 700| 79| 340 540
42| 340 || 23.......... 1, 500| 3,360, 540 86] 320| 760
41| 210 || 24.......... 1,360 2,360 565 68 262 700
51 163 || 25.....c..... 4,560( 1,720] 590 64( 400, 590
55| 228 | 26.......... 3,910 1, 700} 57| 422 540
51 340 || 27..........| 3,360| 2,360| 2,860 58| 262 422
61 380 | 28.......... , 790 1,570 4,160 67| 210 340

945 1 29. . ........ 5,160 1,430| 3, 680 178] 262
47| 3,570 || 30.......... 4,560/ 1,290| 2,560 64/ 132 224
3 R 880]...... 86 141......

Note.—Daily discharge determined from a rating curve fairly well defined below 445 second-feet (gage
height 4.0 feet), and well defined between 445 and 14 300 second-feet, (gage heights 4.0 and 14.0 feet).
Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 11-20, 96 second-feet; Dec. 21-31, 54 second-feet; Jan. 1-10, 51 second-feet;
Jan. 11-20, 67 second-feet; Jan. 21-31, 232 second-feet; Feb. 1-10, 392 second-feet; Feb. 11-20, 84 second-feet;
}?elg. 21-28, 48 second-feet, Mar. 1-10, 80 second-feet; Mar. 11-20, 1,210 second-feet; Mar. 21-31, 1,330 second-
eot.
-
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Monithly discharge of Black River at Neillsville, Wis., for the year ending Sept. 30, 1914.

[Drainage area, 774 square miles.]

Discharge in second-feet.
gt
I epth in [Accu-
Month. Per agnage racy.
Maximum. | Minimum. | Mean. sq\;laxe area).
mile.

LB, O
BIERILERS
PR EEogoY

&

LA CROSSE RIVER NEAR WEST SALEM, WIS.

Location.—At highway bridge 2 miles west of West Salem, Wis., and 10 miles above
the mouth of the river. Dutch Creek enters from the right 6 miles above the
station.

Drainage area.—412 square miles.

Records available.—December 22, 1913, to September 30, 1914.

Gage.—Chain gage fastened to concrete guardrail on the upstream side of bridge;
read daily, morning and evening, to quarter-tenths. Limits of use: Hundredths
below 1.0 foot, half-tenths between 1.0 and 2.0 feet, and tenths above 2.0 feet.

Channel and control.—Heavy gravel and rock; probably permanent. The section
of the bridge was originally unfavorable for making accurate discharge measure-
ments, The channel was, however, cleaned out during the summer of 1914,
making accurate discharge measurements possible.

Discharge measurements.—Made from upstream side of bridge during medium and
high stages; by wading during low stages.

Regulation.—During low stages a small diurnal fluctuation at the gage is caused by
operation of power plant above.

Accuracy.—Results only fair; accuracy of records impaired by artificial regulation
of flow.

Discharge measurements of La Crosse River near West Salem, Wis., during the year ending
Sept. 0, 1914.

Dis- Gage | Dis-
.| charge. Date. Made by— . { height. | charge.
Sec.ft. Feet. | Sec.-ft.
@186 || June 29 4.27 1,230
a 169 29 3.85 1,080
al74 29 3.70 1,020
a 203 30 2.79 774
194 || Aug. 31 1.48 235
626 || Sept. 1 1.48 223
375
a Measurement made under partial ice eonditionx. A

Nore.—See Channel and control”’ in station description.
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Daily gage height, in feet, of La Crosse River near West Salem, Wis., for the year ending
Sept. 80, 1914.

[Henry Schucht, observer.]

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

1.45 1.65 1.8 1.9 1.75 1.55 2.2 1.5 1.7
1.45 1.6 2.0 1.85 1.7 1.45 2.2 1.5 1.75

1.45 1.5 1.65 1.75 1.6 1.5 2.1 1.5 1.6

1.45 1.5 1.75 1.65 1.6 1.55 2.0 1.5 1.5

1.45 1.45 2.0 1.5 1.65 1.9 1.9 1.5 1.4
1.45 1.4 2.1 1.55 1.5 1.95 1.75 1.4 1.4

.4 1.4 2.0 1.6 1.55 2.0 1.7 1.4 1.4
1.45 1.3 2.0 1.6 1.4 2.4 1.7 1.45 1.45
15 1.45 1.8 1.55 1.45 3.2 1.75 1.4 1.45

1.4 1.4 1.75 1.5 1.4 2.3 1.6 1.45 1.4

1.4 1.5 1.8 1.5 1.5 1.9 1.6 1.5 1.5

1.2 1.5 1.6 1.5 1.5 1.75 2.5 1.45 1.4
1.1 1.4 1.65 1.55 1.5 1.65 2.5 1.5 1.55

1.4 1.45 1.7 1.5 1.4 1.7 2.2 1.4 1.9

1.6 1.4 1.7 1.5 1.5 1.8 1.7 1.35 2.0
1.55 1.4 1.7 1.5 1.4 1.7 1.6 1.5 1.95

1.45 1.3 1.65 1.5 1.4 1.7 17 16571 1.45 1.8

1.4 1.4 1.55 1.55 1.4 1.65 1.6 1.65 1.8

1.4 1.4 1.5 1.5 1.35 1.6 1.55 1.7 1.7

1.55 1.5 1.4 1.65 1.3 1.6 1.55 1.7 1.5

........ 1.4 1.5 1.4 1.6 1.55 2.3 1.6 1.5 1.5
1.15 1.35 1.3 1.: 1.6 L7 2.5 1.55 1.5 1.65
1.6 1.7 1.5 1.4 1.5 1.75 2.4 1.55 1.6 1.55
2.3 1.5 1.4 1.4 1.9 1.75 1.95 1.55 1.6 1.55
1.45 1.3 1.45 L5 1.85 1.85 1.8 1.6 1.5 1.5

1.6 1.35 1.45 1.5 1.9 1.95 1.75 1.5 L5 1.5

1.6 1.5 1.5 1.5 1.9 1.9 3.3 1.45 1.55 1.5
1.35 1.65 2.1 1.45 1.9 1.75 4.7 1.5 1.5 1.5 -
1.5 1.65 |. 1.65 1.9 1.8 4.1 1.5 1.5 1.55
1.5 2.1 |. 2.1 1.9 1.8 2.8 1.5 1.45 1.55
1.45 L7 |eaeennn 2.1 Jeeennnn. 1.6 |eeeenn.. L5 1.45|........

Nore.—Discharge relation affected by ice about Dec. 22, 1913, to Mar. 31, 1914.

Daily discharge, in second-feet, of La Crosse River near West Salem, Wis., for the year ending
Sept. 80, 1914.

Day. Apr. | May. |June. | July. | Aug. | Sept. Day. Apr. [May. June. | July.| Aug. | Sept.
416 | 348 | 260 | 551 | 239 326 || 16..........] 239 | 204 | 326 | 281 ] 239 438
394 | 326 | 222 | 551 | 239 348 204 | 326 | 304 | 222 371

239 | 239 371 | 326 | 192 461

Nore.—Daily discharge computed from a rating curve well defined between 204 and 1,310 second-feet
(gage heights, 1.4 and 4.5 feet). . .

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Dec. 22-31, 1913, 198 second-feet; Jan. 1-15, 1914, 178 second-feet; Jan. 16-31
214 second-feet; Feb. 1-15, 200 second-feet; Feb. 16-28, 193 second-feet; Mar. 1-15, 258 second-feet; and
Mar. 16-31, 262 second-feet.
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Monthly discharge of La Crosse River near West Salem, Wis., for the year ending Sept. 80,
1914. .

[Drainage area, 412 square miles.]

Discharge in second-feet.
dopts in
ep! .
Month. Per guches on ‘333}1'
Maximum. | Minimum, | Mean. square draa;,.inage
. mile. ea).

December 22-31.......ccuieiininnicnnnnsfooaianiiniifiiiiias 198 0. 481 0.18 | C.
RE:S 0T RN R PR PR, 197 .478 .55 | C.
February.ce.eemeiiiiiiaiiiiiiacaes)eceaaaeaaae]oncacaaanans 197 .478 .50 | C.
March 260 . 631 .73 | D.
307 .745 B.
281 . 682 .79 | B.
500 121 1.35 | B.
348 .845 .97 | B.
211 . 585 .67 | B.
277 .672 .75 | B.

ROOT RIVER NEAR HOUSTON, MINN.

Location.—In sec. 34, T. 104 N, R. 6 W, at highway bridge 1 mile east of Houston,
1 mile above the mouth of South Root River.

Records available.—May 28, 1909, to September 30, 1914.

Drainage area.—1,560 square miles. )

Gage.—Vertical staff; read daily, morning and evening, to quarter-tenths. Limits

" of use: Half-tenths below and tenths above 1.5 feet.

Channel and control.—No well-defined control; channel shifting, scouring out
during floods and gradually filling in afterward; nearly permanent at low stages.

Discharge measurements.—Made from bridge.

Floods.—River overflows during heavy rains. Estimates of discharge for flood stages
above 8.9 feet in 1911, as published in Water-Supply Paper 305, are too low, on
account of an erroneous extension of the rating curve above 8.9 feet. The high-
water part of the rating curve, based on discharge measurements made on June 28
and 29, 1914, at gage heights 9.80 and 6.98 feet, gives the same discharge as the
rating curve used for 1911 at about gage height 8.9 feet. At gage height 10.0 feet
the new curve gives a discharge about 44 per cent larger than that given by the
1911 rating curve. The discharge corresponding to gage height 10.8 feet (maxi-
mum gage height, which occurred on Aug. 14, 1911) is about 15.200 second-feet.

Winter flow.—When the flow was affected by ice in 1914, estimates were based on
gage heights, climatic data, one discharge measurement and a comparison with
the flow of North Branch of Root River near Lanesboro, there being a well-defined
open-water relation between these stations.

Regulation.—No dam below the station; nearest dam above is at Rushford. As
the flow is ample at all times for the power generated at that point, it is not held
back during certain parts of the day, and the dam has no influence on the gage
heights at Houston.

Accuracy.—Because of shifting channel, the results are probably only fair.
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0, 1914.

Discharge measurements of Root River near Houston, Minn., during the year ending Sept.
[Made by S. B. Soulé.]
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Nore,—Discharge relation affected by ice about Dec. 23, 1913, to Mar. 14, 1914,
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Daity discharge, in second- feet of Root River near Houston, Minn., for the year ending
Sept. 80, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
767 407 | 2,180 468 340
638 | 407 | 1,800 | 468
602 437 | 1,530 437 407
5687 | 500)1,480 | 407 | 352
638 638 | 1,270 407 340
567 | 1,860 | 1,070 | 407 340
567 | 1, 1,020 | 407 340
533 | 1,980 933 379 340
1,4 888 | 379 315

716 | 1,580 | 533 | 379| 437
1,170 | 533 | 437

533 | 1,020 | 500 | 407 | 407

602 | 888 | 468

567 | 2,040 39| 379

a Interpolated.

Nore.—Daily discharge computed from a rating curve, well defined between 888 and 10,600 second-
feet (gageheights3 0and 10.0 feet) and fairly well defined below 843 second-feet (gage height 2. 9 feet). Dis-
charge estimated, bacause of ice, from gaze heights, observer’s notes, discharge measurements, climatic
records, and the open-water relation between the flow of North Branch of Root River near Lanesboro and
Root River at Houston as follows: Dec. 23-31, 330 second-feet; Jan. 1-31, 318 second-feet; Feb. 1-28, 251
second-feet; and Mar, 1-14, 689 second-feet.

Monthly discharge of Root River near Houston, Minn., for the year ending Sept. 30, 1914.
[ Drainage area, 1,560 square miles.]

Discharge in second-feet. §e‘m tﬁﬁ
Month, Per es on ?mm
Maximum, | Minimum. | Mean. sz%uig.e ares).
333 0.213 0.25 | B.
.195 .22 | B.
314 .201 .23 C.
318 . 204 24| C.
251 .161 .17 | D.
624 . .46 | C.
478 .306 .34 | B,
512 .328 .38 | B,
2,030 130 145 B.
828 .531 .61 B,
388 . 249 .29 | B.
391 .251 28 | B.
564 .362 4.92
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NORTH BRANCH OF ROOT RIVER NEAR LANESBORO, MINN.

Location.—In sec. 6, T. 103 N., R. 9 W., in Fillmore County, at the first highway
bridge, 1 mile above the junction of the North and South branches, 3 miles north
of Lanesboro, and about 5 miles below a small creek that enters from the west.

- Records available.—March 9, 1910, to September 30, 1914.

Drainage area.—647 square miles.

Gage.—Chain gage; read daily, morning and evening, to quar’oer—benths Limits of
use: Hundredths below 2.5, half-tenths between 2.5 and 4.0, and tenths above
4.0 feet.

Channel and control.—Practically permanent. As there is more than 10 feet fall
between the station and the mouth of the South Branch, backwater from that
stream isimprobable. At a stage of 6 feet the river overflows into a former channel
1,000 feet back from the right bank. At extreme flood stages the right bank is _
overflowed for a width of one-fourth mile.

Discharge measurements.—Made from the bridge. At extreme flood stages:
measurements may be made from the railroad bridge just above the junction with
the South Branch, and at low stages by wading a short distance above station.

Winter flow.—Discharge relation affected by ice. Flow determined by measure-
ments made through the ice. :

Regulation.—None.

Accuracy.—Conditions favorable for accurate results and estimates should be reliable.

Discharge measurements of North Branch of Root River near Lanesboro, Minn., during the
year ending Sept. 80, 1914.

[Made by S. B. Soulé.]

Gage Dis- Gage Dis-
.Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
2.00 a92 [ June29. ... .....occiiiinann. 4.51 1,600
2.14 171 || Sept. 100001 III LI 1.94 100
3.51 846

a Partial ice cover at control; complete ice cover at gage.
b Control clear.

97825°—wsP 385—15——11
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Nore.—Discharge relation affected by ice about Jan. 11 to Mar. 12, 1914.
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Daily discharge, in second-feet, of North Branch of Root River near Lanesboro, Minn., for
the year ending Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
194 121 266 347 201 882 222 165
162 121 233 274 201 813 178 175
132 115 212 297 226 779 168 175
132 110 212 414 236 747 159 168
162 118 191 347 259 | . 625 165 165
147 118 165 282 438 568 168 144
147 110 168 282 | 2,040 514 172 135
132 118 168 248 | 1,160 438 165 126
147 118 147 236 488 391 141 124
147 121 162 236 715 369 126 107
178 118 162 222 | 1.830 305 126 107
144 118 144 201 | 2,150 286 135 107
147 110 126 191 | 1,070 129 135
147 110 115 178 | 1,340 215 135 198
138 110 110 156 | 1,620 201 126
121 115 107 138 847 215 126 188
121 118 115 162 590 236 138 188
118 126 107 138 29 233 141 188
132 126 115 159 378 201 178 156
135 118 110 156 721 175 212 141
144 132 107 150 882 175 165 126
138 147 110 198 619 168 175 126

8 132 110 201 530 168 198 129
132 132 178 248 400 165 188 135
135 129 168 286 309 150 172 135
135 126 188 259 | 2,940 150 153 126
118 126 301 251 | 8,350 138 138 126
107 126 541 236 | 2,800 326 138 112
115 132 488 222 | 1,500 305 138 107
118 132 . 488 215 933 248 129 107
118 |....... 212 |....... 201 [.....-. 229 135 |.......

NoTE.—Daily discharge oqmguted from rating curve well defined between 79 and 4,660 second-feet (gage

heights,1.8and 7.0 feet). Discharge interpolated for days when gage was not read. Discharge estimated,
because of ice, from gage heights, observer’s notes, discharge measurements, and climatic records, as follows:
}I “é' 11-25, 97 second-feet; Jan. 26-31, 290 second-feet; Feb. 1-28, 110 second-feet; and Mar. 1-12, 220 second-
eet.

Monthly discharge of North Branch of Root River near Lanesboro, Minn., for the year
ending Sept. 30, 1914.

. [Drainage area, 647 square miles.]

Discharge in second-feet. dRun-}f: i

epth in "

Month. Per g(]ilrches on ‘?;g;,l

. - alnage °

Maximum. | Minimum. | Mean. sl(ghaie area).
October................oo..ioiiiieoo. 194 107 138 0.213 0.25 | A,
November............................. 147 110 122 | © .189 .21 | Al
December.....coueiiiiiaii i 147 92 111 .172 .20 | B.
January. .. ... i 143 221 .25 | C.
February... ... ... e 110 .170 .18 | D.
D% £:3 (o 541 |coeioie... 304 .470 . C.
Aprile.o i 541 107 194 .300 .33 | A.
My . oo 414 138 230 3, 41 | A,
JUB@. oo oo 8,350 201 1,210 1.87 2.09 | B.
July. o 2 138 343 530 61 | B.
August. ... .. oo 222 126 156 241 .28 | B.
September...... ... ... . ..., 204 107 144 .223 .25 | B.
The year.....c.ccveiiiiiiannnannn. 8,350 [..eeienanann 267 .413 5.60
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N

UPPER IOWA RIVER NEAR. DECORAH; IOWA.

Location.—At the highway bridge in the village of Freeport, which is 3 miles below
Decorah and about 4 miles above the upper power plant of the Upper Iowa
Power Co; nearest tributary, Trout Creek, which enters from the right about
1 mile above station.

Records available.—August 28, 1913, to September 30, 1914.

Drainage area.—551 square miles.

Gage.—Chain gage attached to bridge; read daily, morning and evening, to quarter-
tenths. Limits of use: Hundredths below 3.0, half-tenths from 3.0 to 4.5, and
tenths above 4.5 feet. '

Channel and control.—Sand and gravel; may shift during high water.

‘Discharge measurements.—Made from bridge.

Regulation.—A number of small gristmills above the station produce a slight regula-
tion.

Data insufficient for estimating discharge.

Discharge measurements of Upper Iowa River near Decorak, Towa, during the year ending
Sept. 30, 1914.

Gage Dis- Gage | Dis- *

Date. Made by— height. | charge. | Date: Made by— height. | charge.
Feet. |" Sec.t. | meet. | Seeost.

Oct. 18 | S. B. Soulé............. 2.52 87.1 || May 21 | J. B. Stewart.......... 2.71 139
Dec. 4)..... [s (s T 2.44 88.3 || Sept. 24 | S. B. Soulé............. 2.78 175

Daily gage height, in feet, of Upper Towa River mear Decorah, Iowa, for the year ending
. : Sept. 30,.1914.

[Chas. Savoy, observer.]

SREIZ FIN8Y

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.51 | 2.40| 2.50| 2.25 }.ccenecfeunnnnn 2.76 | 3.4 3.2 4.2 2.65 2.81
2.32| 2.40( 2.50 |.-..... 2.60 | 4.0 2.72) 3.2 3.1 4.05| 2.60 2.68 .
2.38| 2.40| 2.48| 2.25 |cc.c.oofecnoane 2.65| 3.1 3.2 4.25 | 2.56 2.48
2.30| 2.40| 2.45|....... 3.2 3.1 2.58| 3.05| 3.6 3.6 2.58 2.39
2.38 |....... 2.40 | 2.30 [eeececefecannnn 2.50| 2.92| 4.4 3.35| 2.50 2.34
2.40 | 2.40 | 2.40 2.50| 2.8 5.7 3.25| 2.54 2.28
2.75| 2.40| 2.30 2.50| 2.98| 5.1 3.35| 2.45 2.28
2.40| 2.40| 2.20 2.42 | 2.8 5.4 3.1 2.4 2.25
3.0 2.40 | 2.40 2.39| 2.81| 4.4 3.35 | 2.40 2.27
3.15| 2.40| 2.45 2.40| 2.75| 3.8 3.3 2.4 2.31
3.75 | 2.40| 2.45 2.40 | 4.7 5.1 2.8 2.42 2.26
2.80 | 2.40| 2.42 2.36 | 3.9 5.0 2.92 | 2.40 2.22
2.65| 2.40| 2.40 2.35| 3.3 5.8 2,8 | 2.36 2.39
2.50 [ 2.38|.... 2.31| 3.2 6.5 2.84 | 2.35 4.6
2,50 | 2.35 2.30 | 3.0 6.3 2.82| 2.35| 8.8
16..ceeeieenannt 2.50 | 2.35|....... 2.30 ) 2.8 5.1 2.8 2.42 3.15
17 i, 2.50 | 2.35(....... 2.30 | 2.80| 4.4 2.92| 2.4 3.2
18 2.50 | 2.35 2.30( 2.74| 4.05| 2.75| 2.40 2.98
19l 2.50 | 2.40|....... .40 | 2.69| 4.65) 2.72| 2.40 2.82
20. ..l 2.52 | 2.40 2.38| 2.66| 3.75| 2.66| 2.68 2.74
2.481....... 2.36] 2.68| 4.6 | 2.64| 2.45) 2.
2.58 2.30! 2.90| 3.8 { 2,60 2.39{ 2
2.40 |....... 2.30| 2.8 | 3.75| 2.60 | 2.54 2.
2.40 |....... 2.45| 8.2 3.45| 2.90| 2.48 2.
2.40 2.65| 5.6 3.3 2.75( 2.40| 2.
2.40 2.59 | 5.1 4.1 2.72 | 2.31 2.
2.40 |. 3.3 4.3 81 |-2.65| 2.32| 2
2.40 5.4 3.95| 7.3 3.9 2.36 2.
2.40 4.0 3.8 5.9 2.90 | 2.34 2.
2.50 |. 3.5 | 3.6 | 4.6 272 231 2.
el 2060 oiiooll] 2272 ).l 3.3 |....... 2.65| 2.30|.......

NotE.—Discharge relation probably affected by ice about Jan. 5-15 and Feb. 4-28.

L4
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‘WISCONSIN RIVER NE*AR RHINELANDER, WIS. : -

" Location.—In sec. 27, T. 36 N., R. 8 E/, at highway bridge just below Rhinelander
Power Co.’s power station, 8 miles southwest of Rhinelander, Wis., and 8 miles
below the mouth of Pelican River.

Records available.—December 1, 1905, to September 30, 1914.

Drainage area.—1,110 square miles.

Gage.—Standard chain gage, fastened to upstream side of bridge; read once daily,
October 1, 1913, to April 15, 1914, to nearest tenth, and twice daily, morning and
evening, to nearest tenth from April 16 to September 30, 1914. Limits of use:
Half-tenths below 3.5 and tenths above 3.5 feet.

Discharge measurements.—Made from downstream side of bridge to which gage
is attached.

Winter flow.—Little ice forms in the vicinity of the gage, owing to the relatively
high temperature of the water coming from the service reservoirs.

Regulation.—Flow of river controlled by the Rhinelander Power Co.’s plant near
Rhinelander and the plant at Otter Rapids; modified also by storage reservoirs
in the headwaters operated by the Upper Wisconsin Valley Improvement Co.

Accuracy.—Records only fair, owing to the operation of the power plants and to the
presence of grass in the stream, which may cause backwater at times.

Discharge measurements of Wisconsin River near Rhinelander, Wis., during the year ending
Sept. 80, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
Feet: | Sec.t. Feet. | Sec.t.
Dec. 11 | Hoyt and Gross.......- 2.18 554 || May 2 4.26 2,680
Feb. 14 | O. A. Steller. .. o2.74 1,010 || Aug. 12 3.38 1,080
Mar. 19 | H. C. Beckman 2.00 554 12 3.45 1,180

NoTE.—Grass in channel when measurements were made.

Daily gage height, in feet, of Wisconsin River near Rhinelander, Wis., for the year ending
Sept. 30, 1914.

[Geo. N. Kramer, observer.]
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Nore.—Discharge relation probably not mgterially affected by ice during the year ending Sept.30,1914.
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Daily discharge, in second-feet, of Wisconsin River mear Rhinelander, Wis., for the year
ending Sept. 30, 1914. .

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

2,220 | 1,580 | 2,480

2,880 | 1,700 | 2,350

2,610 | 1,800 | 2,350

2,430 | 1,480 | 2,350

2,350 | 1,480 | 2,220

2,480 1,280 | 1,530

2,220 [ 1,280 | 1,150

, 1,980 | 1,200 | 1,530

) 2,100 | 945 1,530

1,060 1150 | 1,750 [ 1,150 | 1,530

1,060 | 1,530 | 1,060 | 1,860 | 1,060 | 1,530

1,060 | 1,580 | "985 | 1,640 [ 825 | 1,430

1,060 [ 1,330 | 825 |1,860 | 865 | 1,240

1,150 | 985 | 380 |1,750 [ 1,020 | 1,430

1,060 | 1,020 | 865 (1,640 [ 1,200 | 1,240

1,020 | 1,150 | 865 | 1,750 | 1,380 | 1,330

1,110 | 602 | 985 {1,640 | 1,480 | 1,150

1,060 | 1,110 | 1,020 | 1,530 | 1,700 | 1,200

1,060 | 1,150 | 985 | 1,530 | 1,920 | 1,330

1,110 | 905 | 786 | 1,640 | 2,420 | 1,240

1,530 825 825 | 1,060 985 | 1,240 | 1,020 380 | 1,530 | 2,680 | 1,330

1,980 {1,330 | 825 406 |.1,200 | 1,020 | 1,060 | 1,530 | 2,420 | 1,200

1,060 | 1,330 | 985 (1,150 [ 905 1,200 [ 905 [ 1,060 | 1,750 | 2,810 [ 1,330

1,860 [ 1,060 | 995 | 1,060 | 1,060 | 1,330 | 602 [ 1,150 | 1,750 [ 2,420 [ 1,200

1,530 2| 310(1,330 | '985 | 1,380 | 1,640 | 1,110 | 1,430 | 2,810 | 1,150

.............. 905 | 1,750 | 602 | 1,530 [ 1,530 | 985 | 1,060 | 1,060 | 1,430 | 1,640 | 2,420 | 1,240

{1,640 | 1,330 [ 747 | 1,240 | 2, 985 | 1,240 | 1,150 | 1,980 | 1,750 | 2,810 985

1,530 | 1,150 | 905 [ 3,750 | 1,150 | 905 | 1,750 | 1,060 | 1, 1,750 | 2,680 985

-] 1,980 | 1,530 | 1,750 [ 1,530 |-.-..-. 1,240 | 1,980 | 1,060 | 1,860 | 1,750 | 2,160 | 1,110
1,750 | 905 (1,240 | 985 [.......|1, 1,750 | 1,150 | 2,610 | 1,980 | 2,810

.............. 1,080 [-......[1,240 | 985 |.......[1,240 [.......| "638[.......] 1,750 | 2;680 |.......

Note.—Discharge computed from rating curve well defined between 775 and 3,070 second-feet. See
“Accuracy ” in station description. '

Monthly discharge of Wisconsin River near Rhinelander, Wis., for the year ending Sept. 30,

1914.
Discharge in second-feet.
Month. ‘:ai:‘c;'b
Maximum. | Minimum, | Mean.
[07570) 7 S 2,220 905 1,680 | B.
November. © 1,980 747 1,570 | B.
DOCOMDET . « - . - e - ceeeeenaeee e e ae e e e aaaeenaaaaaa 1,750 602 1,220 | B.
Jan 1,750 310 1,100 | B.
2,220 469 1,100 | B.
1,530 406 1,040 | B.
1,980 469 1,240 | B.
1,750 602 1,220 | B.
2,610 380 1,140 | C.
2,880 1,430 1,80 | C.
2,810 825 1,820 | B.
2,480 985 1,460 | C.
2,880 310 1,380 -

Nore.—See ‘“ Accuracy ”’ in station description.
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WISCONSIN RIVER AT MERRILL, WIS.

Location.—At highway bridge, east end of the city of Merrill, 1,000 feet below the
power house and dam of the Merrill Electric Railway & Power Co., and half a
mile below the mouth of Prairie River, coming in from the left.

Records available.—November 17, 1902, to September 30, 1914.

Drainage area.—2,630 square miles.

Gage.—Stevens recording gage installed September 11, 1914. November 17, 1902,
to June 17, 1903, staff gage; June 17, 1903, to September 10, 1914, chain gage,
attached to downstream side of the highway bridge; datum the same since June
17, 1903; records prior to this date doubtful. From January to July the chain
gage was read twice daily; from August to December once daily, in the morning.

Channel and control.—Heavy gravel and rock; probably permanent, except for
possible scour in high water.

Discharge measurements.—Made from highway bridge to which the gage is
attached. ) :

Winter flow.—Little ice forms at gage section. Ice forms on the right bank of the
river below the gage, extending at times nearly to the center of the channel and
causing a small amount of backwater at the gage. '

Regulation.—Upstream from the gage are the following power plants, in order:

Merrill: Merrill Electric Light & Railway Co.
Tomahawk: Tomahawk Pulp & Paper Co.
Tomahawk: Tomahawk Tannery Co.
Kings: Tomahawk Power Co.
Hat Rapids: Rhinelander Power Co.
Rhinelander: Rhinelander Paper Co.
Otter Rapids: Eagle River Electric Co.
All these plantscontrol the flow somewhat by means of service reservoirs. The
plant at Otter Rapids has a pondage with an area of 5 square miles. In addition
. to regulation by the plants named above, 17 reservoirs, having a capacity of over
4,000,000,000 cubic feet, are operated for storage in the Wisconsin basin above
Merrill by the Wisconsin Valley Improvement Co.

Floods.!—On July 24, 1912, at 5 a. m., the water reached a stage of approximately
17.5 feet, corresponding to a discharge of 45,000 second-feet. During the 24
hours previous 11.25 inches of rain had fallen in the vicinity of Merrill. Accord-
ing to C. B. Stewart, consulting engineer, Madison, the run-off of the 700 square
miles between Merrill and Tomahawk was at the rate of 65 cubic feet per square
mile; if the estimate is extended to the entire drainage area above Merrill, the
flow was 17 second-feet per square mile; little rain, however, had fallen in the
basin above Tomahawk.

Accuracy.—Accuracy of records impaired by diurnal fluctuations caused by the
operation of power plants, by backwater from ice during the winter, and possibly
from logs in the spring on the control.

Cooperation.—Station maintained in cooperation with the United States Weather
Bureau and the Wisconsin Valley Improvement Co.

1 See Stewart, C. B., Investigation of flood flow on the watershed of upper Mississippi River: Western
Soc. Engineers Jour., vol. 23, No. 4, April, 1913. .
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Discharge measurements of Wisconsin River at Merrill, Wis., during the year ending Sept.
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Nore.—Discharge relation affected by ice about Jan. 1 to Mar. 20, 1914.
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Daily discharge, in second-feet, of Wisconsin River at Merrill, Wis., for the year ending
Sept. 30, 1914.

Day, Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3,290 2,590 | 5,180

3,100 2,440 | 3,680

2,440 2,920 | 3,290

3,100 2,590 | 4,080

3,100 2,300 | 3,290

3,290 2,300 | 3,680

2,590 2,750 | 2,170

1,300 2,300 | 2,440

2,050 2,300 | 2,300

2,050 2,050 | 2,300

1,820 2,300 | 3,290

1,820 4,730 | 3,290 | 2,300 | 2,590

2,300 1,930 | 3,680 | 2,920 | 3,100 | 2,300 1 3,480

2,170 2,590 | 3, 2,750 | 3,290 | 2,590 | 3,680

1,400 3,290 | 2,440 | 2,300 | 2,920 | 2,440 | 2,440

1,300 3,100 | 2,590 | 2,050 | 3,290 | 2,300 | 2,750

1,930 3,480 | 2,920 | 2,170 | 2,920 | 2,170 | 2,590

2,920 | 2,590 | 1,600 5, 1,820 | 2,300 | 2,590 | 2,300 | 3,100
3,290 | 2,590 | 1,820 4,510 | 2,590 | 2,590 | 1,350 | 3,290 | 2,920
2,440 | 2,170 | 1,820 5,880 | 2,300 | 2,590 | 2,440 | 3,290 | 3,290
2,050 | 1,930 | 1,600 5,880 | 3,100 | 2,750 | 3,290 | 3,290 | 2,750
1,600 | 3,100 | 1,210 5,410 | 5,180 | 2,440 | 2,300 | 3,680 | 3,100
1,300 | 2,920 | 1,600 4,950 | 4,510 | 2,590 | 2,590 | 4,950 | 2,920
1,930 | 2,050 | 1,400 5,410 | 4,950 | 2,920 | 2,750 | 6,120 | 2,920
2,300 | 2,050 | 1,300 6, 3, 3,290 | 3,680 | 5,180 | 2,590
1,930 | 2,170 | 1,210 6,860 | 2,750 | 4,730 | 2,920 | 5,410 | 2,590
3,100 | 1,930 | 1,040 6,610 | 3,290 | 4,950 | 2,590 | 5,410 | 2,440
3,100 | 2,590 | 2,440 8,430 | 3,290 | 7,630 | 2,590 | 4,950 | 2,300
3,680 | 2,590 | 2,300 10,700 | 3,100 | 7,630 2,300 | 4,080 | 2,170
3,880 | 2,920 | 2,300 10,700 | 3,100 | 7,890 | 3,100 | 4,730 | 2,170
2,920 |....... 1,300 [evenennoannnnn] 8,290 |- onn.. 2,020 |..o.... 2,590 | 4,080 |--.....

aInterpolated.

Nore.—Daily discharge computed from a rating curve fairly well defined between 1,600 and 8,430 second-
feet (gage heights, 4.6 and 8.0 feet). :

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and
climatic records, as follows: Jan. 1-10, 2,110 second-feet; Jan. 11-20, 1,890 second-feet; Jan. 21-31, 1,860
second-feet; Feb. 1-10, 2,020 second-feet; Feb. 11-20, 1,880 second-feet; Feb. 21-28, 1,710 second-feet; Mar.
1-10, 1,630 second-feet; Mar. 11-20, 1914, 1,840 second-feet.

Monthly discharge of Wisconsin River at Merrill, Wis., for the year ending Sept. 30, 1914.°

Discharge in second-feet.
Month. roeu-

Maximum. | Minimum:; | Mean.
L 170) o7 N 2,910 | B.
November. 2,520 | B.
December 2,000 | B,
L1 1 LV E: P 1,950 | C.
February. ... ..o i i 1,850 | C.
March. ..o e 1,710 | C.
ADFil. o e i 4,680 | B.
B e e e e amme e m e et e 4,320 | B.
JUDe. i, 4,140 | B.
Ty oo, 3,580 | B.
AUZUSE. oot 3,280 | B.
September 2,950 | B.

The year 3,270
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WISCONSIN RIVER NEAR NEKOOSA, WIS.

Location.—One and one-half miles below Nekoosa, Wis. Tenmile Creek enters from
the left about 2 miles below the station. Big Roche a Cri Creek enters also from
the left about 28 miles below the station. : '

Records available.—May 21 to September 30, 1914.

Drainage area.—5,500 square miles.

Gage.—Staff gage, in two sections; read daily, morning and evening, to quarter-
tenths. Limits of use: Hundredths below 3.0 feet, hali-tenths from 3.0 to 4.0 feet,
and tenthsabove 4.0 feet. Records after September 30, 1914, to be obtained from
recording gage in a timber well in the river, on the right bank, about 300 feet be-
low the site of the staff gage.

Channel and control.—Heavy gravel; clean and probably permanent.

Discharge measurements.—Made from a car suspended from a cable having a clear
span of 750 feet a short distance from staff gage.

Winter flow.—Data not yet available.

Regulation.—Flow controlled by the operation of the power plants and storage
reservoirs above.

Cooperation.—The Wisconsin Valley Improvement Co. aided financially in estab-
lishing the recording gage and cable.

Data insufficient for estimates of discharge.

The following discharge measurement was made by G. H. Canfield and H. C. Beck-
man:

September 22, 1914: Gage height, 3.19 feet; dlscharge, 5,000 second-feet

Daily gage height, in feet, of Wisconsin River near Nekoosa, Wis., for the year endmg
Sept. 30, 1914.

[Henry Manns, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.65 | 8.0 2.58 3.2
3.85| 8.0 2.55 4.2
3.85| 8.2 2.15 3.6
6.55 | 7.8 2.05 3.65
10.0 6.3 2.55 3.5
ga; 5.7 2.42 3.6
a 4.6 1.90 3.2
(e) 4.1 1.80 3.25
(@) 3.55| 1.95 2.75
9.2 3.45) 2.25 2.45
7.2 3.55| 2.25 2.65
5.0 3.85| 2.12 2.65
4.5 3.9 2.00 2.8
3.9 3.85| 1.85 3.75
3.8 3.9 1.55 3.4
3.9 3.95| 1.28 4.4
2.80 3.35| 1.75 4.8
2.48) 3.35| 2.15 5.2
2.60 | 3.3 2.78 4.5
3.25| 3.25| 3.9 4.4
3.0 3.5 2.95| 3.8 4.3
3.35| 3.7 2.50 | 3.45 3.6
6.7 3.4 2.50 [ 2.95 3.05
8.4 3.15| 2.52| 3.4 3.4
7 3.6 2.50 | 3.95 3.1
6.1 3.85| 2.45| 4.4 2.90
5.5 4.3 3.35| 4.0 2.92
4.9 6.0 3.1 3.75 2.75
4.6 7.6 2.55 [ 3.95 2.42
4.2 8.0 2.20 | 3.65 2.45
3.6 .cc.... 2.321 3.5 |.......

& Water above the gage.
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WISCONSIN RIVER NEAR NECEDAH, WIS.

Location.—At the highway bridge known as ‘“Pete-in Well Bridge,’’ about 3 miles
east of Necedah, Wis., on the road from Necedah to Strongs Prairie, about 5 miles
above the mouth of Big Roche a Cri Creek, coming in from the left.

Records available.—December, 1902, to June 30, 1914, when station was discon-
tinued.

Drainage area.—b5,800 square miles.

Gage.—Chain gage attached to bridge.

Channel and control.—Bed of river near right bank rocky; both up and down
stream the bed is for the most part sandy and, as shown by the cross section of
measurements, shifts continually.

Floods.—Highest stage recorded at this station, 16.8 feet, October 10, 1911.

Winter flow.—Discharge relation greatly modified by ice that forms at the gage to
a thickness of 1 to 2 feet. '

Accuracy.—Owing to the shifting nature of the bed, estimates based on occasional
discharge measurements would be only approximate. No estimates have there-
fore been prepared.

Cooperation.—Gage heights furnished by the Wisconsin Valley Improvement Co.

Discharge measurements of Wisconsin River near Necedah, Wis., during the year ending
Sept. 30, 1914.

Y Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || Date: Made by— height. | charge.
Feet. | Sec.-ft. Feet. | Secft.
Dec. 9 | Beckman and Canfield.| 5.98 | @ 4,030 || Apr. 9| M.F.Rather.......... 6.88 6, 3!
Jan. 28| O.A:Steller........... 6.26 | ©2,600
@ About 50 per cent ice cover; slush ice running. b About 90 per cent ice cover.
Daily gage height, in feet, of Wisconsin River near Necedah, Wis., for the year ending Sept.
30, 1914.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.
6.6 6.6 5.8 VAT 3 PSS U, 7.2 11.4| 7.4
6.5 6.2 6.0 [....... 6.1 6.2 80| 12.2| 7.2
6.4 6.4 6.1 A% 3 R 80| 12.2| 7.1
6.2 6.2 (<352 PRSI PN PP 8.2 | 11.4| 6.9
6.1 5.8 6.4 6.6 6.4 6.6 8.2 10.0| 9.1
5.8 5.6 6.2 |. 8.0 9.5112.0
6.1 5.8 6.1]. 7.7 9.1 14.4
5.9 5.7 6.3 7.1 8.8 15.4
6.2 6.0 6.1 7.0 8.8 ] 14.0
6.6 6.7 5.8 6.5 8.2 13.3
6.4 7.0 5.6 6.6 8.1|119
6.2 5.4 5.5 6.3 7.8110.7 |.
6.8 5.4 5.8 6.2 81| 8.95].
6.7 5.6 5.7 6.2 6.8| 8.5
6.0 5.5 5.2 6.4 7.2 80
6.4 5.6 5.6 6.6 72| 7.8
6.4 5.8 5.5 6.7 7.11 7.5
6.1 6.1 5.4 7.2 70| 7.0
6.0 5.9 5.4 7.7 6.9| 6.9
5.9 5.6 5.2 8.2 6.8 7.1
6.3 5.6 5.11|. 8.5 6.6 7.4
5.9 5.3 5.0 9.1 6.6 7.3
6.0 5.4 5.2 8.9 7.1|77.4
5.6 6.0 5.4 8.5 9.8 7.7
5.5 6.2 5.3 85| 10.7| 7.2
© 5.7 6.2 5.2 8.2| 10.3| 7.2
5.3 6.1 5.5 8.7 9.2 | 7.6
5.4 6.0 5.4 9.5 8.6 | 85
5.7 5.9 7.0 9.9 82| 9.1
6.1 6.2 7.4 10.4 8.0 | 10.1
6.4 |....... 7.4] 6.3 |.......| 6.2 ...... 7.6 |.coo...

Nore.—Discharge relation affected by ice about Dec. 23, 1913, to Mar. 31, 1914,
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W'I‘SCONSIN RIVER AT MUSCODA, WIS.

Loeation.—At highway bridge 1 mile north of the village of Muscoda, Wis. Eagle or
-Mill Creek enters from the right about half a mile below the station. - Underwgod.
Creek enters from the left 44 miles above the station.

" Records available.—December 21, 1902, to December 31, 1903; December 4,.1913,
to September 30, 1914. Gage heights for November 1, 1908, to December 31, 1912,
published in United States Weather Bureau bulletin ‘‘Daily river stages,”” parts
9, 10, and 11.

Drainage area.—10,300 square miles.

Gage.—Chain gage fastened to plate girder on downstream side of bridge; read daily,
morning and evening, to half-tenths. Limits of use: Tenths throughout entire
range in stage during the year ending September 30, 1914. Elevation of zero
of present gage is approximately 12.62 feet above that of gage maintained Decem-
ber 20, 1902, to December 31, 1903; elevation of gage during the period November,
1908, to December 3, 1913, as read and published by the United States Weather
Bureau, was approximately the same as during the period December 4, 1913, to
September 30, 1914 Elevation of present gage is approximately 666.2 feet above
sea level.

Channel and control.—No well-defined control at thls station; rock outcropa for
about 100 feet under right hand end of the bridge; rest of the cha.nnel is sand and
shifts during medium and high stages.

Discharge measurements.—Made from downstream side of bridge.

Floods.—Levels run to a stake which was place by William Hessler, observer, at
the crest of a flood that occurred during October, 1911, gave a stage of 10.4 feet
compared with present datum of gage; old residents report that the crest of a
flood during 1888 marked a stage approximately 1 foot higher than that of
October, 1911.

Winter flow.—Discharge relation affected by ice; flow determined from dlscha,rge
measurements made through the ice.

Regulation.—Nearest power plant above the station is at Prairie du Sac, about 40
miles distant; no diurnal fluctuation at this station caused by operatlon of this
plant.

Accuracy.—Records for year good.

Discharge measurements of Wisconsin River at Muscoda, Wis., dun'ng the year ending
Sept. 30, 1914.

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. || D&te: Made by— height. | charge.
Feet. | Secft. ) Feet. | Sec.-t.
Dec. 5 | Canfield and Beckman.| 2.28 7,320 || June 12 | Hoyt and Gross........ 8.37 | 43,300
Feb. 4 | Beckman and Steller...| 2.41 | a 4,680 18 | Beckman and Rather..| 4.48 [ 16,100
Apr. 3 | Beckman and Rather..| 2.47 8,590 || Aug. 19 | Hoyt and Dillon....... 1.91 6,150
May 4| H.C.Beckman........| 3.78| 13,300 .

a Complete ice cover above gage; partial ice cover below.
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Daily discharge, in second-feet, of Wisconsin River at Muscoda, Wis., for the year ending
Sept. 30, 1914.

Day. Mar. | Apr. | May. | June. | July. | Aug. | Sept.
12,800 | 6,510 8,400
15,700 | 6,870 8,790
16,900 | 6,160 8,010
16,900 | 6,510 8,790
19,400 | 6,160 | 8,790
19,400 | 6,160 8,790
19,400 | 5,830 8,400
20,400 | 5,830 | 8,400
18,600 | 5,250 | 7,620
16,500 | 5,830 8,790
13,200 | 5,250 | 7,620
13,200 | 5,250 | 7,240
12,000 | 4,780 6,510
11,600 | 5,000 6,510
14,400 | 5,250 | 7,620
10,400 | 5,530 8,010

9,970 | 5,000 8,400
0,400 | 5,250 | 9,180
9,970 | 5,830 9,570

,400 | 6,510 | 10,800
9,570 | 5,830 11,200

,180 | 6,510 | 12,000
8,010 | 6,160 | 11,200

,400 | 6,510 | 11,200
8,010 | 6,510 | 10,800
7,620 | 7,240 | 9,970
7,240 | 6,510 8,400
7,240 | 6,870 8,010
6,510 | 6,870 7,240
6,510 | 7,620 8,010
6,510 | 8,010 |........

NotEe.—Daily discharge computed from a rating curve well defined between 5,830 and 16,500 second-feet
iggge (lllesigslltts,t§.8 and 4.5 feet) and fairly well defined between 16,910 and 44,690 secong-feet (gage heights,
and 8.5 feet). :
Discharge estimated because of ice from gage heghts, observer’s notes, discharig measurements, and
climaticrecords, as follows: Dec. 1-31, 6,680 second-feet; Jan. 1-31, 5,380 second-feet; Feb. 1-28, 5,000 second-
feet; Mar. 1-15, 7,630 second-feet.

Monthly discharge of Wiseonsin River at Muscoda, Wis., for the year ending Sept. 30, 1914.

[Drainage area, 10,300 square miles.]

Discharge in second-feet. g'“nti;’ﬂ
epth in
Month. Per §nc es on 1:3:}1—
: - ge °
Maximum., | Minimum. | Mean. sg&a;e area).
0.649 0.75 | D.
.522 .60 | D.
. 485 .50 | D.
. 720 .83 | C.
1.06 118 | A.
1.50 1.73 | B.
1.76 1.96 | A.
1.17 1.35 | A.
.593 .68 | B.
.855 .95 | A,




UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 175

TOMAHAWK RIVER NEAR BRADLEY, WIS.

Location.—Three and one-half miles southeast of Cassian, Wis., 5 miles north of
Bradley, Wis., and about 8 miles above the mouth of the river.

Records available.—September 18 to September 30, 1914.

Drainage area.—422 square miles.

Gage.—Standard chain gage fastened to cantilever arm on right bank of river; read
to quarter-tenths morning and evening. Limits of use: Hundredths below 3.0
feet, half-tenths from 3.0 to 4.0 feet, and tenths above 4.0 feet.

Channel and control.—Heavy gravel; not likely to shift. Logs may collect at this
point during spring.

Discharge measurements.—Made from cable about half a mile below the gage.

Winter flow. —Dlscharge relation affected by ice. -

Regulation.—Flow is coutrolled by operation of storage reservoirs of the Wisconsin
Valley Improvement Co., situated above the gage.

Data insufficient for estimates of discharge.

Discharge measurements of Tomahawk River near Bradley, Wis., during the year ending
Sept. 30, 1914,

() Dis-

Date. Made by— hg}ig t. | charge.

] Feet. Sec.-ft.
June 23a| G. H. Canfield. ... ... oottt aia et ceaaageee e iiiaas 610
Sept. 18 | H. C. BOCKIMIAN o« - .. ettt ittt ittt e e aeecaeeaaaaaaeaaanan ! 3.45 639

a Made from highway bridge 900 feet below the gage which was not installed until Sept. 18.

Daily gage height, in feet, of Tomahawk River near Bradley, Wis., for the year endmg Sept.
80, 1914.

[Frank Sutherland, observer.]

Day. Sept. Day. Sept. Day. Sept.
3.4 b 2 R I P 2.82
3.4 3.1 b2 2.78
3.3 3,06 [ 30 cqeciiiiiiiiaiiaaas 2.7
3.25 2.98 1| N
3.2 2.89

PRAIRIE RIVER NEAR MERRILL, S.

Location.—At highway bridge 41 miles northeast of Merrill, Wis., and about 5% miles
above the mouth of the river. Haymeadow Creek entenﬁ from the left about 5
miles above the station.

Records available.—January 18 to September 30, 1914.

Drainage area.—164 square miles.

Gage.—Chain gage attached to downstream side of bridge; reLx,d daily, morning and
evening, to quarter-tenths. Limits of use: Hundredths below 2.0 feet, hali-tenths
between 2.0 and 3.0 feet, and tenths above-3.0 feet. T

Chan.nel and control.—Probably permanent, except during ?xtreme high stages.

at medium and high

stages from highway bndge to which gage is fastened.
Winter flow.—Discharge relation affected by ice; discharge dftermined from meas-
urements mad2 through the ice.
Regulation.—None.
Accuracy.—Rating curve fairly well defined; reoords probably‘ good.

|
|

|
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e River near Merrill, Wis., during the year ending Sept.
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ge; small ice cover at control.
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partly from bridfe and partly from ice. Small amount of ice at control.

Discharge measuremenis-of
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Daily gage Mght, n feet, of Prairie River near Merrill, Wis., for the year ending Sept. 30,
. 1914. -
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Note.—Discharge relation affected by ice about Jan. 17 to Mar. 31.
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Daily discharge, in second-feet, of Prairie River near Merrill, Wis., for the year ending Sept.

Day. Apr. | May.| June.| July.| Aug.| Sept. I Day. Apr. | May. | June.| July.| Aug. | Sept.

212 | 137 | 172 106 348

198 |...... 104 | 137 |......

NotEe.—Daily discharge computed from a rating curve fairly-well defined between 103 and 870 second-
feet (gage heights 1.8 and 4.0 feet).

Discharge estimated because of ice, from gage heights, observer’s notes, discharge measurements and
climatic records, as follows: Jan. 17-31, 88 second-feet; Feb. 1-10, 87 second-feet; Feb. 11-20, 86 second-
feet; g%b.t2l-28, 78 second-feet; Mar. 1-10, 72 seoond-feet; Mar. 11-20, 84 second-feet; Mar. 21-31, 165
second-feet.

Monthly discharge of Prairie River near Merrill, Wis., for the year ending Sept. 30, 1914..

[Drainage area, 164 square miles.]

Di i -feet.
ischarge in second-feet. §‘mt§ @,
‘ epth in
Month, Per gn es on ‘:‘ggs","
Maximum. | Minimum. | Mean. sgltha:e area).

88.0 0.537 0.30 | C
4 81 .513 531 ¢
112 - .683 791 C
344 2.10 2.34 | A
401 2.45 2.82| B
298 1.82 2.03 | A
. .. 217 1.32 1.52 | A
. -- 152 .927 1.07 | B
213 1.30 1.45| A

\

LITTLE RIB RIVER NEAR WAUSAU, WIS.

Location.—At second highway bridge above the mouth, about 34 miles west of
Wausau, Wis., and 1 mile above the junction with Big Rib River.

Records available.—January 10 to September 30, 1914.

Drainage area.—76 square miles.

Gage.—Chain gage fastened to downstream side of highway bridge; read daily,
morning and evening, to quarter-tenths. Limits of use: Hundredths below 2.0
feet, half-tenths between 2.0 and 3.0 feet, and tenths above 3.0 feet.

Channel and control.—Heavy gravel; free from vegetation. Probably permanent.

Discharge measurements.—Made from downstream side of bridge during high
water; at low and medium stages by wading.

Regulation.—None.

Accuracy.—Records excellent except for periods when ice is present.

97825°—wsP 385—15——12
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a Gage height at 6 p. m. 9.85 feet.
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Nore.—Discharge relation affected by ice about Jan. 22 to Mar. 14.
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Daily discharge, in second-feet, of Little Rib River near Wausau, Wis., for the year ending
Sept. 30, 1914.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
200 20 304 8 432
1 16 256 8 96
110 41 117 7 46
154 {a 1,150 82 7 32
124 64 7 26
110 352 51 6 28

618 41 6 24

69 336 31 6 18
56 176 25 6 15
53 117 21 9 20
51 89 19 13 47
69 19 10 27

41 58 51 8 32
31 51 30 7 168
61 19 7 192

23 42 16 9 103
20 31 13 13 67
17 24 12 17 54
16 69 13 42 42
13 51 12 27 34
103 42 10 16 30
499 46 10 12 30
200 31 10 14 30
117 64 10 30 27
103 58 10 14 30
78 36 9 7 24
78 320 10 10 20
53 336 12 10 19
38 131 12 17
30 82 9 8 15
........ 9 16 [..ooone

e Discharge at 6 p. m. 1,880 second-feet (gage height 9.85 feet).

Nore.—Daily discharge computed from a rating curve well defined between 7 and 830 second-feet (gage -
heights 1.2 and 6.5 feet). A

Di e estimated, because of ice, from gage heights, observer’s notes, discharge measurements, and cli-
matic records, as follows: Jan. 22-31, 13 second-feet; Feb. 1-10, 11 second-feet; Feb. 11-20; 8 second-feet;
Feb. 21-28, 4 second-feet; and Mar. 1-14, 6 second-feet.

Monthly discharge of Little Rib River near Wausau, Wis., for the year ending Sept. 80,

1914.
[Drainage area, 76 square miles.]
in -feet.
Discharge in second-feet. ?'mtil off
epth in
Month., Per | iDcheson ‘::cc;,l'
Maximum. | Minimum. | Mean. square dl;g:;,ge
mile. :
10.5 0.138 0.11 | C.
7.9 .104 121 C.
111 1.46 1.68 | C.
145 1.90 2.12 | A.
88.1 1.16 1.34 | A.
172 2.26 2.52 | A.
72.0 .553 .64 A.
11.9 . 157 18 | B.
58.2 . 766 85 | B.
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EAU CLAIRE RIVER AT KELLEY, WIS.

Location.—At highway bridge three-fourths of a mile below Kelley, Wis., about 1
mile above mouth of Big Sandy Creek, which enters from the right, and 4} miles
above mouth of river.

Records available.—January 1 to September 30, 1914.

Drainage area.—326 square miles. N

Ga.ge —Chain gage fastened to downstream side of highway bridge; read daily, morn-
ing and evening, to quarter-tenths. Limits of use: Hundredths below 1.0 foot,
half-tenths between 1.0 and 2.5 feet, and tenths above 2.5 feet.

Channel and control.—Heavy gravel and rock; permanent.

Discharge measurements.—Made from downstream side of bridge at medium and
high stages; by wading below bridge at low stages.

Regulation.—Immediately above the gage is a dam that was formerly used to create
a pond at a mill but is now used for floating logs; during a few days in the spring
the manipulation of the gates in the dam causes sudden fluctuations at the gage;
at other times the flow is natural.

Accuracy.—Records excellent.

Discharge measurements of Eau Claire River at Kelley, Wis., during the year ending Sept.

30, 1914.
Gage | Dis- Gage | Dis-

Date. Made by— height. | charge, || Date. Made by— hefg'it. charge.
Sec.-ft. Feet.| Sec.-ft.
Jan. 0.77 a77 || May 6 | H.C. Beckman........ 2.23 a 651
Feb. .90 5130 || June 5| W.G. Hoyt............ 3.22 1,260
Mar. .91 c103 || Sept. 2 |..... (& 1 1.69 333

Apr. 2.61 d 855

o Wading measurement, 400 feet below gage; no ice present.

b Measurement made under complete ice cover about 1,000 feet below gage.
¢ Wading measurement; little ice present.

d Measurement made from bridge.

Daily gage height, in feet, of Eau Claire River near Kelley, Wis., for the year ending Sept.

30, 1914.

[John Duginski, observer.]

Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
0.85 2.1 3.1 1.8 3.2 0.51 1.3
.84 | 1.9 3.0 1.75 3.0 foeeunn.. 1.65
.82 .. 1.8 |eee.-... 2.4 2.7 .50 1.8
. 1.7 2.7 4.4 |........ .50 1.85

L5 2.45 4.0 2.2 .50 1.8

1.65 2.15 3.7 19 .50 175

1.6 2.05 3.4 1.6 .50 1.7

........ 1.5 1.9 3.2 1.2 .49 1.7
1.3 1.7 3.1 Ll feee..... 1.7

1.25 1.6 2.7 1.0 .80 1.8

1.2 1.5 2.2 .98 .79 2.2

1.1 1.3 2.05 1.0 .65 2.5

1.2 1.15 1.85 1.2 .46 2.5

1.3 1.05 1.9 1.1 .46 2.2

........ 1.4 1.2 1.95 1.1 .45 1.9
1.2 1.5 1.15 1.8 1.0 .60 1.95
1.2 1.65 1.2 1.7 1.05 72 2.15
1.1 1.8 1.1 1.5 .96 .98 1.9
1.1 2.1 1.05.| 1.4 j........ 1.2 1.65
1.0 3.0 1.0 1.3 .92 1.25 1.5
1.0 2.7 1.3 |eeecenen .81 1.15 1.4
1.0 2.5 3.7 1.4 .79 1.1 1.3
1.0 2.05 3.1 L5 72 1.0 1.15
1.0 2.1 2.6 L5 | .69 .92 1.05
1.0 2.25 2.8 1.5 .62 .86 .75
1.1 2.7 2.25 15 .60 .82 .66
1.1 2.9 2.05 2.1 .66 .82 Jeeuene..
1.2 |........ 2.0 3.8 .71 .81 .61
........ 4.0 2.2 3.4 .64 .84 .49
1.9 Jeeeeeeen 2.1 3.4 .55 .80 .51
2.1 foeeeeen. 1.9 |eeeeen.. .51 .89 |.e.... .

Norte.—Discharge relation affected by ice about Jan. 11 to Mar, 20,
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Daily discharge, in second-feet, of Eau, Claire River near Kell

Sept. 30, 1914.

181

ey, Wis., for the year ending

Day. Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,250 45 203
1,120 a 44 318

925 44 390
a 771 44 416
617 44 390
443 44 365
296 44 340
176 43 340
150 a 62 340
125 | 82 390
120 81 617
125 61 800
176 40 800
150 40 617
150 40 443
125 55 471
138 70 587
116 120 443
all12 176 318
107 490 261
84 163 231
81 150 203
70 125 163
66 107 138
57 94 74
55 86 62
62 86 a 59
68 84 56
60 90 43
50 82 45
45 100 [...e.-..

(gage heights, 0.7 and 3.5 feet).

a Interpolated. .
Norte.—Daily discharge computed from a rating curve well defined between 67 and 1,460 second-feet

Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements,and
climatic records, as follows: Jan. 11-20, 84 second-feet; Jan. 21-31, 77 seoond-feet; Feb. 1-10, 72 second-feet;
Feb. 11-20, 73 second-feet; Feb. 21-28, 72 second-feet; Mar. 1-10, 89 second-feet; and Mar. 11-20, 135 second-

feet.

Monthly discharge of Eau Claire River near Kelley, Wis., for the year ending Sept. 80, 1914.

[Drainage area, 326 square miles.]

) . foot.
Discharge in second-feet. (dR“ntﬁ’ﬁ
() mn
Month. P inches on [A00U-
Maxi Minim M tare | drainage |8V
aximum, um. ean. anll}lag.e area).
9.7 o024 0.28 | C.
72.4 \222 23 | D.
150 2460 53 cC.
568 174 1,94 | B.
549 168 1.94 | Al
739 2.27 2.53 | A,
255 \782 90 | A
81.8 l951 ‘29 | B!
331 1.02 114 | AL
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BIG EAU PLEINE RIVER NEAR STRATFORD, WIS.

Location.—Highway bridge at a place locally known as Weber Farm, about 2 miles
north of Stratford, Wis. Station is about 1 mile above the Northwestern Railroad
bridge. Dill Creek enters from the right about 5 miles above the station.

Records available.—July 24 to September 30, 1914.

Drainage area.—223 square miles.

Gage.—Sloping gage, reading from 1.0 to 15.6, on the right bank of the river; on same
section and at upper end of sloping gage is a vertical staff gage, reading from 15
to 18 feet; gage read daily, morning and evening, to quarter-tenths. Limits of
use: Hundredths below 2.0 feet, half-tenths between 2.0 and 3.0 feet, and tenths
above 3.0 feet. .

Channel and control.—Heavy gravel; probably permanent except during high
stages. '

Discharge measurements.—At low stages made by wading near gage; at medium
and high stages made either from a highway bridge or the Northwestern Railroad
bridge, both below the gage.

Winter flow.—Discharge relation affected by ice; flow determined by measurements
made through the ice.

Regulation.—None.

Data insufficient for estimates of discharge.

Discharge measurements of Big Eau Pleine River near Stratford, Wis., during the year
ending Sept. 30, 1914.

Date. Made by— l:gi;ﬁ;. chrg-:e.
Feet. Sec.-ft.
July 23 | H. C. BeCKMAN. ..o e ceeiieiiiieiciiiiieiiiecceeaeenceeecaeccaecnnann 1.83 622.8
Sept. 18 [ M. F. Rather....oonnee i iiiecceeeeeeeeees 3.78

a Wading measurement, 1,000 feet below gage.

Daily gage height, in feet, of Big Eau Pleine River near Stratford, Wis., for the year ending
Sept. 80, 1914.

[Christian Weber, observer.)

Day. July. [Aug. | Sept. Day. July. | Aug. | Sept. Day. July. [ Aug. | Sept.
1.80 | 2.5 1.70 | 2.2 || 21eccicenioiii]ennnns 2.1 2.4
1.80 | 2.25 1.68 | 2.35 ..|1.88] 2.45
1.7 | 2.3 1681 2.2 (| 2.oveeeniennc]ennnnn 1.98| 2.7
1.72 | 2.15 1.70 | 3.3 .8 |2.6 2.56
1.70 | 2.1 1.65 | 4.0 .8 [2.25]| 2.4
1.65( 2.1 1.65| 3.6 L7181 2.1 2.3
1.65 | 2.05 .| 1.65| 3.7 .82(1.92| 2.2
1.63 1.98 422 3.8 .9211.8 | 2.1
1.6 1.92 .| 2.5 3.0 .98 11.85| 2.05
1.68 | 1.92 2.25 | 2.6 .92 1.8 2.0

.88 11.90 |......
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PLOVER RIVER NEAR STEVENS POINT, WIS.

Location.—At Fast Waters highway bridge, 7 miles above mouth of river.

Records available.—January 5 to September 30, 1914.

Drainage area.—136 square miles.

Gage.—Metal staff gage bolted to the left abutment, downstream side of bridge; read
daily, morning and evening, to quarter-tenths. Limits of use: Hundredths
below 1.0 foot, half-tenths between 1.0 and 2.0 feet, and tenths above 2.0 feet.

Channel and control.—Gravel; smooth, free from vegetation; probably permanent.

Discharge measurements.—Made from downstream side of bridge to which gage
is attached.

Winter flow.—Discharge relation affected by ice; ﬂow determined from discharge
measurements made through the ice.

Regulation.—Two dams are used in connection with gnstmllls above the station,
but the plants have little pondage, so that flow at the gage is nearly natural.

Accuracy.—Rating curve well defined; records probably good.

Discharge measurements of Plover River near Stevens Point, Wis., during the year ending
Sept. 80, 1914.

Date. Made by— hork® | i, ‘ Date. Made by— 1ok |

Feet. | Sec.-ft. Feet. | Sec.-ft.

Jan. 5 1.30 @124 || May 6 1.90 282

Feb. 6 r43| »13 | June 6 415 1,120

Mar. 23 15| eml 9 338 e

Apr. 30 2.75 502 || Sept. 23 L7 252
30 2.76 519

a Measurement made from bridge; little ice.
b Measurement made from bndge, about 90 per cent ice cover.
¢ Thin ice at edge only.

Daily gage height, in feet, of Plover River near Stevens Point, Wis., for the year erding
Sept. 30, 1914.

. [C. A. Van Order, observer.]

Day. Jan. Feb. | Mar. | Apr. | May. | June.
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Nore.—Discharge relation affected by ice about Jan. 5 to Mar. 31.
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Dazly dwdzarge, n second-feet, of Plover River near Stevens Point, Wis., for the year ending
Sept. 30, 1914.

Day. Apr. [May. |June. | July. | Aug. | Sept. Day. | Apr. |May.|June.| July.| Aug. | Sept.
446 | 198 | 410 | 141 178 262 | 198 | 150 383
410 ( 178 | 410 | 159 159 219 | 188 | 178 494
357 | 240 | 357 | 159 159 219 [ 178 | 208 522
296 11,090 | 357 | 141 141 230 | 178 | 208 410
230 11,450 150 159 240 ( 188 | 198 332
262 |1,160 | 262 | 141 150 251 | 168 | 198 274
251 11,300 | 230 | 141 159 262 | 159 [ 198
251 11,020 | 219 | 132 150 2741 150 | 188 178
230 | 711 | 198 | 132 141 240 | 188 | 159 208
219 | 551 | 198 | 141 141 240 | 178 | 141 198
208 | 438 | 198 | 132 150 240 | 159 ( 141 198
178 | 285 | 208 | 124 159 240 | 178 | 150 178
219 | 285 141 178 357 | 159 | 141 178
188 | 285 | 219 | 132 383 | 159 | 141 168
188 | 240 | 219 | 141 285 383 i.gg igg 159

Nore.—Daily discharge computed from a rating curve well defined between 198 and 1,370 second-feet

C] helghts 1.5 and 4.5 feet). Discharge estimated, because of ice, from gage hel§hts, observer’s notes,

easurements, and climatic records, as follows: Jan. 5-15, 125 second-feet; Jan, 16-31, 123 second-

feet; Fab 1—10 115 seoond-feet Feb. 11-20, 100 second-feet; Feb. 21-28, 140 seoond-feet, Mar. 1-10, 165
second-feet; Mar. 11-20, 192 second- feet; and Mar. 21-31, 140 second-feet.

Monthly discharge of Plover River near Stevens Point, Wis., for the year ending Sept. 30,
1914.

[Drainage area, 136 square miles.j

Discharge in second-feet. Run-off

Month., es on
. . Per drainage | T2CY-
Maximum. | Minimum. | Mean. | square area)

mile.
124 0.912 0.92 | C.
117 . 860 .90 | C.
165 1.21 1.40 | D.
212 1.56 1.74 | B.
257 1.89 2.18 | B.
449 3.30 3.68 | A.
217 1.60 1.84 | B.
155 1.14 1.31 | B.
223 1.64 1.83 | B.

BARABOO RIVER NEAR BARABOO, WIS.

Location.—At highway bridge 4 miles downstream from Baraboo, Wis., about 3
miles below the outlet of Devils Lake coming in from the right, and 15 miles
above mouth of river.

Records available.—December 18, 1913, to September30 1914.

Drainage area.—572 square miles. .

Gage.—Chain gage, attached to upstream side of bridge; read daily, morning and
evening, to hundredths. Limits of use: Hundredths below 2.0 feet, half-tenths

© between'2.0 and 3.0 feet, and tenths above 3.0 feet.

Channel and control.—Sandy; likely to shift during floods. .

‘Discharge measurements.—Made from highway bridge to which gage is attached.

Winter flow.—Discharge relation affected by ice; discharge estimated from discharge

. measurements made monthly.

Regulation.—Daily flow may be somewhat affected by operation of power plants in
Baraboo; estimates of mean monthly discharge probably represent nearly the
natural flow.

Accuracy.—Records probably good.
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NorE.—Discharge relation affected by ice about Dec. 18, 1913, to Mar. 10, 1914.
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Daily discharge, in second-feet, of Baraboo River near Baraboo, Wis., for the year ending
Sept. 80, 1914.

Day. . Mar. | Apr. | May. | June. | July. | Aug. | Sept.

535 152 181
337 134 .17
309 119 337
288 122 323

253

198 167
2131 17| 188
220 168 204

134 181
144 159 169
204 149 150
393 174 104

186 295 1
163 239 178
150 208 169
178 |~ 190 193
1 181

a Interpolated.

NotE.—Daily discharge computed from a rating curve fairly well defined between 188 and 826 second-feet
(gage heights, 1.8 and 5.7 feet). Discharge estimated, because of ice, from gage heights, observer’s notes,
discharge measurements, and climatic records, as follows: Dec. 18-31, 184 second-feet; Jan. 1-10, 170 second-
feet; Jan. 11-20, 180 second-feet; Jan. 21-31, 380 second-feet; Feb. 1-10, 366 second-feet; Feb. 11-20, 165
second-feet; Feb. 21-28, 156 second-feet; and Mar. 1-10, 206 second-feet. Discharge Aug. 19-22 estimated
by means of measurement made Aug. 19.

Monthly discharge of Baraboo River near Baraboo, Wis., for the year ending Sept. 30, 1914.

[Drainage area, 572 square miles.]

Discharge in second-feet.
(g‘:)nth in
@ oon
Month, Per on ‘%wy.
Maximum. | Minimum. | Mean. sgluﬂx:"e / area),
184 0.322 0.17 ] C.
248 434 .50 | D.
234 .409 . D.
337 .589 . C.
405 .708 L79 | AL
418 .71 . A.
413 722 | . A.
277 .484 .56 A,
211 .369 . B.
288 . " A.
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KICKAPOO RIVER AT GAYS MILLS, WIS.

Location.—At highway bridge immediately below the Norwood Mill, in the town of
 Kickapoo, Wis., about 25 miles above the mouth of the river and 2 miles below
the mouth of Tainter Creek, coming in from the right.

Records available.—December 25, 1913, to September 30, 1914.

Drainage area.—629 square miles.

Gage.—Cha.m gage fastened to downstream side of highway bridge; read daily,
morning and evening, to quarter-tenths. Limits of use: Hundredths below 1.0
foot, half-tenths between 1.0 and 2.0 feet, and tenths above 2.0 feet.

Channel and control.—May shift during hlgh water.

Winter flow.—Discharge relation affected by ice; flow determined from dlscharge
measurements made through the ice.

Regulation.—Little, if any, diurnal fluctuation noted at the gage; flow probably
natural.

Accuracy.—See footnotes.

Discharge measurements of Kickapoo River at Gays Mills, Wis., during the year ending
Sept. 80, 1914.

_ Gage Dis- Gage | Dis-
Date. Made by height. | charge. || Date- Made by— height,. | charge.
Sec.-ft. Feet. | Sec.-ft.
Dec. 18 | G. H. a 224 || June 23 | M. F. Rather... . 5.47 1,310
24| H.C. b274 24 |..... doeeannnn. . 3.46 693
Jan. 21 | W.G. a228 24 |..... do..... .| 2.67 530
Feb. 0. A. .. c213 24 |..... [ 1 T, 2.52 527
Mar. 27 H.C.B . a336 24 |..... [ (s TR, 2.07 508
Apr. Beckman and Rather..| 1.44 a363 25 )..... Lo [0 Y 1.87 441
June 23 M. F. Rather.......... 5.35 1,300 || Aug. 21 | E, E. Dillon........... 1.50 326
a Control clear of ice.
b Thin ice along shore.

¢ Measurement made under complete ice cover; partial ice cover at control,
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Daily gage height, in feet, of Kickapoo River at Gays Mills, Wis., for the year ending Sept.
0, 1914. )

[N. T. Norwood, observer.] v

Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
11 3.8 2.7 2.3 1.4 1.15 2.8 0.91 2.1
1.1 1.55 2.8 2.5 1.3 | 105 3.1 L0 2.6
1.1 1.3 2.4 1.7 1.35 1.1 2.0 1.0 1.5
1.1 1.25 1.9 1.45 1.2- 1.15 1.9 1.0 1.2
1.1 1.2 1.95 1.25 L5 1.65 1.55 .90 L1
1.1 1.15 2.0 1.35 1.35 2.1 1.3 1.0 1.1
1.1 1.2 3.0 1.4 1.2 1.65 1.4 1.0 L0
1.1 1.4 2.2 1.4 1.2 2.0 L5 1.0 1.0
1.1 1.35 1.8 1.3 1.2 2.3 1.3 97 1.0
1.1 1.5 1.5 1.2 1.1 1.5 1.2 .93 1.0
1.05 1L.75 1.4 1.3 1.3 1.1 1.2 .90 1.0
1.2 1.6 1.35 1.3 1.4 1.2 1.75 .90 1.0
1.1 1.45 1.3 1.25 1.35 1.1 3.0 .93 1.0
1.1 1.4 1.55 1.3 | - L3 1.05 2.6 .89 1.95
1.15 1.4 2.2 1.2 1.2 1.3 2.0 .88 3.6
1.15 1.6 2.5 1.3 1.1 L1 L5 jeeeeo... 3.3
1.1 1.6 1.9 1.25 1.0 1.0 1.4 .96 2.7
1.1 1.55 1.2 1.2 1.05 1.05 1.3 L0 2.0
1.1 1.55 1.1 1.3 1.0 1.05 1.2 18 1.5
1.15 1.5 1.1 1.6 1.05 1.0 1.1 1.3 1.2
1.1 L5 1.1 1.45 1.05 2.3 L1 1.4 1.2

........ 1.4 1.1 1.25 1.1 4.6 1.1 1.1 1.3
L5 1.1 1.2 2.1 5.3 1.05 L5 L5
L5 1.1 1.15 2.4 2.9 1.05 19 1.4
1.55 1.15 1.3 4.7 1.7 1.1 1.25 1.25
1.5 1.2 1.7 4.3 4.6 1.1 1.05 1.15
1.65 1.3 1.5 1.9 4.0 1.1 L0 1.1
2.6 1.3 1.45 1.6 4.8 1.2 L0 1.05
1.45 1.75 1.5 4.6 1.05 .98 1.1
3:2 1.95 1.3 2.3 105 1.0 1.1
3.1 |eeeenn.s 115 |........ 1.0 99 )i

Nore.—Discharge relation affected by ice about Feb. 9 to Mar. 11.

Daily discharge, in second-feet, of Kickapoo River at Gays Mills, Wis., for the year ending
Sept. 80, 1914.

J: Feb. | Mar. | Apr. | May. | June: | July. | Aug. | Sept.

790 |........ 518 356 280 545 162 470
392 ........ 525 325 251 595 185 522
325 |.ieenn.n 430 340 265 485 185 325
310 |........ 368 280 470 185 237

........ 310 380 418 392 159 211
280 |........ 340 340 325 18 211
P 2 295 418 3556 185 18
355 [........ 356 295 485 380 1 185

................ 325 295 518 325 177 185~

B BEREE EEyub puumy gpyyy | b

EEBREE BBUEE 2¥REE 8
8
8

5265 310| 265 | 1,030 a1 265
5265 25| 500 1,260
5285 20| 52| 560 430 |
5265 325 | 1,080 430 251 251
5265 |........ 25| 430| 40| 1,030 198 2
b290 L1111 35| as0| 47| 850 18 21
300 |-201000 325 | 368| 405| 1,100 185 198
5500 |...100 368| 440| 380 1,030 180 211
1,160 232000 620| 478 33| 518 1% a1
o |10 505 |.......| 280 |....... . 2.0
o Interpolated. b Estimated.

Nore.—Daily discharge computed from a rating curve well defined between 211 and 1,340 second-feet
e heights, 0.9 and 5.5 feet). Discharge estimated, because of ice, from gage ts, of er’s notes,

6 measurements, and climatic records, as follows: Feb. 9-15, @md—teet; ‘eb. 16-28, 226 second-

feet; and Mar. 1-11, 436 second-feet.
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Monthly discharge of Kickapoo River at Gays Mills, Wis., for the yedr ending Sept. 30, 1914.

[Drainage area, 629 square miles.]

Discharge in second-feet. gmﬁf i
epth in
Month., Per %Icges on ‘;‘gg‘yl'
: - ainage .
Maximum. | Minimum. | Mean. S](Jlltillat:.e area).
December 25-31.......coneeeannnnnnn... 295 251 267 0.424 0.11 | B.
January.... 1,160 251 328 521 .60 | B.
February .. 790 |oeeecnnnnn. 284 .452 .47 | C.
March 620 |..oeennaenn 389 .618 .| cC.
525 280 358 .569 .63 | A.
1,060 237 370 .588 .68 | A.
1,260 237 492 .782 .87 | A.
595 237 354 .563 .65 | B.
430 154 206 .328 .381C.
670 185 298 .474 .53 | B.

TURKEY RIVER AT GARBER, IOWA.

Location.—At single-span highway bridge at Garber, about 800 feet above the mouth
of Wayne Creek, which enters from the right.

Records available.—August 29, 1913, to September 30, 1914, when station was
discontinued.

Drainage area.—1,560 square miles.

Gage.—Chain gage attached to the bridge; read daily, morning and evening, to
quarter-tenths. Limits of use: Hundredths below 3.0, half-tenths between 3.0
and 4.0, and tenths above 4.0 feet.

Channel and control.—Control consists of sand and mud; channel shifting.

Discharge measurements.—Made from the bridge and at low water by wading.

Regulation.—An electric-light plant and gristmill at Elkader probably produce a
slight daily fluctuation.

Floods.—What is probably the highest stage within the past 20 years occurred on
May 18,1902. On that date a stage of about 23.7 feet referred to gage datum was
reached asindicated by the high-water marks on the door of A. F. Grafe’sresidence
in Garber.

Accuracy.—Gage-height record reliable.

Data insufficient for estimates of discharge.

Discharge measurements of Turkey River at Garber, Towa, during the year ending Sept. 30,
1914.

[Made by J. B. Stewart.)

Gage Dis-
Date. height. | charge.
Feet. Sec.-ft.
MY 20, . o et eteeeiaecacecacaacaneanaaaanan 3.23
JUDG 25, . it eeeeiaeeiiiaeecieaaaaaas 4.84 1,110
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\

Daily gage height, in feet, of Turkey River at Garber| Towa, for the year ending Sept. 30,
1914.

[E. J. Prolow, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3.7 3.06 | 3.3 4.4 4.2 3.95 | 4.3 3.25 4.1
3.35( 3.1 3.35 |. 4.2 3.85 | 3.7 4.2 3.15 3.2
3.2 3.05}| 3.35 |. 4.0 3.7%5 | 3.6 4.0 3.1 3.1
3.05| 3.1 3.3 |. 3.8 4.3 3.5 3.85 | 3.05 3.05
4.1 3.056 ) 3.3 3.5 4.2 4.3 3.9 3.15 3.05
3.3 [.3.06| 3.3 |. 3.4 3.85 1 5.0 3.8 3.156 2.89
3.2 3.06 | 3.35 3.5 3.65( 5.8 3.95| 3.05 2.85
3.25| 3.05] 3.05|. 3.35| 3.45( 5.1 4.0 3.0 2.87
3.2 3.05| 3.15|. 3.25| 3.45| 4.6 3.6 2.91 2.81
3.7 3.06| 3.2 |. 2.98 | 3.40 | 4.2 3.6 2.88 2.92
5.2 2991 3.2 [oeeeiifeceniefenanans 3.2 3.75 | 4.0 3.6 3.0 3.0
4.2 3.06| 3.2 |. 4.1 3.15( 3.65{ 3.9 3.45 | 2.96 2.92
4.0 3.06| 3.25 |. 4.1 3.1 3.75 | 3.95| 3.65| 2.96 3.16
3.7 3.05 | 3.25|. 4.1 3.1 3.7 | 10.9 3.45 | 2.91 5.6
3.5 3.05 | 3.25 3.9 3.1 3.6 |12.3 3.4 2.97 5.4
3.4 3.051 3.2 |..ooioeeeannn 3.8 3.1 3.55 | 8.1 3.5 3.05 4.4
3.4 3.0 3.2 3.5 3.0 3.45| 6.3 3.55 | 2.91 4.0
3.3 3.0 3.2 |. 3.25 | 3.05| 3.4 5.5 3.55 | 3.0 3.9
3.2 3.15] 3.2 |. 3.25| 3.15| 3.3 5.6 3.4 3.95 3.7
3.2 3.2 3.15 |. 3.2 3.35 | 3.3 5.1 3.4 3.8 3.5
3.2 3.2 Jeeeoool]s 3.2 3.3 3.15( 5.6 3.351 3.3 3.45
3.2 3.2 3.15( 3.15( 3.25| 7.2 3.3 3.0 4.0
3.15( 3.2 |. 3.1 3.15| 3.25| 6.0 3.25| 3.05 4.1
3.1 3.2 |. 3.05| 3.1 5.4 5.2 4.0 2.96 3.9
3.1 b 2 120 (RN (R . 3.05| 3.2 5.8 4.7 4.5 3.1 3.7
3.1 3.1 3.2 3.3 8.2 5.2 4.1 2.98 3.56
3.06| 3.1 |. 3.25 ] 3.35| 5.7 4.7 3.65 | 2.91 3.35
3.0 3.1 |. 3.8 3.8 5.0 4.3 3.5 2.88 3.35
3.156| 3.15 4.3 4.9 4.9 4.1 3.35 | 2.93 3.35
3.15| 3.25 4.5 4.6 4.4 4.1 3.25 | 2.97 3.36
3.1 |....... 4.6 f[.ce.... 4.0 {.ce....] 3.3 2.90 }.......

NorE.—Discbarge relation probably affected by ice about Dec. 21, 1913, to Mar. 11, 1014,

MAQUOKETA RIVER ABOVE MOUTH OF NORTH FORK OF MAQUOKETA
RIVER, NEAR MAQUOKETA, IOWA.

Location.—At the Goddard Bridge, about 6 miles northwest of Maquoketa; about
1,000 feet above the mouth of Pumpkin Run entering from the right, and about
7 miles above the mouth of North Fork of Maquoketa River.

Records available.—August 31, 1913, to September 30, 1914.

Drainage area.—957 square miles.

Gage.—Chain gage attached to bridge; read da.11y, in the morning, to ha,lf-tenths
Limits of use: Hali-tenths below and tenths above 3.0 feet.

Channel and control.—No well-defined control; channel somewhat shifting.

Discharge measurements.—Made from bridge.

Regulation.—A gristmill at Canton, about 12 miles upstream, probably causes a
slight fluctuation at the gage.

Data insufficient for estimating discharge for stages above 4.2 feet.

Discharge measurements of Maquoketa River above the mouth of North Fork of Maguoketa
River near Maguoketa, Iowa, during the year ending Sept. 30, 1914.

Date. Made by— hg}i;ﬁ;. ch?g-e Date. Made by— hgi‘;iet. ch]:;l’ﬁg'e.

Feet. | Sec.-ft. Feet. | Sec.ft.

Mar. 27 | W. F. Bickel... 2.54 279 || June 24 | J. B, Stewart........... 2.04 430
May 19 | J. B, Stewart. 2.28 238 '
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Daily ducharge, in second-feet, of Maquoketa River above the mouth of North Fork of
Maquoketa River, near Magquoketa, Iowa, for the period Sept. 1, 1918, to Sept. 30,
1914—-Contmued

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1913-14.
223 | 215 430 | 215 | 296 207 370
207 215 548 215 283 283 337
223 | 223 215| 223 272 187 354
207 | 207 370 | 1,000 {.......
223 | 215 354 | 548 |.......
207 | 207 322 389 |.......
207 | 207 308 | 389 |.......
223 308 | 283 | 1,000
207 | 207 283 | 870
207 | 207 272 | 283 750
261 215 261 648 | 548
223 | 207 261 548 | 498
223 | 215 251 451 | 370
223 | 207 251 430 | 408
215 | 207 241 370 | 389
215 | 207 232 | 370 | 370
241 215 232 370 370
223 207 232 261 370
223 223 | 223 370
223 | 215 223 | 232| 296
215 | 215 223 | 223| 29
207 | 207 223 296 | 370
215 215
207 207 215 215 750
215 | 207 215| 223 | 1,070
215 207 207 251 930
207 215 322 870
215 215 207 322 548
223 207 215 598 498
223 207 215| 354| 370
215 | eeeeae]eeeee| 408 |....... 308 |.......

Monthly discharge of Maquoketa River above the mouth of North Fork of Maguoketa River,
near Maquoketa, Towa, for the period Sept. 1, 1913, to July 31, 1914.

[Drainage area, 957 square miles.]
ischarge in second-feet.
D ge in s d-feet. geuntﬁ’?n

Month. Per es on ;}:ccu-
: drainage Y.

Maximum. | Minimum. | Mean. square area)

mile. .

September. .......cooooiiiiiiiilll. 223 181 201 0.210 0.23 | A.

* October... . 261 207 218 .228 .26 | A.
November. . 223 207 211 .220 .25 | A.
December 1-20 223 207 214 .224 .17 | B.

548 207 279 .292 .18 | B.
548 207 L2712 .284 .32 | A
1,000 215 356 .3712 .43 | B.
296 187 242 .253 .29 | B.
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MAQUOKETA RIVER BELOW MOUTH OF NORTH FORK OF MAQUOKETA
RIVER, NEAR MAQUOKETA, IOWA.

Location.—At the Bridgeport Bridge, about 3 miles northeast of Maquoketa, in the
southwest corner of the NE. % sec. 17, T. 84 N., R. 3 E., about 1,200 feet above
the mouth of Mill Creek, which enters from the right, and about 2 miles below
the mouth of North Fork of Maquoketa River.

Records available.—September 1, 1913, to September 30, 1914.

Drainage area.—1,570 square miles,

Channel and control.—No well-defined control; channel shifting.

Discharge measurements.—Made from bridge. )

Regulation.—Practically no control at this station.

Data insufficient for estimating discharge for stages above 5.8 feet.

Discharye measurements of Maguoketa River below the mouth of North Fork of Maquoketa
River, near Magquoketa, Iowa, during the year ending Sept. 30, 1914.

' Gage | Dis- Gage | Dis-
Date. Made by— hejgit‘ charge. || Date. . Madeby— height. | charge.
. . Feet. | Secft. ‘ X Feet. | Sec.ft.
Mar. 26 | W. F. Bickel........... 3.50 962 || June 24 | J. B, Stewart.......... 3.00 689
May 19 | J. B. Sgewax@ .......... 2.47 432 .

Daily gage height, in feet, of Maquoketa River below mouth of North Fork of Maquoketa
Rwver, near Magquoketa, Towa, for the year ending Sept. 30, 1914.

[John Strodthoff, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.5 2.4 2.4 3.2 2.4 2.6 2.8 2.05| 4.6
2.4 | 2.4 ] 2.4 3.2 241 .25} 26 2.05]| 4.2
2.35] 2.4 2.45 3.1 2.4 2.6 | 2.6 2.0 3.2
2.4 | 2.4 | 2.4 3.0 50| .25{ 25 | 20 2.7
2.4 2.35| 2.4 2.8 3.9 13.1}| 2.4 2.0 2.5
2.4 | 2.35| 2.4 2.8 3.0| 75| 2.4 | 21 11.6

,2.35| 2.35 2.7 29| 6.5} 2.25] 2.0 3.2
2.3 2.4 2. 2.7 2.7} 41) 2.3 2.0 2.8
2.35] 2.35| 2. 2.6 2.6 3.8 2.25| 1.95 2.5
2.35| 2.35| 2. 2.6 2.5} 3.6 2.25|....... 2.4
2.8 2.2 2. 2.6 3.8 3.3 eeenn.n 19 2.4
2.6 2,251 2. . 6 2.6 4.2 3.3] 2.25| L9 2.4
2.6 2.4 2. .7 2.5 3.8 3.0 2.2 1.9 2.35.
2.45| 2.3 2. .7 2.5 3.3 3.3 2.2 19 7.2
2.4 | 23 | 2 7| 25 | 30) 32|22 | 19 | 164
2.4 1.2.3 2.3 .7 2.5 2.8 80| 2.1 2.0 15:1
2.5 2.3 2.3 . 6 2. 45 2.6 2.91-2.6 2.1° 6.3
2.5 2.3 2.3 .5 2.4 foeee... 2.9 2.4 1.95 5.0°
2.45] 2.35| 2.15 .45 | 2.4 2.5 2.8| 2.25| 6.8 4.3
2.4 2.4 2.3 2. .4 2.4 2.4 2.7 2.15| 2.9 4.0
2.4 2.4 | 2.1 2.2 |. 2.4 | 2.4 2.4 27| 2.1 2.4 3.6
2.4 2.4 2.2 2,15 Lo eee.. 2.4 2.5 3.0 2.1 2.2 |o......
2.3 2.4 2.15| 2.2 .35 2.3 2.4 3.11 2.1 2.15 3.5
2.3 2.3 2.25| 2.2 .35 2.3 2.4 3.0] 2.15] 2.1 3.2
2.35] 2.3 2.3 2.2 . 4 2.35 2.4 3.7 2.2 2.05 3.1

....... 2.3 2.4 | 3.8 [.......| 3.8 2.3 29| 3.7) 2.1 2.0 2.9
2.3 2.3 2.3 4.0 |....... 3.0 2.35 2.9 3.4) 2.0 1.95 2.8
2.351 2.3 2.3 2.6 |eeo... 2.6 | 2.35 58| 35| 25 1.95 2.7
2.4 2.3 2.3 3.5 [....... 2.8 2.4 3.6 3.3 2.2 1.95 2.7
2.5 2.3 2.2 4.0 |....... 3.0 2.4 2.9 29| 2.1 1.90 2.6
2.4 |.o..... 2.25| 2.9 |....... 3.3 feeennn- 2.7 [eeeei]eeanans 1.95 |.......

Norte.—Discharge relation affected by ice about Jan. 12 to Mar. 11, 1914,
97825°—wsp 385—15——13
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Darly discharge, in second-feet, of Maguoketa River below mouth of North Fork of Maguoketa
River, near Maguoketa, Iowa, for the period Sept. 1, 1913, to Sept. 30, 1914.

Day. Sept. i Day. Sept. l Day. Sept.

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

1913-14

e Interpolated.

NoTE.—Daily discharge computed as follows: Between 353 and 1,100 second-feet (gage heights 2.2 and
3.7 feet), from a well-defined rating curve; below 353 second-feet from a poorly defined rating curve.
Above 1,100 second-feet estimates are based on an extension of the rating curve and should be used with
care.
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Monthly discharge of Maquoketa River below mouth of North Fork of Maquoketa River,
near Maquoketa, Iowa, for the period Sept. 1, 1918, to July 81, 1914.

[Drainage area, 1,570 square miles.]

: : foet,
Discharge in second-feet. gmi'lf T
- epth in
Month. Per g(li]f les on ‘i‘accc;,l'
.. ainage :
Maximum.| Minimum.[ Mean. s;qnv.ha;e area).
September. .....ccoeuciieieniiiaaa., 458 358 384 0.245 0.27 | B.
October.... . 561 378 414 .264 .30 | B.
November. 407 353 389 248 28 | B.
December. . 334 382 243 28 | B.
January 1-11.. . 407 320 377 .240 .10 | C.
March 12-31.. . cceiiiniiiiieeaaiaaaan 1,030 392 543 .346 .26 | C.
April. . 771 378 477 .304 34| B.
3,350 407 774 .493 57 | B.
320 380 .242 28 | B.

WAPSIPINICON RIVER AT STONE CITY, IOWA.

Location.—At the highway bridge at Stone City, Iowa, a short distance above the
Chicago, Milwaukee & St. Paul Railway bridge, about 4 miles above the mouth
of Buffalo Creek.

Records available.—August 19, 1903, to September 30, 1914, when station was dis-
continued.

Drainage area.—1,310 square miles.

Gage.—Chain gage, attached to bridge; read daily, in the morning, to quarter-tenths
Limits of use: Hundredths below 3.0, half-tenths from 3.0 to 4.0, and tenths
above 4.0 feet. On December 4, 1906, repairs to thebridge resulted in raising the
gagebox. Gage heights from that date to January 23, 1910, when the change was
determined, have been corrected. Corrected gage heights for 1907, 1908, and
1909 were published in Water-Supply Paper 265.

Channel and control.—Control is the remains of a loose-rock dam under the
Chicago, Milwaukee & St. Paul Railway bridge; practically permanent. Con-
struction of a dam at Anamosa caused backwater at gage during July, August,
and September, 1914,

Discharge measurements.—Made from upstream side of bridge.

Floods.—The high water of July, 1892, reached a stage of 28 feet, referred to present’
gage. According to the observer, this stage is probably within one-half foot of
the true elevation of the flood.

Winter flow.—Discharge relation affected during winter by ice 1 to 2 feet thick.

Regulation.—During 1912 there was a power development installed at Center City,
about 20 miles above station, which may possibly cause some diurnal fluctuation
at gage.

Accuracy.—The discharge measurement of September 28, 1914, indicates that about
0.65 foot of backwater was present at the gage. This backwater was caused by the
addition of flashboards to the dam near Anamosa during the latter part of June,
1914. As sufficient data have not been collected to determine the effect of these
flashboards for the various stages at Stone City, no estimates of discharge have
been prepared subsequent to June 23, 1914.

Cooperation.—The gage heights are furnished by Frank Dearborn, of Stone City,
Iowa.
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Dmly discharge, 1 m second-feet, of Wapszpmwcm River-at Stom 1City, Jowa,-for the period
Oct. 1'to Dec. 6, 1913.

| " Dée.

NOTE. ——Daxlg dlscharge computed from a ratmg curve weu -deﬁned between 58 and 2,380 second-feet

(gage heights 3 and 7.
Discharge. Doe. 7-13y 1913, estmated, because of:ice, from gage:helghts, obberver’s notes, one. dxscharga

measurement, and chmatlc records, at 310 second- reet See gActih-my" !n station description
Monthly dmharge ef Wagmp@mcon River at: Stone Czty, Ibwaj | for the pmod Oct. 1 tol)ec'.

13,1913,

o ; R [Dramage area‘,d;.'sll)square mﬂes] i

: . T Dlschargemaecond ieet i gmﬁfﬂ

: M . - . L (- €; in -

- JU 0 Mofith> ¢ : B vl per gn s on ‘};cc;' -
N e g ‘ . RS, S drainage ’
i N Maximum, Mimmum Mea:p; sgllﬁger‘e area).

i . - -
October.... cas| 0 8| 2l 01| 0224 A
November . 164 202 .154 A7TTAL

205 272 . 208 .10 C.

ROCK ‘BIVER ‘AT WATERTOWN, %1s.

Lecatlon At demﬁfee réet fngﬁway bnd‘gé ¢ity” ofwﬁtertoﬁgw . | Cravidet
River-efitets Romt’ the ‘bt #bodt 16 miles below and Ocono é}"from
the left about 9 miles above the station. - :

Records available.—June 18 to September30; 19}4’ - “_{’Mﬁ’ i

Drainage area.—964 square miles. . TR T RGAE Ay sl

Gage—Standard chain’ gage ‘sevitKed ‘to dméh’ea?m ‘mf “bmlge, Féhd dﬁﬁy

~» moring” ghd- aftermion to hundﬂad 8 Lfm‘ifs of isel ﬁundrégtﬂs Belg W 3.0
feet, half-tenths bétwéen 3.0rand 4:0 feat aifd “tonths ahove 4.0eet ¥ U

Chanrel ghd control: 4—CQomsposed of heav§ gra\fei in which thdt®’ iﬁ%’lzﬂ‘g‘é gtﬁ‘v?‘fﬁ‘éf
grass; bed of river is in itself permanent; amotint of - graés-ae Shidls ot the séason.

Diseliarge measuremanits.—Made from downstrdam “&de' “df ’bﬁ&’ge dufﬁxg“‘lﬁ’gff
water and by wading-during low and’ n;ledmm stages, o o -

Winter-flow.—Data hot available. i L e

Regulation.—Immediately above the station is a dam W1th‘a 1Q foof yead‘ ‘furmshm
water-to:two-gristmill, ofte on each-didé of the river.” Du'rmg perioasot’ de’ﬁtﬁ%
the water stands below the crest of the dam, the gntire flow pasing through’the
whéels; gage record for stich _petiods shows a diurnal fluctuation? the flow 1§ ates-
inflhenced to some exterit by operations of the Rough’ and Reédy Dam, about 13
miles above the station.

Accuracy.—Gage-height record only fair.

Data insufficient for estimates of daily and monthly discharge.

gean’y
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Discharge measurements of Rack River at Watertown, Wis., during the year ending Sept.

- 30, 1914.
- Gage Dis- Gage | Dis-.
Date. Made by: height. | charge. Date. Made by— height. | charge
Feet. | Sec-ft. Feet. | Sec.ft.
June 18 2.15 281 || July 21 | W. G. Hoyteee.on...... 2.30 | 0254
29 3.33 1,410

@ Wading measurement at bridge.
NoOTE.—Grass in section and at control when above measurements were made.

Daily gage height, in feet, of Rock River at Watertown, Wis., for the year ending Sept. 30,

1914.
[Herbert Euper, observer.]

Day. June. | July. | Aug. | Sept. Day. June. | July. | Aug. | Sept.
3.05 2.37 2.40 2.36 | ¢1.66 3.8
2.92) al1.92 2.43 2.36 2.41 3.65
2.84 2.34 2.40 .99 2.32 2.20 3.55
2.67 2.36 2.36 . 10 2.16 2.33 3.45
2.57 2.21 2.31 .10 2.31 2.40 3.2
2.59 2.14 al.86 2.19 2.28 2.44 3.05
2.44 2.22 2.22 2.98 2.32 2.62 2.88
2.48 2.36 2.29 3.55 2.26 | 22.36 2.78
2.47| al.64 1.95 3.6 2.33 2.50 2.69
2.44 2.34 2.31 3.55 2.10 2.42 2.64
2.390........ 2.16 3.45 | al.64 2.40 2.60
2.32 2.34 2.21 3.5 2.35 2.32 2.54
2.30 2.22 al.74 3.4 2.30 2.23 | . 2.54
2.38 2.20 2.36 3.3 2.30 2.20 2.48
2.38 1.92 3.6 3.2 2.10 | ¢1.80 2.42

2.12 2,42 | .......
a Sunday.

ROCK RIVER AT AFTON, WIS.

Looation.—At highway bridge, town of Afton, Wis., about 9 miles above the Illinois
- State line. Bass Creek enters from the right about three-fourths mile below the
station. :

Records available.—February 5 to September 30, 1914.

Drainage area.—3,190 square miles.

Gage.—Chain gage fastened to downstream side of highway bridge; read daily, morn-
ing and evening, to quarter-tenths. Limits of use: Hundredths below 2.0 feet,
half-tenths between 2.0 and 3.0 feet, and tenths above 3.0 feet.

Channel and control.—No definite control below gage. River bed consists of
gravel and clam shells and is probably permanent.

Discharge measurements.—Made from the downstream side of highway bridge
during medium and high stages; at low stages by wading. .

Winter flow.—Discharge relation affected by ice; flow determined from measure-
ments made through the ice. '

Regulation.—Operation of power plants at Janesville and above causes fluctuations
at the gage during low stages.

Accuracy.—Rating curve well defined; records excellent except for periods of

. extremely low water, when the mean daily gage height may be in error owing to
fluctuations in stage. :
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Discharge measurements of Rock River at Afton, Wis., during the year ending Sept. 30,
1914.

Gage Dis- Ga Dis-
Date. Made by height. | charge. || D8te- Made by— heig%'net. charge.
Feet. | Sec.-ft. Feet, | Sec.-ft.
Feb. 5| Hoyt and Canfield..... { 251 1,270 || May 15 | M. F. Rather.......... 4.37 2,970
Mar. 3| H.C. Beckman........| 1.96| 5673 July 23 | W. G. Hoyt........ ... 1.15| d709
. 28 | G. H. Canfield. .| 3.46| 2,180 || Sept. 15 |..... [ 1 7.52 | €4,8%0
May 13 |.....d0ceeeeuiecneeonn... 4.28 2,910 18 |..... do...... PN 5.24 3,950

e Small amount of ice in river below bridge.

b Nearly complete ice cover below bridge.

¢ River clear of ice.

d Measurement made by wading at a section 20 feet above the gage.
e Apparently backwater; cause of backwater not known. = .

Daily gage height, in feet, of Rock River at Afton, Wis., for the year ending Sept. 30, 1914.

[Aden Clark, observer.]

Day. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.15 4.2 3.6 3.4 4.0 1.12 1.09
2.15 4.4 3.5 3.4 4.2 .86 1.24
2.1 4.6 3.4 3.2 4.2 1.14 1.36
1.98 4.7 3.5 3.3 3.9 1.05 1.22
2.5 2.1 4.6 3.7 3.3 3.7 1.05 1.28
2.2 2.1 4.8 3.6 3.1 3.7 .90 1.08
2.4 1.78 4.8 3.7 2.75 3.7 . .81 1.26
2.55 1.70 4.8 3.9 2.8 3.7 .86 1.29
2.7 1.68 4.4 3.7 2.7 3.5 .66 1.49
2.7 1.65 4.4 3.5 2.65 3.2 .88 1.10
2.7 1.61 4.3 4.1 2.5 3.0 .94 1.14
2.65 1.58 4.1 4.4 2.45 3.0 1.05 1.20
2.5 1.85 4.2 4.4 2.4 2.65 1.06 1.04
2.35 2.2 4.1 4.3 2.35 2.55 1.08 1.48
2.1 2.0 4.0 4.3 2.35 2.3 .92 6.2
2.35 2.25 3.9 4.2 2.1 2.35 .52 5.4
2.35 2.60 3.8 4.2 1.98 2.1 .85 5.3
2.2 3.0 3.6 4.2 1.86 1.52 .89 5.2
2.1 3.2 3.3 4.0 1.88 1.62 1.00 5.2
2.35 3.2 3.6 3.7 1.95 1.64 1.01 5.4
2.4 3.4 3.3 3.6 1.90 1.55 1.06 5.4
1.88 3.3 3.4 3.4 2.15 1.28 1.14 5.4
2.00 3.4 3.3 3.1 2.2 1.32 1.32 5.4
2.05 3.3 3.1 3.1 2.45 1.16 1.49 5.3
2.1 3.2 2.7 3.9 2.6 1.31 1.42 6.3
2.1 3.2 3.1 3.6 3.6 .84 1.31 5.2
2.1 3.6 3.3 3.5 4.4 1.19 121 4.8
2.1 3.4 3.4 3.3 3.9 1.14 1.14 4.7
......... 3.6 3.5 3.2 4.2 1.30 1.10 4.4
........ 4.0 3.6 3.2 4.2 1.30 1.06 3.9
3 Y P 4.0 J..oo.... 2 1R (R 1.20 1.10 |.....

NorEe.—Discharge relation affected by ice about Feb. § to Mar. 13.
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Daily discharge, in-secongd-fget, of Rock Rivz.ri‘:t Afton, Wis., for the year.ending Sepbi30,
1_ . )

Day. Mar. |. Apr. | May. | June. | July. | Aug. | Sept.
. Y e } N 7ok
1. 2, 2,310 | 2,140 2,670 | ° 692, 678
2 2,220 2,140 2 579 748
3 2,140 | 1,980{ 2,850t * 702 804
4 2,220'| 2,060 | 2,581 : 660 739
5 2,400 | 2,060 2,400 .. 660 | 767
B 2,310 | 1,900 [ 2,400 595 674
7 272001 16107 2,200 —5591 ° 758
8 2,580 | 13670 | 2,400 | 579 771
9 ©2,400 | 1,600 | 2,220 6 866
10 2,220') 1,560 | 1,980 587 683
:2,760-] 1,460 | 1,820 612 702
3,040 | 1,430 1,820| 660 730
3,040 | 1,400| 1,560| 665| 656
2,940 | 1,380 | 1,500 | 674 . -861
2,940 | 1,360 | 1,330 | 604 | @'4,530
2,850 | 1,210 | 1,360 465 4,160
-~ 2,850.1..1,140 | 1,210 575 4,
2,850 | 1,070 881 591 3,920
2,670 | 1,080 932 638 3,920
. 2,400, 1,120 942 642 4,160
2,310 ]..1,090 | 896 | . 665 4,160
2,140 | 1,240 767 702. 4,160
1,900 | 1,270 785 785 ,160
| 1,900 1,430 | . 4,040
600 |. 2,580 .| 1,530 781. 833 4,040
,goo 02,310 | .2,310 | 571|....781.}..3,920
060 [ 2,220 | .3,040 | . 725 | . . 735.[. 3,480
3 ,140 |+ 2,060 | 2,580 | ... 702 . 702.] 3,340
= '220 | 1,980 [ 2,850 63| 3,040
-3 y .- 1,980 | 2,850.}...776 {... 665 2,580
.| 2,670 ........ 2,060 |........ 683 [cennnen
a . . el :
3

’_Nom.—]%gﬂy discharge coriputed ’Erom a rating cyive well defined between 638 and 4,200 secq'ﬁg;f et
gglsac hejghts, 1.0 and 5.5 féety. D: rge estimated, becausé of ice, from gage heights, observer’s 1notes,
i ge measurements, and- climatic recoyds, as follows: Feb. 5-15, 1,100 secon -feei; Feb. 16-28, 840
second-feet; and Mar: 1-13, 970 second-feet. ! . - ’ ’ ' o

. Q:Dischafég}astimai@d frbm:;iischargeTmea‘si;t.lrement‘ixxads'on thisdate. .. .

: _Month,iy ;_disché_rge oj_': Rock River at :Afto.n,': Wis., for the year ending Sept. '3.0A,' ‘1~9I:4;,' .

LE '{Dgaina:‘gb area, 3,190,sqﬁgve.miles.],
b . : o . .2 A b Lo,

T3

 Disbhargé in second-feet.
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ROCK RIVER AT:RQEKFORD, ILLq

Loegtion.—In the southern parf of T. 4. N.; R, 1 E ;.qt highway: bridge at, Nelson
,t\venue, Rockford Wm.uebago Countx,,il.lh a,bout %pnles bglow ;nouth oi aKent
Creek. . i ain L DTLRE Dot b

Records available. —July 30 t'/o September ‘%0 1914 o .;,; iz g

Drainage area.—6, 520 square miles.

quarte:-tenths 4 i ‘,“ R T a
Chanp&l and control. —Proba.b]v pe:mg.ngnt oo S
stchqee mea,surements —Madenirom apstream side of,bgm Y ,‘,‘ 4

Winter, flow. —Ice nyg may. affect :the ‘d;scha.rge rela&on,@un%mt& of, Decemn
Januqr){, and I‘ebruaxy' e Sk Y s A tasiosRE

R.egula.t;on A dam 2 ml.]es ulpstreg,p,. Mt‘hg gnty,q.f kfordt eontmls thgﬁow
; past the gage . The opemn%‘of ,the power, ’pla.nt %mmuw,tmn
atthegagc S ) N

Accuracy—-Gage. read.mgg rehabIe meagutelye”nts, gqu B‘i&!}ht’e“ of m w
‘affect mean daily gage height as obtained from two reﬁd%s.per da.ya

R 4

Dataibsafivient doe makingtestimates oidlwha;gg; T T,.'&:J:’ﬁ'
NP R CLAR IR o 14
Discharge measurements of Rock River at Rockford, I1l., during. the gear mdmo‘&aw
1914.
L ) AL g vt ..‘;"-..2 A e s
Gage Dis [l 3 Gage | Dis-
bate. | MudoByT I neight. | charge. | DN® | MDY height.| charge,
. , T e Feet. Sfec fl B ' o Feet. | Sec.-ft.
July 16 [ B.J. Peterson.......... 3.06 Sept. 10| Peterson and Kessler...| 1.86 1,360
‘" 30 | Petersonand Espinosa.] 2.32 l 730 B ) ’ . i ) o

T TR [

Dmly gage height, in feet, of Rock River at Bocqu}d, m., for the year ;ﬁdmg:S'eptw, 1914.

Day. | July. [ Aug. | Sept. Day. | July. | -Aug. { Sept. Day. | July. | Aug. | Sepi.
- Y NS e as B | S P il L e

2.92 2.16 . 7.88

2.56 2.20 . 7.25

3.53 1.54 3 6.88

3.20 2.36 . 5.72

2.53 5.35 X 4.84

2.03 7.85 || 26 2.34 4.61

2.36 8.20 || 27 2.18 4.35

2.53 7.98 || 28... 2.26 4.31

2.36 7.80 || 29.. 1.96 4.18

2.35 7.88 || 30.. 1.13 4.09

31 2,42 |........
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PECATONICA RIVER AT DILL, WIS.

Location.—At Illinois Central Railroad bridge at Dill (Ramona P. 0.), Wis., 9 miles
above the Illinois State line; about 1 mile below the junction of the east and west
branches of Pecatonica River. Skinner Creek enters from the left about 1 mile
below station. :

Records available.—February 9 to September 30, 1914.

Drainage area.—959 square miles.

Gage.—Cast-iron staff gage fastened to downstream side of the left-hand abutment;
read daily, morning and evening, to quarter-tenths. Limits of use: Hundredths
below 1.0 foot, half-tenths between 1.0 and 2.0 feet, and tenths above 2.0 feet.

Channel and control.—Sandy; likely to shift during all periods of the year.

Discharge measurements.—At low and medium stages made from upstream side
of highway bridge about 400 feet above the gage; during extremely high water
cousiderable water overflows to the left of this highway bridge, 2nd measurements
are made from the railroad bridge to which the gage is attached.

Regulation.—Operation of power plants above the station causes little if any diurnal
fluctuation noticeable at the gage.

Winter flow.—Discharge relation affected by ice; flow determined from discharge
measurements made through the ice.

Accuracy.—Records good.

Discharge measurements of Pecatonica River at Dill, Wis., during the year ending Sept. 30,

1914.
Gage | Dis- - Gage | Dis-
Date. Made by— height. | charge. | Date- Made by height. | charge.
Feet. | Sec-ft. Sec.-ft.
Feb. 9 | Canfield and Hoyt..... 1.80 a325 ,050
Mar. 5 | H. C. Beckman 3.63 a 765
Apr. 17 | W. G. Hoyt.. .../ 1.65 b449 274
ay 13 | M. F. Rather 2.80 883 2,890
14 |..... L 1.90 546 1,630

a Measurement made under complete ice cover. b Control clear of ice.
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1914.

UPPER MISSISSIPPI RIVER DRAINAGE BASIN.

wght, in feet, of Pecatonica River at Dill, Wis., for the year ending Sept. 30,

Dazly gage

[Edward Kubhl, observer.]

Mar.

Feb.

Day.

b .

[/ Estimafed; gage height for crest of flood determined by engineers of the Survey from point marked by

the observer.

99, LIl

Norte.—Discharge relation affected by ice about Feb. 9 to Mar. 20.
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szyﬁgamﬁwmmmmmﬁ?w Dill, Wis., fox. the yegr ending Sepiy

| May. | June. | July.

Aug. | Sept.

411 468 539 327 1,120
411 (- 651 | 502| 3271 ‘8re
41| 438| 468 3% 387
502 399 453 327 336
613 539 438 327 | 827
502 803 438 327 327
424 727 485 327" 336
41| 502 428| 3% 336
41| 453| 3@ | 3w | 3w
300 | 438 Rt me
) | 411 376 327 345

o 411 399° 315 438" 539,
" 411 345 '365
411 953 345 365 468

438 | 1,340 | - 378 T
803 | 1,310 | 355| 308
1,260 | 953 "3451{" ‘310 |

1,290 | 502 345
879 |........| 836 | 38|

"NOTE —Daﬂy di conrputed frbm & ratlng cm‘ve tan'l ~wel deﬂned between 260 and 2, mo'second'
feet (gage height, % 9. Meet) V I,

Discharge W—% ,and
geh:my:dl(ar ;igf%gongﬁ%m% %‘% second-t %0, bend

L 2 es M REEIIR H Te i P e IT
Monthly discharge of Pecatonica Rwer at Dill, Wq,s . fo'r the year ending Sept. 30, 1914.
[Drainage area, 959 square miles.]
Discharge in second-feet. guntg) ?n
©]
Month, Per { es on %:gyf"
5 - e .
Maximum. | Minimum. | Mean. sgll.:lgere area).

0 321 0.24 | C.

681 .710 .8 | C.

515 .537 .60 | A.

575 . 600 B.

613 . 639 72| A.

430 .448 521 Al

352 . 367 42 | A.

839 .875 .98 | B.
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el -'v-’nP'ECA'i?()N[aAﬂmvjv!E)jﬁx"ﬂfmd RT’IL'L.A M

Location.—In T. 27 N., R. B E., at the highway bridge at Hancock Avenue, Free-
.-port, Stephenson (‘ounty Ill , about half a-milegast of the Illinoig Central Rajl-
way station at Freeport apd a.bout 2 mileg'ahové the mouth of Yellow Creek.

Records-available.—September 10 tcheptember'SO 1914, -

Drainage area.—Not measured.

Gage —Standard chain gage attached to bndge, read daily, mormng and afternoon,
to quarter-tenths. : ;

Ghan.nel and control.—Soft-mud; probab}y shlfts .

Discharge measurements. -Made from upstream side of highway bndge .

Floods.—Maximum. gage height since- estab-hehment of gage, 18.45 feet occun'ed
‘Septeiiber 16, 1914. :

Wmtel; flow.—Ice may affeot the dlscha,rge relation during- parts of December,
- January, and Feébruaty.

Regulation.—A dam three-fourths of a mlle upstream regulates the flow past the gage.

_ Data insufficient for making estlmates of discharge.
"The follawing dlscharfre measurement was made by Peterson and Kessler:
" September 10, 1914: Gage height, 3.94 feet; discharge, 386 second-feet.

Daily gage height, in feét, of Pecatonica River at Freeport, IUl., for the period Sept. 11-30;
: S T T 1 ‘

.

; [ [Wﬂliém Stoht, observer.]

Day. | sept. ~ Day. .| Sept. . Day. Sept,

Gign i
38R

[y

& S
o o

IRBER &

—
@
5

37.84

SUGAR RIVER NEAR BRODHEAD, WIS.

Loca.tlon At hlggnmy bndge 2 iniles southWest of the village of Brodhead Wis.

.. and about 12 m;les above the Hlindis State fine.* Jordan Creek enters from the
- right about 2 mJ;les below the: statlon, and thtle .T ordan Creek also from the right
« about 4 miles aliove the station: * « T .

Records avalla'ble —TFebruary 7 to September 30, 1914

Dramage area. —529 square miles. .

Gage.—Chain gage attached to downstream side of hlghway bridge; read daily,
morning and evening, to quarter-tenths. Limits of use: Hundredths below 1.0
foot, half-tenths between 1.0 and 2.5 feet, and tenths above 2.5 feet.

Channel and control.—Bed of river sandy; may shift during-high stiges.

Discharge measurements.—Made from upstream side of bridge at medium and
high stages; at low stages by wading.

Winter flow.—Discharge relation affected by ice; discharge determined from meas-
urements made through the ice.

Regulation.—During extremely low water there may be some diurnal fluctuation
caused by the operation of power plants above the gage, especially the plant at
Brodhead.

Accuracy.—Rating curve well defined; records good.



. 80,
Sept.

“3322
e

wwooom
i od

94%46

vt

Sept
Aug.

5434

e ——

SRwBw

PN

nding

300 feet above gage.

July.

')

Bttt

“641%

ittt

une.

., for the year e
J

Bol80i3

-

1

May.

Bevilo

e lalelatal

¢ Wading measurement,

Apr.

30, 1914.

. =] (=]
58 | =8RKE
AR | g4 °<we
g | w
o8 <S28388Y
¥ | 3500
&
|
by yig i
“wHS L
.m MOMWW,“ N
= mHgH
"OLTTY
SEEE | |
" [NR28S
k] Bsg
(-1
A MMA&
> . (=]
o | sSszesEs
Dh %a L] -
© @x

1914.

Mar.

©

G
height.

Feb.

[Arthur Christianson, observer.

b No ice at control.
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-

Made by—

Day.

Date.

Discharge ’masurcmnté of Sugar River near Brodhead, Wis., during the year ending Sept.

206

a Ice below gage and at section.

Daily gage height, in feet, of Sugar River near Brodhead, Wis

a Sunday.

Norte.—Discharge relation affected by ice about Feb. 7 to Mar. 20.
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Daily discharge, in second-feet, of Sugar River near Brodiead, Wis., for the year ending
Sept. 30, 1914.

Day. . Mar. | Apr. | May. | June. | July. | Aug. | Sept.

322 278 250 199 176
368 264 292 224 176
400 278 307 156 166
307 264 292 199 199

278 176 224
278 368 156 | @148 237
278 433 140 224 224
292 337 176 237 278
368 352 166 250 307
368 688 224 224 2190
337 | 1,100 188 224 264
337 928 176 224 199
337 688 224 | ac74 264
307 {.eennnnn 212 224 |........

a Sunday.
b Discharge at crest of flood (gage height, 9.0 feet) about 6,500 second-feet.
¢ Approximate; based on extension of rating curve.
NotE.—Daily discharge computed from a rating curve well defined between 199 and 4,580 second-feet
(gage heights, 1.3 and 8.0 feet).
Discharge estimated, because of ice, from gage heights, observer’s notes, discharge measurements,and

climatic records, as follows: Feb. 7-20, 215 second-feet; Feb. 21-28, 240 second-feet; Mar.1-10, 445 second-
feet; and Mar. 11-20, 435 second-feet.

Monthly discharge of Sugar River near Brodhead, Wis., for the year ending Sept. 30, 1914.

[Drainage area, 529 square miles.]

Discharge in second-feet. gunﬁ’ & |
(depth in
Month, inches on |ACCU-
Maxi Mini M. Per drainage |CY-
aximum. | Minimum. eal. sgﬂ?re.e area).,

February 7-28 224 0.423 0.35 | C.
March 425 .803 93 | C.
April 344 .650 .73 | Al
May. 323 .611 .70 | AL
June 349 .660 74 | AL
July.. 255 .482 56 | B.
August. .. 198 .374 43 | A.
September.............. 598 1.13 1.26 | B.
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" L8 7 10WA RIVER NEAR IOWA FALLS, IOWA.

Location.—About 1 mile above Iowa Falls and 2 miles below the Northwestern
» Railway bridge. - A small creek enters from theé left between the bridge and the

gage.

‘Records ava.na.ble.——August 5, 1911 to September 30, 1914 when station was dis-

continued, '

G-age —Vertxcal staff fastened toa map]e tree on the north or left bank of the river;

. read daily, morning and evening, to quarter-tenths. Limits of use::

‘Channel and control.—Rock bottom; permanent.

-Hundredths

below 1. 5, half-tenths between 1.5 and 3.0, and tenths above 3.0 feet.

Dischaa:ge measurements.—Made at low water by wading in the vicinity of the
gage; at high stages from Illinois Central Railroad bridge one-fourth mile from

depot.

Wlnter flow —Dlscha.rge re]a,tlon affected by ice. As no discharge measurements
"~ were madé during the winter, no estimates of discharge have been prepared for
penods when thé dischaige relation is believed to have been materially affected

‘ by ice.

Regulation.—A da.m 7 miles above the gage at Alden is used occasionally, but flow

at the gage is probably natural.

"Accuracy.—Conditions favorable for good results. The rating curve, however, has
not been developed for stages above about 2.2 feet, and estimates of discharge
have thetefere not been prepared for periods when the stage exceeded 2.2 feet.

Dwschwge measurements of Iowa Rwer mar Towa -Falls, Towa, during the ycar endmg

Sept 30 1914:

Gage | Dis- ’ _Gage | Dis-
--Date; |~ - - Made-by— height. | charge. Date. Made byf4 height.| charge.

Feet. | Sec. -ft C Feet. Sec.ft.
May 14 { J. B:Stewart-.........[ 0:82 -Sept.-25 | S..B. Soulé:......... PO 141 B SR 1)
June 22 |..... do. . .iiiiiiiiaaa. 1 52 290 ] -

T ety Proba‘bly backwater from darh st iow;» Fa.\ls.
NortE.—Measurements made by wading.
N L '."4-.‘—‘. ks """‘ ~ -0
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Daily gage height, in feet, of Towa River near Iowa Falls, Iowa, for the year ending Sept.

30, 1914.
[Albert Kulas, observer.]
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
0.72| 0.70 ( 0.78 | 0.85( 1.18 | 1.36| 0.90 | 1.22| 0.98 | 1.10| 0.74 0.59
.65 . .75 .82 1.20| 1.35 .98 | 1,18 .90 1.06| .7 .62
.65 .75 .80 .85 1,12 1.55 .88 1.08| .88 | 1.01 .73 .60
.65 .82 .78 .86 | 1.18| 1.55 .89 1.01 .80 | 1.00 .72 .58
.75 76 .75 L9510 1.15| L5 .86 .99 1.00 .97 .70 .61
.80 .74 .81 1.02| 1.06 | 1.48 .86 .99 2.25 .92 .68 .57
.95 .66 .85 1.00| 1.08| 1.5 .88 | 1.00( 6.4 .90 .65 .57
.95 .69 .79 1,00 | 1.16 | 1.48 .84 96! 6.6 .90 .64 .58
112 .72 .80 1.02] 1.16 | 1.40 .80 .92 4.8 .89 .64 .57
1. 40 .72 .85 1.05| 1.20| 1.40| .82| .89 | 4.0 .88 .66 .76
.96 .90 .71) 1.08) 1.18| 1.35 .80 .8 3.5 .84 .68 .82
.92 .80 .82 | 1.08| 1.25| 1.30 .78 .88 2.95( .86 .65 .80
.85 .82 L7501 1,05 1.25| 1.38 .79 .84 2.6 .80 .64 .85
.86 .84 .85 1.08| 1.25| 1.28 .78 .82 2.6 .80 .64 1.04
.75 .80 .80 | 1.08| 1.28| 1.22 .78 8L 2.7 .80 .62 1.25
.78 .80 .81 | 1.09| 1.28| 1.16 .78 .80 | 2.75 .84 .61 1.24
.79 .80 .84 1 1.09| .29} 1.19| .76| .78 2.8. .81 .60 1.12
.81 .80 W76 1,09 1.29| 1.34 .75 77| 2.6 .80 .59 .98
.79 .82 L6901 1,10 1.22| 1.29 .80 74 2.2 .80 .58 .91
.75 .85 .80 1.09| 1.22; 1.38 .80 .72 1.8 .80 .58 .89
.78 .86 .79 100 1.22| 1.04 .84 .74 1.65 .76 .58 .86
.79 .82 .84 1,09 1.24 | 1.09 .82 71 1,65 .73 .58 1.20
.76 .78 .8 | 1.10| 1.28 | 1.056 .79 .72 1.6 .70 .60 1.22
.68 .66 .89 1.10| 1.24 .98 .85 .78 1.55 .70 .60 1.12
.65 | .60 .84 1.10) 1.26 .80 .89 1.01] 1.40| .84 .60 1.04
.79 .62 .80 111 1.29( .82 .90| 1.48) 1.32| .99 .59 .97
.74 .68 .85 | 1.10| 1.45 .80 .91 1.6 1.24 .84 .59 .92
.70 .78 .85 1.25| 1.49| 112 1.14| 1.6 1.19 .79 .59 .87
.72 .80 .90 1.25....... 1,00 1.21| 1.40( 1..15 .71 .59 .82
W71 .85 .88 1.20 |....... 1.00| 1.22| 1.14| 1.13 .70 .59 .78
(1N P .88 115 |......c .98 ... 1.05 |....... .71 I R,

NotE.—Discharge relation affected by ice about Dec. 24, 1913, to Mar. 23, 1914, and by backwater from.
dam at Towa Falls Sept. 2-30, 1914.

Daily discharge, in second-feet, of Iowa River near Iowa Falls, Iowa, from Aug. 6, 1911,
to Sept. 30, 1914.

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept.
1911,
1 4 44 46 20 32
2 6 48 17 17 14
3 8 30 44 14 17
L ] P 4 30 13 17 17
5. - 10 27 39 13 39
6 13 28 14 20 14
7 10 2 17 12 32
8 10 22 30 14 14
9 10 14 37 10 39
10. 24 14 14 3 16

97825°—wsp 385—15——14
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Daily discharge, in second-feet, of Towa River near Iowa Falls, Iowa, from Aug. 5, 1911,
to Sept. 30, 1914—Continued.

S2NES VTSRE [_RBE 5838

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
191112,
P 72 39
95 37
86 32
79 30
79 30
64 30
60 30
66 41
64 39
66 41
66 50
90 90
86 81
86 86
64 68
56 64
48 58
48 58
68 66
118 72
149 72 37
143 72 46
118 66 56
100 64 46
79 58 34
79 50 34
58 52 44
52 46 52
48 44 27
48 41 56
41 39).......
68 22 13
64 30 16
90 12 12
72 14 13
64 20 13
50 20 13
48 28 14
48 8 30
44 14 39
39 14 14
44 30 22
66 30 39
56 48 13
48 41 17
48 39 48
48 30° 17
48 34 37
64 39 12
44 28 48
8 30 39
30 30 17
34 39 52
46 58 22
44 58 34
46 50 41
4! 28 52
44 44 58
41 28 68
41 14 48
86 2 52
b1 [

o Estimated because of ice.
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Daily discharge, in second-feet, of Towa River near Towa Falls, Iowa, from Aug. 5, 1911,
to Sept. 80, 1914—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1913-14.

64 90 143 56 28

58 110 132 56 19

68 86 118 54 16

64 88 115 52 13

58 1. 81 108 48 17

70 81 95 44 12

79 86 90 39 12

66 |. 77 90 37 13

68 68 88 37 12

79 72 86 41 43

50 68 77 44 54

72 64 81 39 50
58 66 68 37

79 64 68- 37 102

68 64 68 34 161

70 64 ik 32 158

77 . 60 70 30 123

60 58 68 28 88

46 68 68 27 72
68 68 68 27

66 77 60 27 62

7. 72 54 27 146

81 66 48 30 152

....... 79 48 30 123

....... 88 77 30 . 102

....... 90 112 28 86

....... 112 77 28 75

....... 155 66 28 64

....... 176 50 28 54

....... 180 48 28 46

.............. 50 28 |oennnn.

Norte.—Daily discharge computed from a rating curve well defined between 14 and 402 second-feet (gage
heights 0.5 and 1.8 feet). Above 402 second-feet (gage height 1.8 feet) the rating curye is simply an exten-
sion. Daily discharge, Sept. 2-30, 1914, when flow was affected by backwater from the dam at Iowa Falls,
computed from a rating curve based on the discharge measurement made on Sept. 25, 1914.

Monithly discharge of Towa River near Iowa Falls, Iowa, from Aug. 5, 1911, to Sept. 30,
1914.

Discharge in second-feet.
Accu-

Maximum.| Minimum.| Mean.

19.1
20.1

.

1]
&
PrPErORE B

o

KRS/ BRBEI
W00 O

—

—

©
.

August...........
September

HrPEEOREE  WERPrE

O OO0

383
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IOWA RIVER AT IOWA OITY, IOWA.

Location.—At highway bridge about 500 feet below Chicago, Rock Island & Pacific
Railway main line bridge, and about three-fourths of a mile below Iowa State
University’s power plant; about three-fourths of a mile downstream from old
gaging station, which was located at the county highway bridge.

Records available.—June 11, 1903, to July 21, 1906; ‘October 30, 1913, to September
30, 1914.

Drainage area.—3,320 square miles.

Gage.—Chain gage attached to upstream side of bridge; read once daily to tenths
during 1913, and twice daily, morning and evening, to tenths during 1914. Limits
of use: Half-tenths below and tenths above 1.5 feet.

Discharge measurements.—Made from a boat about 1,000 feet below highway
bridge.

Winter flow.—Discharge relation affected by ice but usually to a slight extent.

Regulation.—Probable slight daily fluctuations, due to dam and power house above.

Discharge measurements of Towa River at Towa City, Iowa, during the year ending Sept.

30, 1914.
Date. Made by— poage ch’?.ite. Date. Made by— plage eh]?srisg.e.
Feet. Sec.g;é Feet. | Sec.-ft.
Dec. 20 | Hutchinsand Dunlap..[ 1.26 Mar. 14 | Hutchinsand Thul 1.23 10
27 |..... Lo 10 1.36 28 | Hutchinsand Wink 1.55 611
Jan. 6 | Lake, Cheseboro, and 1.24 388 || Apr. 1 | Hutchins and Thul 2.17 1,020
Dunlap. 10 | Hutchinsand Dunlap..| 1.55
6 Richards Jaeger, and 1.24 386 || May 11 | Hutchins and Wood- | 6.03 3,790
Bryant. ward.

Nore.—The above measurements were made by students at the University of Towa.

Daily gage height, in feet, of Towa River at Iowa City, Iowa, for the year ending Sept. 30,
1914.

[Byron Gibson, observer.)

Nov. | Dec, | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.
0.5 1.4 0. 2.2 1.2 1.6 3.1 0.55 0.85
.5 1.1 . 2.0 1.25| 1.6 2.7 .65 .5
.7 .9 2.5 | 1.35| 1.45| 2.4 .85 .5
.7 .9 2.3 L5 1.4 2.2 .6 .45
.5 1.2 2.0 1.45| 2.4 2.0 .5 .5
7 1.6 2.0 1.6 4.0 1.8 .8 6.9
.6 1.0 1.8 2.0 3.2 1.9 .55 2.5
.6 .9 1.6 2.0 2.6 1.8 .6 1.5
BT L9 1.6 1.7 4.2 1.8 .55 1.0
.7 .7 1.6 1.45 | 4.8 1.6 .65 .85
.7 .7 1.6 6.7 5.5 1.45| .5 1.1
.7 .8 1.45( 5.2 5.3 1.4 .56 1.0
.7 1 I P, 1.3 4.4 5.6 1.45 .6 1.0
.9 IS I P 1.3 3.8 6.2 1.45 .6 2.8
.7 1.1 1.25 | 3.4 6.3. | 1.3 45| (@)
.7 1.0 1.15| 2.4 6.5 1.3 7 ®
.7 .9 1.05| 2.0 7.0 1.2 .55 7.2
.7 .9 1.05| 1.8 7.3 1.2 .45 7.8
.5 .9 1.1 1.6 7.2 1.25 .45 7.6
.5 .8 .9 1.35( 6.7 1.4 .65 7.8
.6 .8 .8 1.35 | 5.0 1.3 .45 8.0 .
.6 .8 95| 1.5 |-4.4 1.0 .45 7.6
.5 .7 .9 1.35 | 4.0 .9 .35 7.0
.3 .7 .81 1.3 3.5 1.05 .35 6.2
.3 .8 .95 1.25| 3.7 .95 .4 6.0
.1 .8 . 75 1.2 3.3 .95 .45 5.1
.5 .8 . .8 1.2 4.4 .85 .4 4.5
6 8| . 9|11 50| 8] .45] 40
.6 .5 1.0 .95 .95 | 4.7 .9 .35 3.5
IR : 71 . 1.15( 1.15| 3.8 .95 .35 3.2

....... .3 ceeeeee| 16 {eae| .9 .35 ...

& Observer reports stage above 10 feet. b Stage dropped about 3 inches.

Nore.—Discharge relation probably not materially affected by ice during the year ending Sept. 30, 1914.



UPPER MISSISSIPPI RIVER DRAINAGE BASIN.

213

Daily discharge, in second-feet, of Iowa River at Towa City, Iowa, for the year ending Sept.

30, 1914.

Day. Oct. | Nov. | Dec July. | Aug. | Sept.
270 575 1,590 284 372
270 455 1,320 312 270
326 387 1,120 372 270
326 387 998 297 257
270 492 880 270 270
326 668 770 356 | 4,540
207 | 420 824 | 284 | 1,180
297 387 770 297 620
270 387 770 284 420
326 326 668 312 372
326 326 598 270 455
326 356 575 284 420
326 387 598 297 420
387 387 598 297 | 1,380
326 455 532 257 | 8,000
326 420 532 326 {7,500
326 387 492 284 | 4,790
326 387 492 257 | 5,310
270 387 512 257 | 5,130
270 356 575 312 | 5,310
297 356 532 257 | 5,490
297 356 420 257 | 5,130
270 326 387 2321 4,620
220 | 326 438 | 232 | 3,940
220 | 356 404 | 244 3,770
181 356 404 257 | 3,050
270 356 372 244 | 2,600
297 356 356 257 | 2,220
297 270 387 232 | 1,870
356 | 245 404 | 232 1,660

....... 220 387 22 |.......
a Interpolated. b Estimated.

Nore.—Daily discharge computed from a rating curve fairly well defined between 420 and 4,620 second-
feet (gage heights 1.0 and 7.0 feet).

Monthly discharge of Iowa River at Towa City, Towa, for the year ending Sept. 30, 1914.

[Drainage area, 3,320 square miles.]

Di -feet.
ischarge in second-feet. guntifﬂ
epth in
Month. Per %1‘10 eS on ‘::g;,l'
5 . ainage ’
Maximum. | Minimum. | Mean. slt}lt}la;e area).
November. 387 181 296 0.089 0.10 | C.
December. 668 220 382 .115 13| D,
January........... 420 181 257 .077 .09 | D.
February 1-5 297 244 276 .083 .02
March4-31........ 2,300 372 571 172 | .18 | B,
April............ 1,180 341 586 177 .20 | B.
May .. . 4,360 404 973 .293 .3¢ | B,
June................... 4,880 575 2,610 . 786 .88 | B.
July. . oooiiiei.. 1,590 356 636 .192 .22 | B.
August.... 372 232 277 .083 .10 ] C.
September.................... 8,000 257 2,720 .819 .91 | C.
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CEDAR RIVER NEAR AUSTIN, MINN.

Location.—In sec. 15 T.102 N., R. 18 W., just below the dam of the Red Cedar Mill,
2 miles below Austin, Minn.

Records available.—May 29, 1909, to September 30,-1914, when station was discon-
tinued.

Gage.—Chain gage since May 2, 1913; read to quarter-tenths three times daily when
Red Cedar Mill is in operation and twice daily at other times. Limits of use:
Hundredths below 3.0 half-tenths between 3.0 and 4.0, and tenths above 4.0 feet.

Channel and control.—Sand, gravel, and clay; may shift during high water.

Winter flow.—Somewhat affected by ice; discharge estimated from discharge
measurements.

Regulation.—Immediately above the station is the water-power plant known as Red
Cedar Mill. During the low-water season the water falls below the crest of the
dam by the end of the 10 or 12 hour run, and after the turbine is closed the water
is held back for several hours before it rises sufficiently to flow over the crest;
consequently the stage of the river changes considerably during each 24 hours.

Accuracy.—Owing to the slightly shifting channel the growth of grass during the
summer, and fluctuations 1n stage caused by the operation of the power house,
records are only fair.

Discharge measurements of Cedar River near Austin, Minn., during the year ending Sept.

30, 1914.
[Made by S. B. Soulé.]
Gage Dis- C) Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft.
Oct. 19.. 2.4 a9
19 2.45 a28
Jan. 22, I 28 84
Apr.8 Il 2.53 67

a Considerable guantity of grass in channel.
b No ice presen

¢ Measurement made by wading.
d Measurement made by wading " considerable quantity of grass in channel at control,
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Sept.

Aug.

July.

May. | June.

Apr.

1914.
' Feb. | Mar.

Jan.

[J. C. King and H. C. Buck, observers.]

Dec.

Nov.

UPPER MISSISSIPPI R-IVER' DRAINAGE BASIN.

Daily gage height, in feet, of Cedar River near Austin, Minn., for the year ending Sept. 30,

Oct.

Day.

Nore.—Discharge relation affected by ice about Feb. 1 to Mar. 3, 1914.
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Daily discharge, in second-feet, of Cedar River near Austin, Minn., for the year ending Sept.
80, 1914.

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

54 42 88 122 241 90 443 32 48

7 70 95 173 81 338 13 40
51 51 62 64 166 110 268 30 36
51 37 58 150 108 | 202 31

58 1 58 74 800 118 12 36
26 62 68 98 458 105 36
64 51 51 74 53 268 98 31 36
46 62 64 88 652 76 19 37
13 60 56 811,290 58 15 28
43 62 72 60 952 74 15 54
42 38 58 51 | 1,100 16 68
51 66 68 64 | 1,330 66 15 64

2RELE SIR&R
&
5
o
8

26 64
64 72
37 51 74 64 353 51 25 46
43 48 72 60 324 26 26 64
51 56 8 68 254 48 25 45
43 62 26 95 74 202 42 22 68
46 54 48 81 76 215 37 50 74 .
60 28 45 74 74 228 37 128 64
68 68 40 90 163 254 37 98 60
60 66 23 74 228 268 74 53
62 53 51 54 58 202 228 22 54 50
50 40 48 46 189 158 618 36 48 28
28 66 18 53 618 140 | 1,260 38 46
43 62 45 58 | 1,030 102 2 23 42 46
17 38 46 86 98 88 586 42 32 54
34 f....... 51 130 |......- 76 |....... 48 43 fo......

Note.—Daily discharge determined as follows: Between 6.7 and 1,370 second-feet (gage heights, 2.1
and 6.5 feet) from a well-defined rating curve; Oct. 1 to Nov. 20, 1913, and July 16 to Sept. 30, 1914, on
account of backwater caused by grass in the cfmnnel, by the indirect method for shifting channels. Dis-
charge estimated, because of ice, from gage heights, observer’s notes, and climatic records, as follows:
Feb. 1-28, 25 second-feet; and Mar. 1-3, 50 second-feet.

Monthly discharge of Cedar River near Austin, Minn., for the year ending Sept. 30, 1914.

[Drainage area, 425 square miles.]

Di i -feet.
ischarge in second-feet. (J&%un t']f?n
o
Accu-
Month. » Per 168 °§ racy.
Maximum. | Minimum. | Mean. s&tﬁ:ﬁe area).
53.1 0.125 0.14 | C.
42.5 .100 d1fC.
50.3 .118 .14 | C.
39.1 .092 1| C.
25 .059 .06 | D.
79.7 .188 .22 | C.
137 .322 .36 | B.
107 .252 . B.
496 1.17 1.30 | B.
96. 4 .227 .26 | C.
34.0 .09 | D.
48.7 115 .13 C.
100 .235 3.21
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OCEDAR RIVER AT CEDAR RAPIDS, IOWA.

Location.—In the central part of Cedar Rapids,. below the dam, and between the
electric railroad bridge and the Seventh Avenue combination railroad and foot-
bridge. '

Records available.—October 26, 1902, to September 30, 1914.

Drainage area.—6,320 square miles.

Gage.—Inclined staff gage, reading from 0 to 15 feet, fastened to posts driven in the
right bank of the river in the rear of the Iowa Windmill & Pump Co.’s plant; read
daily, in the morning, to tenths.

Channel and control.—Bed of river consists of rock and gravel; clean of vegetation
and nearly permanent.

Discharge measurements.—Made from the upstream side of the First Avenue
Bridge.

Winter flow.—The gage is located where the current is swift, and ice seldom forms
across the river for the entire width; the discharge relation, therefore, is affected
only slightly by ice. ’

Regulation.—A dam and power plant above the station may modify the flow to
gome extent during low stages of the river.

Accuracy.—Records good. Estimates, except when ice is present, based on a well-
defined curve.

Cooperation.—Gage heights furnished by the United States Weather Bureau.

Discharge measurements of Cedar River at Cedar Rapids, Towa, during the year ending
Sept. 80, 1914.

Gage Dis-
Date. Made by— height. | charge.
. Feet. Sec.ft.

Dec. 5 | Soulé and Bickel. . ... ... ..c.ooiiiie it 3.05 983

May 13 | J. B. SteWaIt. ..ottt 3.44 1,700

Daily gage height, in feet, of Cedar River at Cedar Rapids, Iowa, for the year ending Sept.

30, 1914.
Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug.

2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
- 3.
3.
3.
3.
3.

OO0 NVOWNROX ©WVOLPL CONVOLR ©CNOOLO VOPLOO
DI~ NN OOD WPEWWP~] XJORL COOD HOMOH
MM =EN) MNON ONMN DWW BRI IO 0
WP R RO GNNOI RRRRS TR R RRW0R
O HTONT ~I~TIO~I~] WVPOWOW XVRLONO NJOXRO
2
PWLRWE WHWp® WKW CoNN PPN PPN ']
BB IOIa] =IO VRUINO VPO VOO ©HOOXO *

OB O ©OMROOW ~IN~TI~TW0 ~JONOR ©PEORL ~J0=J00

W NENHW WRhWO®W TN HVROD NNCWN

mMOOWOW QOO COWME MENMW OO LWLV O
QORI NN OOHOM OFHOMO NOM DN M-
NONOUE N=WNR WnWOik SUTTWE NWOO® ©Ww~I
ORBINOW OMHONM WNBRWE WO OIh A0 ©COP WM
WM IWWICE WM WOKWLIW WWWM P Pk
IO 0OJO0 0WWEL OWPOPL NVWNWN CLOLM OF N

Nore.—Discharge relation probably not materially affected by ice during the year ending Sept. 30, 1914.
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Daily discharge, in second-feet, of Cedar River at Cedar Rapids, Towa, for the year ending
Sept. 80, 1914. :

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
950 | 1,100 | 580 | 1,100 | 690 | 3,170 | 1,100 | 3,170 | 3,790 | 1,100 810
950 | 1,260 690 950 580 | 2,870 | 1,440 | 2,590 | 4,110 | 1,260
810 | 1,100 580 | 1,100 690 | 2,320 | 1,630 | 2,870 | 4,760 | 1,100 810
950 | 1,260 690 950 690 | 2,320 | 3,170 | 2,320 { 3,790 | 1,100 690
810 | 1,100 580 | 1,100 810 | 1,840 | 2,870 | 3,790 | 3,790 810
950 | 1,260 810 950 810 | 2,070 | 2,870 | 2,870 | 3,170 | 1,100 810
810 | 1,100 690 | 1,100 950 | 1,630 | 2,320 | 4,760 | 3,170 810 810
950 | 1,100 810 950 950 { 1,840 | 2,070 | 6,120 | 2,590 950

950 690 950 | 1,440 | 1,630 | 1,440 | 9,340 | 2,590 810 810
810 | 1,260 | 810 | 810 1,260 | 1,630 | 1,630 | 9,340 | 2,070
690 950 690 810 | 1,630 | 1,440 | 1,630 | 7,530 | 2,070 690 810
810 | 1,100 [ 810 | 690 | 1,440 | 1,260 | 1,840 | 6,120 | 1.840 | 690 690
950 810 { 1,840 | 1,100 | 1,630 | 6,120 | 2,070-| 690 810
950 | 1,100 810 580 | 1,840 | 1,100 | 1,840 | 5,770 | 1,630 810 810
810 690 | 2,070 | 1,100 | 1,440 | 5,770 | 1,840 | 690 | 9,340
810 | 1,100 | 690 | 580 | 1,630 | 1,260 | 1,630 | 5,430 | 1,440 | 810 | 3,170
950 580 690 | 1,840 | 1,100 | 1,440 | 8,970 | 1,840 690 | 2,070
810 | 1,100 580 690 | 1,440 | 1,260 | 1,630 [13,900 | 1,440 810 | 1,840
810 490 810 | 1,840 950 | 1,260 |16,600 | 1,630 690 { 2,590
810 950 580 810 | 1,440 | 1,100 | 1,440 (12,700 | 1,440 950 | 2,590
690 580 690 950 | 1,630 | 1,100 | 1,100 | 8,970 | 1,440 810 | 2,070
810 950 | 810 | 1,260 | 1,260 { 1,260 | 7,170 | 1,100 | 810! 3,790
490 810 810 | 1,440 950 950 | 6,120 | 1,260 690 | 2,590
810 | 580 | 1,100 | 690 | 1,100 | 1,260 | 1,100 | 5,430 | 1,100 | 810 | 2,320
490 810 690 | 1,260 | 1,100 950 | 5,090 | 1,260 690 | 1,840
690 | 1,100 580 | 1,630 | 1,260 | 1,440 | 4,430 | 1,100 690 | 2,320
580 950 580 [ 1,840 | 1,100 | 2,870 | 4,430 | 1, 1,840
580 | 1,630 490 §, 070 | 1,440 | 3, 3,480 | 1,100 810 | 1,840
490 | 1,100 |....... 1320 | 1,260 | 4, 3,480 | 1, 1,630
690 | 1,100 |....... 2,870 | 1,260 | 4,430 | 2,870 | 1,100 810 | 1,630
580 950 |....... 3,790 |....... 3,170 |....... 1,260 580 |.......

Note.—Daily discharge computed from a rating curve’well defined between 600 and 36,000 second-feet.
Open-channel rating curve applied throughout entire year. ’

Monthly discharge of Cedar River at Cedar Rapids, Towa, for the year ending Sept. 30, 1914.

[Drainage area, 6,320 square miles.]
Discharge in second-feet. gm‘ tﬁ
6
Month. Per nches on ‘::g;,l'
Maximum, | Minimum. | Mean, | square d{:g;g“
mile. :

1,440 690 0.144 0.17 | A.
1,100 690 816 .129 .14 | B.
1,260 490 142 .16 | B.
1,630 490 126 . B.
1,100 490 811 .128 .13 | B.
, 700 58| 1,520 .24 .28 | A.
3,170 950 1,500 . .26 | A.
4,430 950 1,990 .315 .36 | A
16, 600 2,320 6,250 .989 1.10 | A.
4,760 1,100 2,080 .329 .38 | A.
1,260 580 826 .131 A5 1A,
9,340 690 1,810 .286 .32 | A,

16, 600 490 1,680 . 266 3.60
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SKUNK RIVER AT COPPOCK, IOWA.

Location.—At highway bridge about one-eighth mile above railroad station and about
one-fourth mile above junction with Crooked Creek.

Records available.—October 21, 1913, to September 30, 1914.

Drainage area.—Not measured.

Gage.—Chain gage attached to downstream side of bridge; read daily, in the morn-
ing, to half-tenths. Limits of use: Half-tenths below and tenths above 3.5 feet.
During October, November, and December, 1913, the gage was read once daily
to hundredths. For this period gage heights below 3 feet are recorded to hun-
dredths.

Channel and control.—Gravel and sand; channel liable to shift.

Discharge measurements.—Made from highway bridge.

Winter flow.—On account of ice gage heights not a correct index of the flow during
winter months.

Accuracy.—Conditions of flow fairly good. Currentnot normal to bridge at medium
or high stages. Two railroad bridges about 500 feet below gage may catch drift
at high stages.

Cooperation.—Station established by and maintained in cooperation with the
Misgissippi River Power Co. for flood-prediction purposes.

Discharge measurements of Skunk River at Coppock, Towa, during the year ending Sept.
30, 1914.

[Made by D. V. Egbert.}

Gage Dis-
Date. height. | charge.

Feet, Sec.ft.
27 57

L T 2.
Oct, 21 .. 2.73 142
Sept. 19, ..ol 10. 86 5,740

NortE.—Measurements made by engineers of the Mississippi River Power Co
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Daily gage height, in feet, of Skunk River at Coppock, Towa, for the year ending Sept. 30,
1914. ,

[J. W. Ricks, observer.]

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.50 | 2.45 2.95 1 3.1 4.0 2.50 2.35
2.50 | 2.50 3.0 3.0 3.6 2.50 2.8
2.48 | 2.43 3.25( 3.0 3.456| 2.45 2.7
2.471 2.53 3.3 3.0 3.35| 2.40 2.40
2.47 | 2.56 4.2 3.05| 3.25| 2.35 2.65
2.45| 2.63 3.5 3.2 3.1 2.35 2.80
2.451 2.62 3.3 3.0 3.05| 2.30 2.60
244 2.60 3.45( 2.8 | 3.6 2.25 3.15
2.42 1 2.62 3.4 2.8 5.5 2.25 3.5
2.42| 2.65 3.456| 4.2 4.0 2.25 3.5
2.40 | 2.62 4.0 4.1 3.35| 2.25 4.4
2.40 | 2.60 4.4 4.2 3.2 2.20 4.4
2.39 | 2.58 4.6 4.8 3.05| 2.20 4.5
2.37 | 2.59 5.9 4.2 2.95 | 2.15 4.1
2.40| 2.62 5.8 5.0 2.8 | 2.10 4.2
2.33 | 2.63 5.0 4.8 2.80 | 2.15 7.9
2.38 | 2.63 4.4 4.4 2.70 | 2.20 9.3
2.42 | 2.64 4.0 4.2 2.65| 2.10| 10.4
2.37| 2.65 3.8 4.2 2.65| 2.25| 10.8
2.40| 2.65 3.6 4.0 2.65| 2.8 | 11.2
.72 2.40 | 2.73 3.6 3.8 2.60 | 2.50] 11.3
.63 | 2.40 | 2.8 3.45| 3.6 2.60| 2.30§ 11.4
.62 | 2.38| 2.63 3.3 5.0 2.65| 2.20| 10.3
.62 | 2.38| 2.60 3.25 | 4.8 2.60| 2.15 9.0
.80 | 2.38| 2.61 3.2 3.8 2.55 | 2.10 9.0
2.76| 2.38| 2.63 3.2 3.7 2.50 | 2.10 8.4
2.68 | 2.39| 2.53 3.1 5.2 2.65 | 2.10 7.4
2.63 | 2.42 | 2.48 3.05 | 5.9 3.1 2.15 6.6
2.63 | 2.41| 2.46 3.4 5.9 2.65 | 2.20 6.0
2.56 | 2.42| 2.62 3.25| 4.9 2.50 | 2.35 5.6
2.56 |....... 2.58 3.1 [.......] 2.456| 2.30]...... .

Note.—Discharge relation affected by ice about Jan. 1 to Mar. 31, 1914.

Daily discharge, in second-feet, of Skunk River at
30, 1

Coppock, Towa, for the year ending Sept.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
95 560 | 190| 226 620 95 70
95 480 | 202| 202( 370 95 168
92 440 265 202 325 86 146
90 520 280 202 295 78 78
90 440 600 214 265 70 124
86 440 340 250 226 70 157
86 405 280 202 214 62 114
8 370 325 168 370 54 238
81 370 310 157 | 1,300 54 340
81 340 325 600 520 54 340
73 325 520 560 205 54 690
78 310 690 600 { * 250 47 690
76 295 785 885 214 47 735
73 265 | 1,560 600 190 40 560
78 280 | 1,490 285 168 33 600
67 265 995 885 157 40 | 3,040
% 238 690 690 135 47 | 4,300
81 238 520 600 124 33 | 5,400
73 226 440 600 124 54 | 5,800
78 190 370 520 124 168 | 6,220
78 179 370 440 114 95 | 6,320
78 202 325 370 114 62| 6,430
% 250 280 995 124 47 | 5,300
75 238 265 885 114 40 | 4,020
5 226 250 440 104 33 | 4,020
75 214 250 405 95 33| 3,460
76 214 | 226|1,120| 124] 33| 2640
81 238 214 | 1,560 226 40 | 2,040
80 214 | 310 1,560 | 124 47| 1,620
81 190 265 940 95 70| 1,360

ceeeees| 110 f...o .. PRI PR PR 226 |..... . 86 621.......

Nore.—Daily discharge computed from a fairly well defined rating curve drawn by engineers of the
Mississippi River Power Co.
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Monthly discharge of Skunk River at Coppock, Towa, for the year ending Sept. 80, 1914.

Discharge in second-feet.
Month. If“a%‘;u'
Maximum. | Minimum. | Mean.
October 21-31. . .. 157 106 126 B.
95 67 80.4 | B.
168 83 114 C.
560 179 305 A.
1,560 190 457 B.
1,560 157 602 B.
1,300 86 242 A.
168 33 59.5 | B.
6,430 70| 2,230 | A.

DES MOINES RIVER AT KALO, IOWA.

Location.—At highway bridge at Kalo, about 14 miles east of Otho, a station on the
Minneapolis & St. Louis Railroad; about 1} miles above the mouth of Holiday
Creek, which enters from the left.

Records available.—October 18, 1913, to September 30, 1914, when the statlon was
discontinued.

Drainage area.—Not measured.

Gage.—Chain gage attached to downstream side of bridge; read daily, in the after-
noon, to quarter-tenths. Limits of use: Hundredths below 0.0, half-tenths between
0.0 and 2.0, and tenths above 2.0 feet.

Channel and control.—No well-defined control channel consists of gravel and is
fairly permanent.

Discharge measurements.—Mad@é from bridge during high stages, and by wading
during low stages.

Point of zero flow.—The point of zero flow is estimated to be at gage height —1.0+-0.2
foot.

Winter low.—Observations discontinued during winter months.

Discharge measurements of Des Moines River at Kalo, Iowa, during the year ending Sept.

30, 1914.
Gage Dis- Ga Dis-
Date. Made by— height. | charge. || D&te- Made by— height. | charge.
Feet. | Sec.-ft. Feet. | Secft.
Oct. 16 | S. B. Soulé............. 1.01 327 || Sept. 26 | S. B. Soulé............. 1.59 600
May 15 | J. B. Stewart.. 1.02 290 26 |..... L [+ R 1.46 482

June 21 |..... A0eennnnin | 6.88| 5098
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Daily gage height, in feet, of Des Moines River at Kalo, Towa, for the year ending Sept. 30,
1914.

[S. C. Fuller, observer.)

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June. | July. | Aug. | Sept.
0.9 [eeeieiiferoaeaifemaaaas 1.2 1.9 3.3| 5.8 1.85 1.0
[ N R P 1.15]| 1.9 2.6 | 5.7 1.75 .95
A5 el 1.1 1.9 2.5 4.9 1.6 1.0
IS S PO P 1.05| 1.75 2.0 4.9 1.7 .95
1 U RN SO 1.1 1.75 2.6 4.9 1.55 .95
.9 1.05| 1.6 3.0] 4.9 1.45 1.0
.95 1.05 | 1.45 3.4| 5.0 15 .95
1.0 1.0 1.3 3.7| 4.8 1.4 1.0
.9 1.0 ['1.25 4.3| 4.7.| 1.4 1.0
.85 .95 1.25 4.7 | 4.6 1.7 1.3
[ 2 PR P, .9 1.2 5.3 | 4.4 1.25 1.4
IS (N PR SO .9 1.2 5.8( 4.2 1.3 1.6
[ PP PO, .9 1.15 6.0 | 4.0 1.15 1.65
I S PPN U .85 1.1 6.3 3.8 1.1 1.75
. 20 PN P 85| 1.0 6.6 | 3.6 1.15 1.7
.7 .85 | 1.0 7.11 3.6 1.15 1.7
.8 .9 1.0 7.0] 3.4 1.55 1.85
.8 95| 1.0 6.8 3.0 1.35 1.9
.9 1.0 1.05 7.0 3.0 1.15 1.7
1.0 1.1 1.05 7.3| 2.8 1.05 1.65
L4 e 1.15] 1.0 70| 2.6 1.0 1.65
L7 Jeeeecec]onannes .7 1.15} 1.0 6.6 2.6 1.0 1.65

.............. W7 1.2 1.05 6.2 2.4 .95 1.55
.............. 7 1.2 1.65 6.6 3.1 .9 1.45
.............. .9 1.2 2.2 6.8 2.5 .85 1.4
951 1.2 3.7 6.6 2.3 .85 1.4
. .9 1.6 4.4 6.4 2.2 1.0 1.55
|l Lo 1.7 4.5 6.1 1.95 .95 1.85
| 11 1.7 4.8 6.0 2.0 10 1.45
.| 115} 1.8 4.5 5.0 2.0 .95 1.4
.............. . J L2 ... 40 {......| 2.0 1.0 |.......

Note.—Discharge relation affected by ice about Dec. 19, 1913, to Mar. 21, 1914,

Daily discharge, in second-feet, of Des Moines River at Kalo, Iowa, for the year endmg
Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
380 734 | 1,750 | 4,580 708 303
360 734 | 1,190 | 4,450 652 286
340 734 | 1,120 | 3,460 571 303
322 652 | 7 3, 460 625 286
340 652 | 1,190 | 3,460 545 286
322 571 | 1,500 | 3,460 494 303
322 494 {1,840 | 3,580 | 519 286
303 423 | 2,130 | 3,340 469 303
303 402 | 2,770 | 3,220 469 303
286 402 | 3,220 | 3,100 625 423
269 380 | 3,940 | 2,880 402 469
269 380 | 4, 2,660 423 571
269 360 | 4,840 | 2,440 360 598
254 340 | 5,230 | 2,230 | . 340 652
254 303 | 5,620 | 2,030 360 625
254 303 | 6,270 | 2,030 360 625
269 303 | 6,140 | 1,840 545 706

303 | 5,880 | 1,500 446 734

303 322 | 6,140 | 1,500 360 625
340 322 | 6,530 | 1,340 322 598
360 303 | 6,140 | 1,190 303 593
360 303 | 5,620 | 1,190 | 303 593
380 322 | 5,100 | 1,050 286 545
380 598 | 5,620 | 1,580 | 269 494
380 913 | 5,880 | 1,120 | 254 469
380 | 2,130 | 5,620 979 | 254 469
571 | 2,880 | 5,360 913 303 545
625 | 2,990 | 4,970 762 286 706
625 | 3,340 | 4,840 303 494
679 | 2,990 | 3.580 790 286 469
3l.. 4 o380 f....... 2,440 |....... 790 303 |.......

Note.—Daily dJschar%o computed from a rating curve fairly well defined between 269 and 625 second-
feet (gage heights, 0.9 and 1.7 feet). Above 1.7 feet the rating curve is based on one dischnrge measurement
made at gage height 6.88 feet.

7



UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 223

Monthly discharge of Des Moines River at Kalo, Towa, for the year ending Sept. 30, 1914.

Discharge in second-feet.
Month. ‘}:cc;,l’
Maximum. | Minimum. | Mean.
L6174 P P ) PO s
NOVEMDbEr 5-30.. . ..o eeecirae et ca e aaeaaeaaaaaaeaaannn 303 190 239 | C.
December 1-18. .. .ot e 303 110 216 | D.
C.
B.
B.
B.
(])3.
August. ..
September.... 734 286 489 | B.

DES MOINES RIVER AT KEOSAUQUA, IOWA.

Location.—At county bridge one-fourth mile above old dam site and Government
locks.

Records available.—May 30, 1903, to July 21, 1906; April 5 to December 31, 1910
(United States Engineer Corps); August 3, 1911, to September 30, 1914.

Drainage area.—14,300 square miles.

Gage.—Chain gage attached to upstream side of bridge. (Gage originally attached
to downstream side of bridge changed because of repairs to bridge at unknown
date.) Gageread once daily to half-tenths. Limits of use: Half-tenths below 2.0
feet and tenths above 2.0 feet.

Channel and control.—A riffle, consisting of gravel, about one-fourth mile below
gage. Channel composed of sand and gravel on the left and rock on the right;
shifts at flood stages.

Discharge measurements.—Made from the downstream side of the bridge.

Winter flow.—Observations discontinued during winter months.

The following discharge measurement was made by Bolster and Davis:
September 19, 1914: Gage height, 10.44 feet; discharge, 27,600 second-feet.
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Daily gage height, in feet, of Des Moines River at Keosauqua, Iowa, for the year ending
Sept. 30, 1914.

[Oscar McCrary, observer.]
Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. { Sept.
1.75| 1L.75] 2.8 3.3 0.95 1.1
.75 2.3 2.5 2.9 .95 1.05
1.66 ( 2.1 2.4 2.8 .85 .85
1.4 1.95} 2.2 2.6 .8 .6
.25 1.9 2.0 2.6 .8 .55
1.25 | 1.6 1.8 2.6 .85 .9
1.2 1.55 | 1.7 2.6 .85 .75
1.15]| 1.95| 1.45]| 2.8 .75 .75
.15 1.6 1.45| 2.3 .7 .7
1.0 1.35| 1.55| 2.3 .7 175
1.0 1.55| 1.85| 2.3 .65 2.4
.95 3.0 2.0 2.1 .7 2.0
.95 | 4.2 2.0 2.3 .6 1.7
951 5.0 2.4 2.2 .6 1.65
.9 3.8 2.6 2.0 .55 5.2
.85 2.8 3.2 1.9 .55 8.4
.8 2.0 3.7 2.0 .55 9.9
.71 1351 3.8 1.95 .45 ] 10.8
751 1.3 3.8 L7 .45| 10.4
.7 1.25{ 3.5 L5 .6 10.4
.65 1.15| 3.6 1.45 .55 6.2
.65 1.1 3.4 1.35 .5 4.6
.65 1.05( 3.4 1.35 .45 3.6
7 .95 | 3.4 1.25 .45 4.8
.75 .9 3.2 1.15 .4 4.4
.75 1.3 3.4 |.1.15 35 3.6
751 L5 3.4 1.05 4 2.9
,95 | 2.4 4.2 1.05 .5 2.4
.9 2.2 4.6 .95 .4 2.0
0 2.3 3.7 .95 .4 1.9
cieen 2.7 |eeenenn .95 .35 .. ....

Nore.—Discharge relation affected by ice about Jan. 1 to Mar. 31, 1914,

Dd'ily discharge, in second-feet, of Des Moines River at Keosauqua, Towa, for the year ending
Sept. 30, 1914.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
845 146,900 | 1,570 | 1,820
845 5,830 [ 1,570 | 1,740
845 5,570 | 1,420 | 1,420
910 5,060 | 1,340 | 1,050
980 5,060 | 1,340 980
980 5,060 | 1,420 | 1,490
1,190 5,060 | 1,420 | 1,260
1,260 5,570 [ 1,260 | 1,260
1,260 4,330 | 1,190 | 1,190
1,740 4,330 | 1,190 | 3,080
1,260 4,330 [ 1,120 | 4,570
1,120 3,860 | 1,190 | 3,630

1,120 4,330 | 1,050 | 3,080
1,120 4,090 | 1,050 | 2,880
1,260 3,630 | 980 | 12,000
1,650 3,410 | 980 | 21,200
1,650 3,630 | 980 | 25,900
1,420 3,520 | 845 | 28,700
1,340 2,980 | 845 | 27,400
1,340 2,570 | 1,050 | 27,400
1,260 2,470 | 980 | 14,800
1,190 2,280 | 980 | 10,400
1,120 2,280 | 845| 7,710
1,050 2,000 | 845 | 11,000
1,050 1,910 | 780 | 9,870
980 1,910 | 715| 7,710
1,050 1,740 | 780 | 5,

1,050 1,740 | 910 | 4,570
980 1,570 | 780 | 3,

980 1,570 | 780 | 3,410
845 ,570 | 715 ...

Note.—Daily discharge computed from a fairly well defined rating curve. Open-water rating curve
4] pltngo ?luiing December, 1913, nothing is known as to the effect of ice upon the discharge relation during
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Monthly discharge of Des Moines River at Keosaugqua, Towa for the year ending Sept. 30,

1914.

[Drainage area, 14,300 square miles.]

Discharge in second-feet. gung’ -
- epth in
Month. - Per %nes on ‘:‘:g;"
: oos ainage *
Maximum. | Minimum. | Mean, sglli.laére area).
1,740 845 1,150 0.080 0.09 | B.
845 650 732 .051 .06 | B.
1,120 845 976 .068 .08 | B.
3,080 1,120 1,670 117 .13 | .B.
11,500 1,490 3,790 .265 .31 | B.
10,400 2,47 5,750 . 402 .45 | A.
6,900 1,57 3,560 . 249 .29 | AL
1,570 1,060 .074 .09 | B.
28,700 8,370 .585 .65 | A.

DES PLAINES RIVER AT ROMEO, ILL.

Location.—InT. 36 N., R. 10 E. third principal meridian; at highway bridge about
three-fourths of a mlle west of Romeo, Will County, Ill.;
junction of Des Plaines River and the Chicago dramage canal.

Records available.—September 7 to 30, 1914.

Drainage area.—Not measured.

Gage.—Standard chain gage attached to downstream side of the second of four bridges

from Romeo; read daily, morning and afternoon, to quarter-tenths.

about 3 miles above the

Channel and control.—Four channels; rock bottom; control probably permanent.
Discharge measurements.—Made from downstream side of four bridges.
Point of zero flow.—A determination by leveling indicates that there would be

no flow past the gage if the river were to fall to about 0.9 foot by the gage.
Winter flow.—Ice may affect the discharge relation during parts of December,

January, and February.

Accuracy.—Gage readings reliable; on account of the comparatively large width of
the stream at the gage, it is not possible to make very accurate estimates of dis-

charge.

The following discharge measurement was made by Peterson and Kessler:

September 7, 1914: Gage height, 1.62 feet; discharge, 16 second-feet.

Daily gage Zm,ght in feet, of Des Plaines River at Romeo, Il., for the year ending Sept. 30,

1914.

[Fred Boehme, observer.]

Sept.

Day. Sept.

RESTS

P
R

97825°—wsP 385—15——15
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DES PLAINES RIVER AT JOLIET, ILL.,

Location.—At Cass Street Bridge, Joliet, Ill.

Records available.—September 5 to September 30, 1914.

Drainage area.—Not given because mean daily flow of approximately 7,500 second-
feet from the Chicago Drainage canal enters the river above station.

Gage.—Standard chain gage fastened to downstream handrail of Cass Street Bridge.
Read morning and evening to hali-tenths.

Channel and control.—Probably permanent; channel excavated in solid rock with
a concrete wall on either bank.

Discharge measurements.—Made from upstream side of bridge to which gage is
attached.

Floods.—No records available.

Winter flow.—On account of the swift current and the rapidly fluctuating stage, ice
probably does not form in sufficient amounts to affect the discharge relation.
Regulation.—The flow past the gageis largely regulated by the operation of the power

plant of the Sanitary District of Chicago at Lockport, which utilizes the flow of
the Chicago Drainage canal and, to a lesser extent, by the operation of the Economy
Light & Power Co.’s plant about 1,500 feet above the gaging station.
Diversions.—Water is diverted to the Illinois & Michigan canal at dam No. 1, about
1,500 feet above the gage.
Accuracy.—On account of the rapid hourly fluctuations of the stage, the daily
discharge obtained from two readings per day is liable to considerable error.

Discharge measurements of Des Plaines River at Joliet, Ill., during the year ending Sept.

30, 1914.
Date. ’ Made by— hG' . eh]?ui?g.e.
Feet. Sec.-ft.
Sept. 5| Peterson and Kessler........coieenniiiiiiiiiiiiiiiiiiiiiliiiiieeeieennse 5. 50 8,
N L 6.23 9,900

Discharge measurements of Illinots and Michigan canal@ at Jolwt I1l., during the year
ending Sept. 30, 1914.

G Dis-
Date. Made by— i 8 chai’ée.
Feet, Sec.-ft.
Sept. 5| Peterson and Kessler........c.coooiiiiiieieinniiiiiiiiieeeinreetanennns 8.08 381
7] BeJ. Peterson......euenieeenneieieieiereeeenecerereeecssesescescesannes 7.92 323

a See ““ Diversions” in station description.
b Referred to same datum as chain gage on Des Plaines River. See “Gage”’ in station description.

Daily gage height, in feet, of Des Plaines River at Joliet, Ill., for the year ending Sept. 30,
1914.

[J. S. Stanton, observer.]

Day. Sept. Day. Sept. Day. Sept.
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FOX RIVER AT SOUTH ELGIN, ILL.

Location.—In sec. 35, T. 41 N., R. 8 E., at highway bridge at South Elgin, Kane
County, I1L.

Records available.—July 29 to September 30, 1914. .

Drainage area.—Not measured. !

Gage.—Standard chain gage attached to bridge; read daily, morning and afternoon,
to quarter-tenths. .

Channel and control.—Rock bed; probably permanent; growth of grass below gage
may affect the discharge relation. ’

Discharge measurements.—Made from downstream side of bridge.

Winter flow.—Ice may affect discharge relation during parts of December, January,
and February.

Regulation.—A dam about 800 feet above the gage stores water for the Murray &
Nickell Manufacturing Co. and a feed mill. Several power plants farther upstream
regulate the flow and cause fluctuations in stage at the gage.

Accuracy.—Gagereadingsreliable; measurements good. Regulation ofstream affects
the mean daily gage height.

Data insufficient for estimating discharge.

Discharge measurements of Fox River at South Elgir’, Ill., during the year ending Sept. 30,

1914.
Date. Made by— ’ h(:iag%%. chle)xi'sg-e.
Feet. Sec.-ft.
July 29 | Peterson and ESpPinosa. .. .eceeecceaeeenaaieeiaietoeaiamaiaaenanaaanas 2.42 630
Sept. 8 | Peterson and Kessler. .......... P RRGSLALTLEIILEE Il 1.85 352

Daily gage height, in feet, of Fox River at South Elgin, Ill., for the year ending Sept. 30,
1914.

{C. H. Molitor, observer.]

Day. | July Aug Sept Day. July. | Aug. Sept. Day. | July. | Aug. | Sept.
1.84 1.42 2.06 1.65 1,48 1.90
2.02 1.45 175 1.60 1.41 2.01
2.06 1.52 1.65 1.62 1.39 1.79
2.10 1.54 1.41 1.64 1.52 1.82
1.82 1.55 L4 1.64 1.52 2.04
1.60 1.69 1.39 1.60 1.48 2.05
1.76 1.80 1,41 1.64 1.60 2. 04
1.82 1.72 1.54 1.68 1.56 2.00
1.52 1.68 1.42 1.65 1.51 2.00
1.64 1.65 1.36 1.74 i ig 1.99
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FOX RIVER AT AURORA, ILL.

Location.—In T. 38 N., R. 8 E., at the Elgin, Joilet & Eastern Ra,llway bridge in the
southern part of Aurora., Kane County, Ill.

Records available.—July 29 to September 30, 1914.

Drainage area.—Not measured.

Gage.—Standard chain gage attached to bndge, read daily, morning and afternoon,
to quarter-tenths.

Channel and control.—Probably permanent.

Discharge measurements.—Made from footwalk on downstream side of bridge.

Winter flow.—Ice may affect the discharge relation during parts of December,

January, and February.

Regulation.—A dam 14 miles above the section regulates the flow past the gage.

Accuracy.—Gage readings reliable; measurements good. Regulation of stream may
affect mean gage height as obtained from two readings per day.

Data insufficient for making estimates of discharge.

Discharge measurements of Fox River at Aurora, Ill., during the year ending Sept. 30, 1914.

. Gage Dis-
Date. Made by— height. | charge.
Feet. Sec.-ft.
Tuly 24 179 810
28 1.54 557
Sept. 4 | William Kessl .89 173

Daily gage height, in feet, of Fox River at Aurora, Ill., for the year ending Sept. 30, 1914.
[Ralph Williams, obsgrver.]

Day. | July. | Aug. | Sept. Day. | July. | Aug. [ Sept. Day. | July. | Aug. | Sept.
) D 1.32 138 1oeeifeeennnn. 1. 1.48 || 21...o. eeennnnn 1.12 1.88
S P 1.28 L35 | 12,000 feecnnnns 1.22 1.65 || 22cccefecnnnnan 1. 1.75
| PR P 1.38 3 B | T S, RS 1.21 1.39 | 23.cceei]ennnnnnn . 1.81
L SO 1.44 1.25 || 14occee fennnenns 1 146 || Aucieiifenennnn. ‘119 1.79
[: J 1.23 L4l || 15ccee]ennnnen. 1.14 151 | 25eeeensfivnnnnns 1.05 1.82
1.06 1.05 .75 1.54 1.26 1.81
1.25 1.05 .85 1.45 116 1.90
1.16 1.15 .67 1.35 1.28 2.04
.95 1.52 .88 1.44 1.26 1.85
1.21 1.44 1.26 1.66 } gg 1.81

VERMILION RIVER NEAR STREATOR, ILL.

Location.—In sec. 1, T. 30 N., R. 3 E. third principal meridian, at highway bridge
known as Bridge No. 3, about 1} miles south of Streator, La Salle County, Ill.;
about 100 feet below the Santa Fe Railroad bridge.

Records available.—July 27 to September 30, 1914.

Drainage area.—Not measured.

Gage.—Standard chain gage attached to highway bndge; read daily, morning and
afternoon, to quarter-tenths.

Channel and control.—Channel consists of gravel and rocks. Control consists of
coarse gravel.

Discharge measurements.—Made from downstrea.m side of bridge.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Data insufficient for estimating dlscharge



UPPER MISSISSIPPI RIVER DRAINAGE BASIN. 229

Discharge measurements of Vermilion River mear Streator, Ill., during the year ending
Sept. 80, 1914.

[Made by B. J. Peterson.]

Ga, Dis-
Date. heig%let. charge.

Feet. Sec.-ft.
B T 0.46 a0.2
JULY 2T, e .50 5.8

@ Measurement made by wading at downstream side of bridge; measurement not good because of low
velocity and strong upstream wind. :
b Measurement made by wading at a section about one-half mile downstream.

Daily gage height, in feet, of Vermilion River near Streator, Ill., for the year ending Sept.

30, 1914.
[George Gall and Michael Cipala, observers.]

Day. | July. | Aug. | Sept. Day. | T uiy. Aug. | Sept. Day. | July. | Aug. | Sept.

1 0.50 0.52 | 0.48 0.52

2.. 48 .52 .50 .56

3. 49 .52 .60 .52

4.. 50 .52 .50 .52

5.. 46 1.08 50 52

6. 45 .64 .50 .52

7. .45 .52 .50 .52

8. .48 .52 .58 .52

9... .48 .52 .50 .52
10... .48 .52 gg .52

SPOON RIVER AT SEVILLE, ILL.

Location.—In sec. 24, T. 6 N., R. 1 E. fourth principal meridian, at the Toledo,
Peoria & Western Railway bridge at Seville, Fulton County, Ill.; about a quarter
of a mile east of the railway station at Seville.

Records available.—July 24 to September 30, 1914.

Drainage area.—1,600 squaré miles.

Gage.—Standard chain gage attached to bridge; read daily, in the morning, to
quarter-tenths.

Channel and control.—Control is a loose-rock dam, about 2 miles downstream
from gage, used to create a reservoir for the pumping station of the Toledo, Peoria
& Western Railway.

Discharge measurements.—Made from downstream side of bridge. Wading
measurements made at wading section below the dam at the railroad station.
Winter flow.—Ice may affect discharge relation during parts of December, January,

and February.

Diversions.—Water pumped from reservoir at the pumping station of the Toledo,
Peoria & Western Railway; amount not known.

Accuracy.—Gage readings reliable.

The following discharge measurement was made by B. J. Peterson by wading:
July 24, 1914: Gage height, 1.53 feet; discharge, 7 second-feet.
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Daily gage height, in feet, of Spoon River at Seville, Ill., for the year ending Sept. 30, 1914.
[Joe Reynolds and Ray Hooper, observers.]

LLETE FILER

Day. | July. | Aug. | Sept. Day. | July. | Aug. | Sept. Day. | July | Aug. | Sept.
1.40 1.40 1.48 3.
1.40 1.90 1.40 3.
1.50 2.30 1. 40 2.
1.45 2.40 1.40 2.
[ TR 1.45 2.85 1.40 2.
[ 1.45 4.40 1.40 2.
(S 1.40 9.82 1.35 2.
S I 1.40 4.80 1.35 2.
L S P 1.40 4,08 1.35 2.
) (1 1.40 5.30 1. 40 2.

1,40 f...oe.on

SANGAMON RIVER AT MONTICELLO, .ILL.

Location.—In the northeastern part of T. 18 N., R. 5 E. third principal meridian,
at the Illinois Central Railroad bridge about half a mile west of Monticello, Piatt
County, Il

Records available.—February 4, 1908, to October 1, 1912; October 31 to December
31, 1912; June 23 to September 30, 1914.

Drainage area.—550 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the morning, June 23
to August 1, 1914, to hundredths; and August 3 to September 30, 1914, to half-
tenths.

Channel and control.—Measuring section is at a pool; measurements prior to 1912
indicated that control was permanent; measurements of July 30, 1912, and August
4, 1914, indicate a slight change in discharge relation.

Discharge measurements.—Made from downstream side of bridge and wooden
trestle approach. '

Floods.—The flood of May, 1908, reached a height of 15.2 feet on the gage.

Point of zero flow.—Determined by soundings August 4, 1914, to be at gage height
1.4 feet.

Winter flow.—Ice usually affects the discharge relation during parts of December,
January, and February.

Accuracy.—Gage-height record reliable.

Data insufficient for estimating discharge.
The following discharge measurement was made by Peterson and Kessler by wading
at a section about 300 feet below gage:
August 4, 1914: Gage height, 1.66 feet; discharge, 3.2 second-feet.
Daily gage height, in feet, of Sangamon River at Monticello, I1l., for the year ending Sept.
30, 191 '
[Martin Doyle and David Cody, observers.]

Day. June. | July. | Aug. Sept. Day. June. | July. | Aug. | Sept.
1.8 [ 16.ceccieeeieefoninneadenncii]enaansn 1.8
1.85 1.6 1.8
1.8 1.6 1.75
1.8 1.6 1.7
1.8 1.6 J.eoeo...

......... 2.1 1.65
2.0 1.8 1.6
2.3 [|23..ciiinnnean] 2,40 LT70}........ 1.6
2.2 1.8 1.6
2.2 19 1.6
2.1 1.8 1.6
1.95 L7 ...

......... 1.7 1.6
1.8 1.8 1.6
1.8 1180...cceeenecne.] 221 1601........ 1.6

L8 |.......n
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SANGAMON RIVER AT REVERTON, ILL.

Location.—In the southeast corner of the SW. 4 sec. 9, T. 16 N., R. 4 W. third prin-
cipal meridian, at Wabash Railroad bridge about a quarter of a mile west of River-
ton, Sangamon County, I11., and about 24 miles below the mouth of South Fork.

Records available.—February 13, 1908, to December 31, 1912; August 7 to Sep-
tember 30, 1914.

Drainage area.—2,560 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the morning, to tenths.

Channel and control.—Measuring section is at a pool and is slightly shifting;
discharge measurements indicate that control is permanent.

Discharge measurements.—Made from downstream side of three-span bridge.

Floods.—The high water of 1883 reached a height of approximately 32 feet on the
present gage; that of 1875 is said to have been one-half foot lower. The high
water of October, 1911, reached a height of 27.1 feet.

Point of zero flow.—Determined by leveling, August 5, 1914, to be at gage height
6.6 feet.

Winter flow.—Ice may affect the discharge relation during short periods of extremely
cold weather.

The following discharge measurement was made by Peterson and Kessler by wading
at a section about one-fourth mile below gage:
August 5, 1914: Gage height, 7.38 feet; discharge, 27.2 second-feet.

Daily gage height, in feet, of Sangamon River at Riverton, IlL., for the year ending Sept. 30,

1914.
[J. H. Steele, observer.]

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept
7.6 7.3 8.0 7.4 7.5
7.6 7.3 8.0 7.4 7.5
8.0 7.2 7.8 7.4 7.5
8.2 7.4 7.6 7.4 7.4
8.2 7.35 7.5 7.35 7.4
8.0 7.3 7.4 7.3 7.2
8.6 7.3 7.4 7.3 7.1
9.1 7.3 7.4 7.3 7.0
8.6 7.5 7.5 7.5 7.0
8.0 7.5 7.5 ; 2 7.0
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SANGAMON RIVER NEAR OAKFORD, ILL.

Location.—In sec. 6, T.19 N., R. 7 W. third principal meridian, at highway bridge
3 miles northeast of Oakford, Menard County, I11., 24 miles above the Chicago,
Peoria & St. Louis Railway bridge, and 1} miles above the mouth of Crane Creek.

Records available.—October 26, 1909, to June 30, 1911; December 10, 1911, to
March 31, 1912; August 25 to September 30, 1914.

Drainage area.—5,000 square miles,

Gage.—Standard chain gage attached to bridge; read daily, in the mormng, to tenths,

.The sea-level elevation of the zero of the gage is 468.80 feet.

Channel and control.—Probably shifting; the river for some distance above and
below the station has been dredged and straightened, thus increasing the slope
considerably and disturbing the regimen of the river. Conditions along the
improved section are probably reverting to their former state. Measurements to
date indicate little if any change in the discharge relation.

Discharge measurements.—Made from downstream side of bridge and wooden
trestle approaches.

Floods.—The floods of February and Ma,rch, 1907, May, 1908, and October, 1911,
reached a height of about 21 feet by the present gage.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—Backwater caused by ice jams or drift lodging at the railroad bridge 2%
miles below the gaging station may at times affect the discharge relation.

- The following discharge measurement was made by Peterson and Kessler:
August 6, 1914: Gage height, 1.07 feet; discharge, 154 second-feet.

Daily gage height, in feet, of Sangamon River mear Oakford Ill., for the year ending
Sept. 30, 1914.

[J . M. Weaver, observer.]

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

SOUTH FORK OF SANGAMON RIVER NEAR TAYLORVILLE, ILL.

Location.—Insec: 8, T.12N., R. 2 W., at the Wabash Railroad bridge about 3} miles
southwest of Taylorville, Christian County, 111.; about one-fourth mile upstream
from the highway bridge known as the Half Acre Bridge.

Records available.—February 11, 1908, to September 30, 1912; November 1 to
December 31, 1912; August 8 to September 30, 1914.

Drainage area.—427 square miles.
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Gage.—Standard chain gage attached to bridge; read daily, in the morning, to
hundredths. On September 2, 1909, the gage datum was lowered 2 feet. The
gage heights to August 10, 1909, refer to the old datum; those from August 11 to
September 1, 1909, are of no value because of backwater from a construction dam
‘built and used during that period. Gage heights from September 2, 1909, to
December 31, 1912, refer to new datum. On August 8, 1914, the datum was
changed by an unknown amount, all bench marks being destroyed during con-
struction of a new concrete and steel-plate girder bridge. Gage heights from
August 8 to September 30, 1914, refer to the datum used on August 8 in-reestab-
lishing the gage.

Channel and control.—-In August, 1909, a drainage ditch was dug along the river
in the vicinity of the station, which straightened the course of the stream but
coincided with the original chanpel at the gagihg section. Though the cross-
section of the channel at the measuring section 'was not changed the discharge
relation was considerably affected by the change in slope. Subsequent to 1912
a new bridge was built, and since then the discharge relation has again changed.
The channel is probably permanent; section is in a pool; point of control about
three-quarters of a mile downstream from gage; control section probably shifte
slightly during floods.

Discharge measurements.—Made from downstream side of bridge.

Floods.—Maximum gage height since establishment of gage, 15.9 feet, occurred in
September, 1911. No authentic record of floods prior to the establishment of the
station is available.

Point of zero flow.—A determination by soundings August 8, 1914, indicates that
there would be no flow past the gage if the river were to fall to 0.35 foot=-0.1 foot
by the present gage.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—(Qage-height record reliable.

Data insufficient for estimating discharge.

Discharge measurements of South Fork of Sangamon River near Taylorville, I1l., during
the year ending Sept. 30, 1914.

Gage Dis-
Date. Made by— height. | charge.

Feet. Sec.-ft.
Aug. 8 | Peterson and Kessler. ... ..o it iaaiaaaas 0. 55 0. 66
Sept. 21 | William Kessler. .. ... .ottt .64 2.75

Note.—Measurements made by wading about one-half mile below gage.

Daily gage height, in feet, of South Fork of Sangamon River near Taylorville, Ill., for the
year ending Sept. 30, 1914.

[Louis Seelbach, observer.]

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

1.
1.
.52 1.
1.
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KASKASKIA RIVER AT SHELBYVILLE, ILL.

.Location.-—Betweensecs. 8 and 17, T.11 N., R.4 E. third principal meridian, at high-
way bridge at the eastern edge of Shelbyville, Shelby County, Ill., a short distance
above the Chicago & Eastern Illinois and Big Four Railroad bridges.

Records available.—February 25, 1908, to September 30, 1912; November 1 to

. December 31, 1912; August 11 to September 30, 1914.

Drainage area.—1,030 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the afternoon, to
tenths.

Channel and control.—Measuring sectionata pool; bed shifts. Discharge measure-
ments indicates that control is permanent.

Discharge measurements.—Made from downstream side of bridge.

Floods.—Maximum gage height, 25.8 feet, since establishment of gage, occurred in
May, 1908. No available records of floods prior to installation of gage.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—During high water the discharge relation is likely to be affected by back-
water caused by drift lodging at the two railroad bridges below the gaging station.

Discharge measurements of Kaskaskia River at Shelbyville, Ill., during the year ending
Sept. 80, 1914.

Date. Made by— hf'ig e ch’gir';e. .
Feet. Sec.-ft.
Aug. 10 | B.J. Peterson...c.ceuemet i iiiieeeiceeieeeeeeaaaaaaa 4,81 0.6
Sept. 22 | William Kessler........ouienimuiie i ieeaeaaas 4.95 2.8

NoTe.—Measurements made by wading at a section about 300 feet above the gage.

Daily gage height, in feet, of Kaskaskia River at Shelbyville, Ill., for the year ending Sept:

)

[Homer Pound, observer.]

Day. Aug. | Sept Day. Aug. | Sept. Day. Aug Sept.
5.3 5.4 5.3 4.8 4.9
5.3 5.3 5.2 4.8 4.9
5.3 5.2 5.2 4.8 4.8
5.3 5.1 5.2 4.8 4.8
5.5 5.0 5.1 4.8 4.8
7.9 4.9 5.1 4.8 4.8
7.0 4.9 5.1 4.9 4.8
5.7 4.9 5.0 5.4 4.8
5.5 4.8 5.0 5.4 4.8
5.4 4.8 5.0 5.4 4.8

5.4 4.8
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KASKASKIA RIVER AT VANDALIA, ILL.

Location.—Insec. 16, T. 6 N., R. 1 E. third principal meridian, at highway bridge
at the east end of Main Street, Vandalia, Fayette County, I11.

Records available.—February 26, 1908, to October 4, 1912; November 1 to Decem-
ber 31, 1912; August 11 to September 30, 1914,

Drainage area.—1,980 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the afternoon, to
tenths.

Channel and control.—Measuring section is at a pool; bed is somewhat shifting;
control probably permanent.

Discharge measurements.—Made from downstream side of bridge.

Floods.—The flood of May, 1908, reached a height of 21.2 feet on the gage; the flood
of 1882 was about 22 feet, and that of 1875 about 22.8 feet. The river is leveed
along the left bank for some miles above and below the station. Itissaid thatthe
levees, by confining the floods, cause unnatural flood heights along the right
bank, and lawsuits to recover damages have resulted. During extreme floods
the levees sometimes give way and so reduce the flood height; this occurred
during the floods of May, 1908, and October, 1911, when flood water for several
days passed around the gaging station. Former statements that all the flood
water eventually passed the gaging station are in error.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—Gage-height record is reliable.

Discharge measurements of Kaskaskia River at Vandalia, Ill., during the year ending Sept.

30, 1914.
Date. Made by— hSrig e chlgisg’e.
' Feet. Sec.-ft.
Aug. 11 | Peterson and Kessler. . ...ueuerereaesratoioatoecascacacnsccsnacasacacacns 0.78 a24.0
Sept. 23 | William Kessler. .. ....ceuieenet ittt iiiiaieieeeeersencananannnen 1.14 b55.5

a Measurement made by wading at a section about one-fourth mile below gage.
b Measurement made by wading at a section about 500 feet above gage.

Daily gage height, in feet, of Kaskaskia River at Vandalia, Ill., for the year ending Sept. 30,

1914.
[Wilson Haley, observer.]
Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept.

1.. 0.78 4.09 1.15 1.21
2.. .38 3.92 1. 45 1.18
3.. 2.32 2.32 1.15 1.08
4 1.52 2.22 .95 1.08
5 1.25 1.81 1.05 .98
6.. 1.28 1.78 3.72 .92
7.. 1.15 1.68 2.35 .88
8.. .95 1.58 1.73 .8
9 .82 1.01 1.50 .80
10 .82 1.28 1.23 .78
1.28 |........
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KASKASKIA RIVER AT CARLYLE, ILL.

Location.—In sec. 19, T. 2 N., R. 2 W. third principal meridian, at the Baltimore &
Ohir Southwestern Railroad bridge about one-fourth mile east of Carlyle, Clinton
County, I11.

Records available.—March 2, 1908, to September 30, 1912; November 1 to Decem-
ber 31, 1912; August 8 to September 30, 1914.

Drainage area.—2,680 square miles.

Gage.—Standard chain gage attached to upstream side of bridge; read daily, in
the morning, to quarter-tenths, .

Channel and control.—Probably shifting. Measurements during 1912 and 1914
indicate a change in the discharge relation. Main channel is broken by three
bridge piers and flood channel by four additional piers.

Discharge measurements.—Made from downstream side of bridge.

Floods.—The flood of 1882, which is the highest known, is said to have attained a
height 1} feet above the flood of 1908, or about 32.5 feet on the present gage.
Point of zero flow.—Determination by soundings on August 13, 1914, indicates
that there would be no flow past the gage if theriver were to fall to 3.7 feet+0.3

foot, referred to gage datum.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Regulation.—None. See ‘‘ Diversions.”

Diversions.—A dam 3} feet high, about 700 feet above the gaging section, is used to
store water for the city of Carlyle. The average amount pumped is about 3,500,000
gallons every 30 days, and during June, July, and August about 4,500,000 gallons
every 30 days. The outfalls of one section of the city sewerage system and some
private sewers are above the section, so that the diversion is negligible.

Accuracy.—Not affected by diversion; gage readings reliable.

Data insufficient for estimates of discharge.
The stream never goes dry dunng low water; the hardness of the water mdxcatee
that the flow is kept up by springs.

Discharge measurements of Kaskaskia River at Carlyle, Ill., during the year ending Sept.

b

Y Serfs - Gage Dis-
Date. Made by—** height. | charge.

Feet. Sec.-ft.
Aug. 13 | Peterson and Kessler. . .......ouueeeeiraeeeeaeeaeaeaataacaenanaananaaaannn © 5.58 75
Sept. 24 | Williarm KeSSIer. . . ..ottt at et ca e et aaaeaeeaeaaas 5.71 106

Note.—Measurements made by wading at a section about 1,000 feet below gage.
Daily gage height, in feet, of Kaskaskia River at Carlyle, Ill., for the year ending Sept. 30,
v 1914.

[A.J. Marcham, observer.] ,

w0
3

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

ononenen nenongnon
TEIGR BIABL
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KASKASKIA RIVER AT NEW ATHENS, ILL.

Location.—In the W. 4 NE. } sec. 28, T. 2 8., R. 7 W. third principal meridian, at
the Illinois Central Railroad bridge, about 600 feet north of the railroad station
at New Athens, St. Clair County, Ill., about 1 mile below the mouth of Silver
Creek and 3 miles above the mouth of LLvely Creek.

Records available.—January 23, 1907, to September 30, 1912; October 30 to Decem-
ber 31, 1912; June 22 to September 30, 1914. A record of river heights from
January 23, 1907, to October 28, 1909, was kept by C. J. von Roth Roffy, the
present observer, for the New Athens Journal. The river height was taken on
Wednesday and Thursday mornings of each week, that for Thursday being pub-
lished Friday with the change in 24 hours as obtained from the river height of
Wednesday. Thisrecord was kept up for the information of farmers living on the
west side of the river, who were cut off from reaching town when the river reached
aheight of 30 feet. Therecordisauthentic. Thegageheightshavebeen reduced
to the present datum, the maximum error probably not being over 0.4 foot and
decreasing as the stage increases.

Drainage area.—5,220 square miles.

Gage.—Standard chain gage attached to the bridge, installed November 1, 1909;
read daily, in the morning, to hundredths.

Channel and control.—Probably permanent.

Discharge measurements.—Made from downstream lower chord of bridge and
from concrete trestle approach. A new concrete approach on right side was in
process of construction during August and September, 1914.

Floods.—The flood of the fall of 1898 reached a height of about 34.5 feet, referred to
the present gage datum.

Winter flow.—The discharge relation may be slightly affected by ice during parts
of December, January, and February. .

Accuracy.—Gage-height record reliable. Discharge relation is affected by back-
water from Mississippi River when the stage at Chester reaches a gage height of
approximately 20 feet. Published estimates of discharge for the following periods
may be considerably in error, depending on how much backwater conditions dif-
fered from those during which discharge measurements were made from which
the rating curve was derived, and depending on the exact stage at Chester at
which backwater effect will be produced at New Athens: 1907, January 21-28;
June 14-18; July 19 to August 3. 1908, May 17 to July 23. 1909, March 20;
April 21 to May 1; May 11-17; June 12 to July 27. 1910, May 10-13; June 12-15.
1912 March 22 to May 11; June 19-22.

chharge measuremnts of Kaslcaskw River at New Athens, Ill., during the year ending
Sept. 30, 1914.

Gage Dis-
Date. Made by— height. | charge.
Feet. Sec.ft.
Aug. 15 | Peterson and Kessler. .......cccueuiieiiieieacecsaccacenaccessancancnnns 2.37 133
Sept. 26 | William Kessler. . ...cooeeneemie i iiiiiieieeaeeeaneeeaacaeaaaanaaas 2.94 228

NortE.—Measurements made by wading at a section under the bridge to which the gage is attached.
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Daily gage height, in feet, of Kaskaskia River ‘at New Athens, Ill., for the year ending
Sept. 80, 1914.

[C. J. von Roth Roffy, observer.]

Day. June. | July. | Aug. | Sept. Day. June. | July. | Aug. | Sept.
2.78 2.23 4.50 2.38 |.een.... 7.90
2.73 2.23 4.15 2.38 |cecen... 7.02
2.68 2.21 4.20 2.33 2.80 6.75
2.68 2.18 4.62 2.28 2.75 5.82
2.63 2.18 4.62 2.26 2.60 4.82
2.68 2.13 6.90 2.26 2.52 4.38
2.68 2.11 7.20 .83 2.26 2.45 4.08
2.58 2.11 8.70 .53 2.26 2.42 3.50
2.58 2.10 9.15 .28 2.23 2.75 3.20
2.58 2.08 12.12 .98 2.28 2.60 3.05
2.56 | 2.96 12.98 3.98 2.38 6.4Q 2.92
2.60 2.48 11.20 3.93 2.36 4.85 2.8
2.53 2.38 8.42 3.63 2.32 5.8 2.80
2.48 2.68 6.40 3.23 2.28 7.55 2.75
2.38 2.40 5.80 2.93 2.23 6.58 2.65

......... 2.23 5.25 |........

SHOAL CREEK NEAR BREESE, ILL.

Location.—In the southwest corner of the NW. 1 sec. 24, T. 2 N., R. 4 W. third prin-
cipal meridian, at the Baltimore & Ohio Southwestern Railroad bridge about 13}
miles east of Breese, Clinton County, Ill.; about 3 miles above the mouth of
Beaver Creek.

Records available.—November 5, 1909, to September 30, 1912; October 30 to
December 31, 1912; August 14 to September 30, 1914.

Drainage area.—760 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the afternoon, to hali-
tenths.

Channel and control.—Practically permanent; channel rough, as rock has been
placed in bed of stream, under bridge, to prevent scour.

Discharge measurements.—Made from upstream side of bridge; during floods
made also from downstream side of wooden trestle over overflow channel. There
is a good wading section just above the bridge. .

Floods.—The maximum gage height since establishment of gage, 19.6 feet, occurred
in October, 1911. No available records of floods prior to installation of gage.

Point of zero flow.—A determination by leveling on August 13, 1914, indicates
that there would be no flow past the gage if the river were to fall to about 0.4 foot
=+0.1 foot by the gage.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February. .

Diversions.—The intake pipe of the Breese municipal pumping system is about one-
fourth mile above the section, but the quantity of water diverted is negligible.

Accuracy.—Gage readings reliable.

Stream is said to be fed by springs and has never been known to go dry at station.
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Discharge measurements of Shoal Creek near Breese, Ill., during the year ending Sept. 30,
1914.

Date. Made by— okl | charse.
Feet. Sec.-ft.
Aug. 13 | Peterson and Kessler. .. ....o.ouoemmeneee e e e ceeeceeeaeaeceaaaanas 0.89 10.7
Sept. 24 | William Kessler .90 25.4

Note.—Measurements made by wading at sections immediately below the bridge; measuring sections
poor because of rough bed and irregular velocity.

Daily gage height, in feet, of Shoal Creek near Breese, Ill., for the year ending Sept. 30,
1914.

[John Nordman, observer.]

Day. Aug. | Sept. Day.
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SILVER CREEK NEAR LEBANON, ILL.

Location.—In the northwest corner of sec. 5, T. 2 N., R. 7 W. third principal
meridian at highway bridge at Wrights Crossmg, about 2 miles west of Lebanon,
St. Clair County, I1l.

Records available.—March 3, 1908, to September 30, 1912; November 3 to Decem-
ber 31, 1912; August 14 to September 30, 1914.

Drainage area.—335 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in the morning, to
quarter-tenths.

Channel and control.—Probably permanent.

Discharge measurements.—Made from downstream side of bridge and small ap-
proach spans; and also at high stages from downstream side of three steel viaducts
on road west of bridge.

Floods.—The maximum stage since establishment of gage, 15.9 feet, occurred in
May, 1908. No available records of floods prior to the establishment of the station.

Point of zero flow.—A determination by leveling, August 14, 1914, indicates that
there would be no flow past the gage if the river stage were to fall to 0.4 foot0.1
foot referred to the gage datum. -

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—From March 3, 1908, to May 10, 1909, the gage was so situated that 2 feet
was the lowest obtainable readmg, and the gage reader noted that the stream was
dry whenever the water surface was below 2 feet. On inquiry he stated that the
stream was dry for only one week during 1908; therefore, where the gage heights
have been marked ‘“Dry”’ during this period the note was inserted, ‘‘Dry under
gage; can not obtain gage height of water surface.”” The position of the gage was
changed on May 10, 1909, so as to obviate this difficulty.
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Discharge measurements of Silver Creek near Lebanon, Ill., during the year ending Sept.

0, 1914.
' ) Gage Dis-
Date. Made by— height. | charge.
Feet. Sec -ft
Aug. 14 | Peterson and Kessler. ... ..oooueenieie i ot iaeiaaeiaeaaeaeenaaennns 0.55
Sept. 25 | William Kessler. ... ..ooeo ittt 1.31 M 20 .

uVelocity determined by use of floats.
b Measurement made by wading about 1,000 feet below the gage.

Daily gage height, in feet, of Silver Creek mear Lebanon, Ill., for the year ending Sept. 80,
1914.

[W. D. McKoin, observer.]

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept.
........ 3.18 1.90
........ 4.25 1.85

......... 3.00 1.63
0.58 2.30 1.40

.55 3.55 1.32

1.20 5.50 1.30
1.18 6.75 1.25
1.00 4.00 1.12

.88 2.88 1.00

.85 2 28 .92

BIG MUDDY RIVER AT PLUMFIELD, ILL.

Location.—In the west half of sec. 20, T. 7 S., R. 2 E., at highway bridge at Plumfield, -
Franklin County, I11., and about 6 miles west of West Frankfort, I1l.; about 1}
miles below the mouth of Middle Fork, and about 2 miles downstream from sta-
tion formerly maintained at the Chicago, Burlington & Quincy Railroad bridge.

Records available.—August 18 to September 30, 1914. June 16, 1908, to Septem-
ber 30, 1912, and November 1 to December 31, 1912, maintained at the Chicago,
Burlington & Quincy Railroad.

Drainage area.—Not measured.

Gage.—Standard chain gage attached to bridge; read daily, morning and afternoon,
to quarter-tenths.

Channel and control.—Probably permanent; control section is about one-fourth
mile below the gage.

Discharge measurements.—Made from downstream side of bridge and steel
approach, and in high water also made from downstream side of two culverts
under road on right side; at extreme high stages the lowland between the bridge:
and the culverts is covered with water.

Floods.—No record.

Point of zero flow.—A determination by levelmg August 18, 1914, indicates that:
there would be no flow past the gage if the river were to fa,ll to about 0.6 foot.
=0.05 foot by the gage.

Winter flow.—Ice may affect the discharge relation during parts of December,
January, and February.

Accuracy.—Gage-height record reliable.

Data insufficient for estimates of discharge.
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Discharge measurements of Big Muddy River at Plumfield, Ill., during the year ending
Sept. 80, 1914.

G Dis-
Date. Made by— heizﬁt. charge.
Feet. Sec.-ft.
Aug. 19 | Peterson and Kessler. .o..c.ceeeeeiieeaneraceeieaeceaacccavenseanccecancs 0.37 /0.0
Bept. 28 | William Kesslor. cooeueeeeeiieeeieiaieaieeeeeneeaecnnaecannnaseeennaanes 2.01 38.3

Daily gage height, in feet, of Big Muddy River at Plumfield, Ill., for the year ending Sept.
0,

0, 1914
[Louis Robertson, observer.]
Day. Aug. Sept. Day. Aug. | Sept. ’ Day. Aug. | Sept.
>

5.38 10.34 2.08
3.78 8.78 1.76
2.78 5.78 1.65
2.20 3.60 1.68
1.8 2.68 1.48
1.90 2.28 1.76
3.20 1.95 2.20
6.61 1.84 2.01
9.18 2.38 1.73
10.25 2.52 1.50

BEAUCOUP CREEK NEAR PINCENEYVILLE, ILL.

Location.—In sec. 30, T. 5 8., R. 2 E. third principal meridian; at Illinois Central
Railroad bridge about 1} miles east of Pinckneyville, Perry County, Ill., about
10 miles above the mouth of Galum Creek. ’

Records available.—June 17, 1908, to September 30, 1912; November 30 to Decem-
ber 31, 1912; August 24 to September 30, 1914. The gage readings for 1908 were
taken whenever the observer happened to be in the vicinity of the gage. Except
for a few days fairly accurate results will probably be obtained if the missing
gage heights are interpolated.

Drainage area.—227 square miles.

Gage.—Standard chain gage attached to bridge; read daily, in - the mmmming, to
hundredths.

Channel and control.—Practically permanent except at low stages. The creek
goes dry at times, the water then standing in pools near the gage.

Discharge measurements.—Made from downstream side of wooden trestle; low-
water measurements made at wading section about 1,000 feet below gage. :

Floods.—The flood of 1902 reached a height of about 27.5 feet, referred to the present
gage.

Point of zero flow.—A determination by leveling, August 17, 1914, indicates that
there would be no flow past the gage if the river were to fall to about 1.8 feet=-0.1
foot by the gage.

‘Winter flow.—Discharge relation may be affected by ice during parts of December,
January, and February.

Accuracy.—Gage readings erroneous at times,

97825°—wsp 385—15——16
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Discharge measurements of Beaucoup Creek mnear Pinckneyville, Ill., during the year
ending Sept. S0, 1914.

Date. Made by— nogs. | charge.
Feet. Sec.ft.

Aug. 17 | Peterson and Kessler. ... 1.50 0.
Sept. 26 | William Kessler ———- 2.71 17

a Measurement made by wading at a section about 1,000 feet below gage.

Daily gage height, in feet, of Beaucoup Creek near Pinckneyville, Ill., for the year
ending Sept. 30, 1914.

[R. C. Huggins, observer.]

Day. June. | July. | Aug. | Sept. Day. | June. | July. | Aug. | Sept.
1.84 1.62 4,80 173 |........ 5.4
1.84 1.62 2.45 1.73 1.60 4,7
179 1.61 2. 50 1.74 1.55 3.2
1.81 1.61 2. 52 1.73 1.58 2.5
1.82 1.59 2,54 1.72 1.58 |.ceeeene
1.82 1.58 10.10 1.72 1.60 2.4
1.80 1. 56 12.20 1.71 2.01 2.4
1.80 1.54 16. 90 1.69 2.00 2.2
1.80 |........ 16, 85 1.69 2.00 |........
1.79 1.53 12,06 1.68 2.01 2.9
1.78 1.51 4.1 1.67 3.70 2.9
1.78 1.49 3.6 1.66 3.74 2.6
1.78 1.49 |........ 1.65| 14,01 2.5
1.74 1.49 2.7 1.65| 19.10 2.4
1.74 | 1.54 2.6 }342 16.80 2.3

'

MISCELLANEOUS MEASUREMENTS.

Miscellaneous measurements in Hudson Bay drainage basin during the year ending Sept.
- 80, 1914

[By J. B. Stewart.]

Date. Stream. Tributary to— Locality. 1ors®. | chama.
Feet. | Secft.
Aug. 13 | Big Fork River....... Rainy River......cce..... Big Falls, Minn......... 3.65 448

" Miscellaneous measurements in upper Mississippi River drainage basin during the year
ending Sept. 30, 1914.

[By 8. B. Soulé, J. B. Stewart, and R. H. Bolster.]

Date. Stream. Tributary to— Locality. Doteh, | charge.
= : B ’ 1 Feet. | Sec.
Oct. 17 | Lizard Creek.......... Des Moines River......... Fort D B (1) VO A, .0.{.‘ 6
May 20 | Elk Creek.... .| Turkey River
20 | Volga River.. PR S do....iaannn
8ept. 18 | Des Moines............ Mississippi River
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Miscellaneous measurements in Wisconsin River drainage bastn during the year ending

Sept. 30, 1914.

'[By W. G. Hoyt, G. H. Canfield, and O. A. Steller.)

. Gage | Dis-
Date. Stream. Tributary to— Locality. height. | charge.
Feet. | Sec.-ft.
May 22 | Wisconsin River...... Mississippi River H%hwaybrid e, Grand | a2.23 | 4,060
Jan. 7| Big Eau Pleine River.| Wisconsin River . nghwaybndge,Zmﬂes ________ 9
west of Dancy, Wis.
Feb. 7]..... [ 1, S I [ 1+ PRI N« (+ PR AR, 45
Aug. 20 | Mill Creek............]..... L Immédiately below |........ 44
power house and dam
of city of Muscoda,
Wis., sec. 26, T.9 N.,
R.1W.

& U, 8. Weather Bureau staff gage at Grand Rapids, Mich,
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STREAM-GAGING STATIONS AND PUBLICATIONS
RELATING TO WATER RESOURCES, 1885-1914.

INTRODUCTION.

Investigation of water resources by the United States Geological
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, and annual reports.

The results of stream-flow measurements are now published
annually in 12 parts, each par¢ covering an area whose boundaries
coincide with natural drainage ﬂeatures as indicated below:

“Part I. North Atlantic basins. |

II. South-Atlantic and eastern Gupf of Mexico basins.
III. Ohio River basin. |
IV. St. Lawrence River basin. | ‘
V. Upper Mississippi River and Hudson Bay basins.
VI. Missouri River basin.
VII. Lower Mississippi River basm \
VIII. Western Gulf of Mexico basins
IX. Colorado River basin.
X. Great Basin.
XI. Pacific basins in California.
XII. North Pacific basins (published in three volumes).

HOW GOVERNMENT REPORTS MAY BE OBTAINED OR CONSULTED.

Water-supply papers and other p’ublications of the United States
Geological Survey containing data in regard to the water resources
of the United States may be obt#med or consulted as indicated below.

1. Copies may be obtained free of charge by applying to the Direc-
tor 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 Superintend-
ent 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.
m
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4. Complete sets are available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

Albany, N. Y., Room 18, Federal Building.
-Atlanta, Ga., Post Office Building.

Boston, Mass., Custom House.

St. Paul, Minn,, Old Capital Building.
Madison, Wis., Capital Building,

Helena, Mont., Montana National Bank Building.
Denver, Colo., 403 New Post Office Building,
Salt Lake City, Utah, Federal Building.
Boise, Idaho, 615 Idaho Building.

Phoenix, Ariz., 417 Fleming Building.
Austin, Tex., Old Post Office Building.
Portland, Oreg., 416 Couch Building.
Tacoma, Wash., Federal Building.

San Francisco, Cal., 505 Customhouse.

Los Angeles, Cal., Federal Building.
Honolulu, Hawaii, Kapiolani Building.

A list of the Geological Survey’s publications may be obtained by
applying to the Director of the United States Geological Survey,

Washington, D.

C.

STREAM-FLOW REPORTS.

Stream-ﬁovtf records have been obtained at more than 3,400 points
in the United States, and the data obtained have been pubhshed in
the reports tabulated below:

Stream-flow data in reports of the United States Geological Smey.
[A=Annual Report; B=Bulletin; W8==Water-Supply Papect]

Report. Character of data. Year.
10th A, pt 2t ﬂﬁ)tive Information Only . ...ccoeeieeiarecnanoarinannnn )
11th A Pt2cecnenan.. Mon! e and doscriptlvo information. ................. lsgaimto Sept.,
12th A, pt.2...cciii]eenes L N 1884 tlo June 30,
13th A, pt. 3. ..unn..e. Mean discharge in second-feet. .....oc.ereeencienannniicanaaanns 188 & Dec. 31,
Hth A, pt.2.. ...| Monthly discharge (long-time records, 1871 t0 1883)..............| 1% Dee. 31,
................. Descriptions measurements, gage heights, and ratings...........| 1893 and 1894.
loth A, pt. o Dmigtiveinfotmaﬁon nl gag ................................
.................. Descriptions, measurements gage heights, ratings, andmonthly 1895.
. dis o (alse many dat ta covering earlier
WS 11 .| Gageh ts (also gage heights for earlier yeus) ................. 3
18th A, pt. 4........... Descriptions, measurements, ratings, and monthly discharge 1895 and 1896,
(also similar data for some earlier years).
WB15. iccieeenannnnnn escrlptions, measurements, and gage heichts, eastern United | 1807
States, eas Mississippi River, and Missouri River above
junction with .
WEB16.eeeeenemnnannaen P tions, measurements, and gage heights, western Missis- | 1897.
UPng River bolow junetion of Missouri an Platte, and western|
Descriptions measurements ratings, and monthly dischnrgb 1897,
(also some long-time reeords)
Measurements, ratings, gage heights, eastem United | 1898.
States, eastern Missfssx%pi River, and ‘Missouri R )
easurements, ra and gage heights, Ar)mnsss Rivamd 1898
Mwesi:ernUn.iﬁe\'l ; e warties v )
onthlydischm-ge also for many earlier years).. , .. .| 1808 -
N ?tions, measurements, gage heights, and ratings .| 1899,
Month AiSChATEO. cevvevcenennrnnneaenieascnncons 1899,
escriptions, measurements, gage heights, andm......".... 1005,
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Stream-flow data in reports of the United States Geologi}:al Survey—Continued.

Report. Character of data. Year.
224 A, pt. 4o caeenool Monthly disCharge. .....cceveeereeneeiiriiesiieerieraceancenees 1900.
‘W8 65,66.. e Descrlistions measurements, gage heights, and rating 1901.
WS 75..... .| Monthly discharge. . 1901.
‘WS 82 to .| Complete data. ..... 1902.
‘WS 97 to 100. N P (s TR 1903.
WS 124 t0 135. ...do... 1904,
WS 165 to 178 ...do... 1905, °
‘WS 201 to 214 ...do... 1906.
WS 241 to 252 ...do. 1907-8.
WS 2611t0272..........]..... L T Y 1909.
‘WS 281 to 292. J T TN 1910.
‘WS 301 to 312. ...do. 1911,
‘WS 321t0332a.........]..... L 1R 1912
WS351t03626......... ..... L R 1913
WS8381t0394..........]..... ' 1o 1914,

a In preparation.
NoT1E.—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
prior to 1904 has been published in Water-Supply Paper 119.

The following table gives by years and drainage basins the num-
bers of the papers on surface-water supply published from 1899 to
1914. The data for any particular station will in general be found
in the reports covering the years during which the station was main-
tained. For example, data for Machias River at Whitneyville, Me.,
1903 to 1913, are published in Water-Supply Papers 97, 124, 165,
201, 241, 261, 281, 301, 321, and 351, which contain records for the
New England streams from 1903 to 1913. Results of miscellaneous
measurements are published by drainage basins.

In these papers and in the following lists the stations are arranged
in downstream order. The main stem of any river is determined
by measuring or estimating its drainage area—that is, the headwater
stream having the largest drainage area is considered the continua-
tion of the main stream, and local changes in name and lake surface
are disregarded. All stations from the source to the mouth of the
main stem of the river are presented first, and the tributaries in
regular order from source to mouth follow, the streams in each
tributary basin being listed before those of the next basin below.

The exceptions to this rule occur in the records for Mississippi
River, which are given in four parts, as indicated on page 111, and in
the records for large lakes, where it is simpler to take up the streams
in regular order around the rim of the lake than to cross back and



Numbers of water-supply papers containing results of stream measurements, 1899-1914.
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36 36 36 ¢ 36,37 37 37| 837,38 | 88,630 | 38,739 38 33 38
48,449 49 49 49 ; 50 50 50 50 51 51 51 51 51
65,75 65,75 | &65,66,75 66,75 | *65,86,75 66,75| 66,75 66,7 66,7 66,75 66,75 66,75
83 182,83 k 83,85 84 k 83,84 . 84 85 85 85 85 85 85
98 97 1%08,99,m 1 99 k 98,99 99 100 100 100 100 100 100
k128,130 | 130,¢131 | * 128,131 132 133 |133,7 134 134 135 135 135
169 170 171 172 | *169,173 174 {175,2 177 | 176,7 177 177 178 178 177,178
205 206 207 208 | ¥ 205,209 210 211 |212,7 213 ‘213 214 214 ) 214
243 244 245 246 247 248 249 | 250, 251 251 252 252 252
263 | - 264 265 266 267 268 269 1270,r271 271 272 272 272
S 283 284 285 286 287 288 289 290 291 282 292 292
303 304 305 308 307 308 309 . 310 311 3512 312 31
323 324 325 326 327 328 329 330 331 332A 332B 332C
913. 353 354 355 356 357 358 359 360 361 362A 362B 362C
1014, 381 382 383 384 385 386 387 388 339 390 391 R 393 394
o thinx iables and index to Water-Su Papers 35-39 contained in Water—Su 1 J Loup and Platte rivers near Columbus, Nebr., and all tributaries below junction
Estimates for 1899 in Twenty-g.rsg Anmual Report, Part IV, PPy with P Platte, ! y
b James River only % Tributaries of Mississippi from east.
1 Lake Ontario a.nd tributaries to St. Lawrence River proper.
‘ m ‘nglmunnison rivers and Grand River above junction with Gunnison. m Hudson Bay onl;
vs J n New E: d rivers only.
'vers and south Pacific coast basins. o Hudson iver to Delaware River, inclusive.
0 tlbles and index to Water-%agply Papers 47-52 and data on precipitation, usquehanna River to Yadk:in Rfver, inclusive.
Call!omia. ed in Water-Supply Paper . Esti- q Platve and Kansas ri
msms for lﬁ d Annual Report, Part IV. .. 7 Great Basin in Califorma except Truckee and Carson river basins.
on and. uylkin rivers to James kiver ¢ Below junction with Gila.

¢ Rogue, Umpqua, and Siletz rivers only.
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Parr V._HUDSON jBAY AND UPPER MISSISSIPPI RIVER
DRAINAGE BASINS.

PRINCIPAL STREAMS.

streams whose waters reach Hudson Bay and the Mississippi above
its junction with the'Ohio (except the Missouri). The principal
streams flowing into Hudson Bay from the United States are St.
Mary River, Red River, and Rainy River. The principal tributaries
of the upper Mississippi are Crow Wing, Sauk, Crow, Rum, Minne-
sota, St. Croix, Chippewa, Zumbro, Black, Root, Wisconsin, Wap-
sipinicon, Rock, Iowa, Des Moines, Illinois, and Kaskaskia rivers.
These streams drain wholly or in part the States of Illinois, Indiana,
Iowa, Minnesota, Missouri, Montana, North Dakota, South Dakota,
and Wisconsin.

In addition to the list of gaging stations and the annotated list of
publications relating specifically to the section, these pages contain a
similar list of reports that are of general interest in many sections
and cover a wide range of hydrologic subjects, and also brief references
to reports published by State and other organizations. (See pp.
XVII-XXV.)

The Hudson Bay aFnd upper Mississippi River basins include

GAGING STATIONS.

Nore.—Dash after a date indicates that station was being maintained September 30, 1914. Period
after a date indicates discontinuance.

HUDSON BAY DRAINAGE BASIN.

St. Mary River near Babb (formerly dam site), Mont., 1902—
St. Mary River below Swiftcwrrent Creek, at Babb, Mont., 1901-2; 1910-
St. Mary River near Kimball, Alberta, 1902—

Swiftcurrent Creek near Babb (formerly Wetzel), Mont., 1902-1910.

Swiftcurrent Creek at McDermott Lake, Mont., 1912

Swiftcurrent Creek at Sherburne Lake, Mont., 1912-

Kennedy Creek near Babb (formerly Wetzel), Mont., 1903-1907.
Ottertail River at German Church, near Fergus Falls, an 1913~
Ottertail River near Fergus Falls, Minn., 1904-1913.

Red River near Fergus Falls, Minn., 1909—10
Red River at Fargo, N. Dak., 1901-

Red River at Grand Forks, N. Dak., 1901~
Red River at Pembina, N. Dak., 1901.

Red River at Emerson, Manitoba, 1900-1902.

Pelican River near Fergus Falls, Minn., 1909-1912.

Sheyenne River at Haggart, N. Dak., 1902-1907.

Wild Rice River at Twin Valley, an 1909~

Devilg Lake near Devils Lake, N. Dak 1901-1912.



vix STREAM-GAGING STATIONS, ETC., 1885-1914.

Red River tributaries—Continued.
Red Lake River at Thief River Falls, Minn., 1909-
Red Lake River at Crookston, Minn., 1901~
Thief River near Thief River Falls, Minn., 1909-
Clearwater River at Red Lake Falls, Minn., 1909~
South Branch of Two Rivers at Hallock, Minn., 1911~
Pembina River at Neche, N. Dak., 1903- -
Roseau River at Dominion City, Canada, 1912-
West Branch of Roseau River, near Malung, Minn., 1911-1914.
Mouse River near Foxholm, N. Dak., 1904-1906.
Mouse River at Minot, N. Dak., 1903-
Des Lacs River at Foxholm, N. Dak., 1904-1906.
Rainy Lake at Rainier, Minn., 1910~
Rainy River at International Falls, Minn., 1907-
Vermilion River below Lake Vermilion, nea: Tower, Minn., 1911~
Little Fork at Little Fork, Minn., 1909-
Big Fork at Big Falls, Minn., 1909-1912.
Big Fork at Laurel, Minn., 1909.
Black River near Loman, Minn., 1909.

TPPER MISSISSIPPI RIVER BASIN.

Mississippi River above Sandy River, Minn., 1895-
Mississippi River near Fort Ripley, Minn., 1909-10.
Misgissippi River near Sauk Rapids, Minn., 1903-1906.
Mississippi River at Anoka, Minn., 1905-1914.
Mississippi River at St. Paul, Minn., 1873-
Sandy River below Sandy Iake Reservoir, Minn., 1893~
Pine River below Pine River Reservoir, Minn., 1886-
Prairie River near Grand Rapids, Minn., 1909.
Crow Wing River at Nimrod, Minn,, 1910-1914.
Crow Wing River at Motley, Minn., 1909; 1913~ -
Crow Wing River at Pillager, Minn., 1903; 1909-1913.
Long Prairie River near Motley, Minn., 1909-
Sauk River near St. Cloud, Minn., 1909-1913.
- Elk River near Big Lake, Minn., 1911-
Crow River at Rockford River, Minn., 1909-
Crow River near Dayton, Minn., 1906.
North Fork of Crow River near Rockford, Minn., 1909-10,
South Fork of Crow River near Rockford, Minn., 1909-1912.
Rum River at Onamia, Minn., 1909-1912.
Rum River at Cambridge, Minn., 1909-1914.
Rum River at St. Francis, Minn., 1903.
Rum River near Anoka, Minn., 1905-6; 1909.
Minnosota River near Odessa, Minn., 1909-1913.
Minnesota River near Montevideo, Minn., 1909
Minnesota River near Mankato, Minn., 1903
Whetstone River near Big Stone, S. Dak., 1910-1912.
Lac qui Parle River at Lac qui Parle, Minn., 1910
Chippewa River near Watson, Minn., 1909-
Redwood River near Redwood Falls, Minn., 1909-1914.
Oottonwood River near New Ulm, Minn., 1909-1013 B
‘Blpe Earth River at Rapidan Mills, Minn., 1900—]0.
s&(hmxhwratSwm,Wm., 1914- ,



HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS.

Mississippi River tributaries—Continued.

St. Croix River near St. Croix Falls, Wis., 1902-1905; 1910~
Namakagon River at Trego, Wis., 1914
Yellow River at Webster, Wis., 1914.
Kettle River near Sandstone, Minn., 1908-
Snake River at Mora, Minn., 1909-1913.
Snake River near Pine City, Minn., 1913-
Apple River near Somerset, Wis., 1901~
Cannon River at Welch, Minn., 1909-1914.
Chippewa River above East Fork, near Winter, Wis., 1911-1913.
Chippewa River below East Fork, near Winter, Wis., 1912
Chippewa River near Bruce, Wis., 1913-
Chippewa River at Chippewa Falls, Wis., 1888-
Chippewa River near Eau Claire, Wis., 1902-1909.
West Fork of Chippea River near Winter, Wis., 1911-1913.
Flambeau River near Butternut, Wis., 1914-
Flambeau River near Ladysmith, Wis., 1914.
Flambeau River at Ladysmith, Wis., 1903-1906.
Eau Claire River near Augusta, Wis., 1914—
Eau Claire River near Eau Claire, Wis., 1913-14.
Red Cedar River near Colfax, Wis., 1914—
Red Cedar River at Cedar Falls, Wis., 1909
Red Cedar River at Menominee, Wis., 1907-8; 1913~
Zumbro River at Zumbro Falls, Minn., 1909-

South Branch of Zumbro River near Zumbro Falls, Minn., 1911~

Trempealeau River at Dodge, Wis., 1913-

Black River at Neillsville, Wis., 1905-1909; 1913—
Black River at Melrose, Wis., 1902-3.

La Crosse River near West Salem, Wis., 1913-
Root River near Houston, Minn., 1909-

North Branch of Root River near Lanesboro, Minn., 1910-
Upper Iowa River near Decorah, Iowa, 1913—
Wisconsin River near Rhinelander, Wis., 1905
Wisconsin River at Merrill, Wis., 1902—

Wisconsin River near Nekoosa, Wis., 1914
‘Wisconsin River near Necedah, Wis., 1902-1914.
Wisconsin River at Muscoda, Wis., 1902-3; 1913

Tomahawk River near Bradley, Wis., 1914-

Prairie River near Merrill, Wis., 1914

Little Rib River near Wausau, Wis., 1914-

Eau Claire River at Kelley, Wis., 1914~

Big Eau Pleine River near Stratford, Wis., 1914—

Plover River near Stevens Point, Wis., 1914

Baraboo River near Baraboo, Wis., 1913~

Kickapoo River at Gays Mills, Wis., 1913-
Turkey River at Garber, Iowa, 1913—

Maquoketa River above mouth of North Fork, near Maquoketa, Iowa, 1913-

Maquoketa River at Manchester, Io—a, 1903.

IX

Maquoketa River below mouth of North Fork, near Maquoketa, Iowa, 1913-14.

Wapsipinicon River at Stone City, Iowa, 1903-1914.
Rock River at Watertown, Wis., 1914.
Rock River at Afton, Wis., 1914~

Rock River above mouth of Pecatonica River, at Rockton, I11., 1903.
Rock River below mouth of Pecatonica River, at Rockton, Ill., 1903-1909.

97825°—wsp 385—15——17
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Mississippi River tributaries—Continued.
' Rock River-at Rockford, Ill., 1914-
Rock River near Nelson, I11., 1906.
Rock River at Sterling, I11., 1905-6.
Catfish River at Madison, Wis., 1902-3.
Lake Mendota at Madison, Wis., 1902-3.
Pecatonica River at Dill, Wis., 1914~
Pecatonica River at Freeport, I11., 1914~
Sugar River near Brodhead, Wis., 1914-
Towa River ncar Iowa Falls, Iowa, 1911-1914.
Towa River at Marshalltown, Iowa, 1903.
Iowa River at Iowa City, Towa, 1903-1906; 1913
Cedar River near Austin, Minn., 1909-1914.
Red Cedar River at Janesville, Iowa, 1905-6.
Cedar River at Cedar Rapids, Iowa, 1902-
Skunk River at Coppock, Iowa, 1913-
Des Moines River at Jackson, Minn., 1979-1913.
Des Moines River at Fort Dodge, Iowa, 1905-6; 1911-1913.
Des Moines River at Des Moines, Iowa, 1902-3; 1905-0.
Des Moines River at Kalo, Iowa, 1913-14.
Des Moines River at Keosauqua, Iowa, 1903-1906; 1911~
Raccoon River near Des Moincs, Iowa, 1902-3. -
Illinois River near Minooka, I11., 1902-1904.
Illinois River near Seneca, Ill., 1902-3.
Illinois River near Ottawa, Ill., 1902-1904.
Illinois River near La Salle, I11., 1902-3.
Illinois River near Peoria, I11., 1903-1906.
Kankakee River at Davis, Ind., 1905-6.
Kankakee River at Momence, Il1., 1905-6.
Yellow River at Knox, Ind., 1905-6.
Des Plaincs River at Riverside, Ill., 1896-1898.
Des Plaines River above mouth of Jackson Creek, near Channahon, Ill.,
1903-1906.
Des Plaines River, above Kankakce Liver, ncar Channahon, Ill., 1902-3.
" Des Plaines River at Romeo, Ill., 1914~
Des Plaines River at Joliet, I11., 1914~
Fox River at South Elgin, Ill., 1914~
Fox River at Aurora, Ill., 1914
Fox River at Sheridan, Ill., 1905-6.
Fox River at Ottawa, I11., 1903.
Vermilion River near Danville, I11., 1904.
Vermilion River ncar Streator, I11., 1914~
S»oon River at Seville, I11., 1914.
Sangamon River at Monticello, I1l., 1908-1912; 1914~
Sangamon River at Decatur, I11., 1905.
Sangamon River at Riverton, Ill., 1908-1912; 1914~
Sangamon River at Springficld, Ill., 1903.
Sangamon River near Oakford, Ill., 1909-1912; 1914~
Sangamon River ncar Chandlerville, I11., 1903-9.
South Fork of Sangamon River near Taylorville, Ill., 1908-1912; 1914~
Salt Creek near Kenny, I11., 1908-1912. .
Cahokia Creek at Poag, Ill., 1909-1912. :
Kaskaskia River ncar Arcola, I1l., 1908-1912.
Kaskaskia River at Shelbyville, Il1., 1908-1912; 1914~
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Mississippi River tributaries—Continued.
Kaskaskia River at Vandalia, Ill., 1908-1912; 1914~
Kaskaskia River at Carlyle, I11., 1908-1912; 1914~
Kaskaskia River at New Athens, Ill., 1907-1912; 1914~
Shoal Creek near Breese, I11., 1909-1912; 1914~
Silver Creek near Lebanon, Ill., 1908-1912; 1914-
Big Muddy River near Cambon, I11., 1908-1912.
Big Muddy River at Plumfield, Ill., 1914~
Beaucoup Creek near Pinckneyville, Ill., 1908-1912; 1914~

REPORTS ON WATER RESOURCES OF THE HUDSON BAY AND
TUPPER MISSISSIPPI RIVER BASINS.

PUBLICATIONS OF THE UNITED STATES GEOLOGICAL SURVEY.
WATER-SUPPLY PAPERS,

‘Water-supply papers are distributed free by the Geological Survey as long as its stock lasts. An asterisk
(*) indicates that this stock has been exhausted. Many of the papers marked in this way may,however,
be purchased (at prices noted) from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C. Omis-
sion of the price indicates that the report is not obtainable from Government sources. Water-supply
papers are of octavo size.

*21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls. (Con-
tinued in No. 26.)
Discusses by counties, glacial deposits and sources of well waters; many well sections.

57. Preliminary list of deep borings in the United States, Part I (Alabama-Montana),
by N. H. Darton. 1902. 60 pp. (See No. 149.) bc.

61. Preliminary list of deep borings in the United States, Part II (Nebraska-Wyom-
ing), by N. H. Darton. 1902. 67 pp. 5c.

Nos. 57 and 61 contain information as to depth, diameter, yield, and head of water in borings
more than 400 feet deep. A revised edition was published in 1905 as Water-Supply Paper 149 (q. v.).

96. Destructive floods in the United Statesin 1903, by E.C.Murphy. 1904. 81 pp.,
. 13 pls. 15c.
Contains notes on early floods in Mississippi Valley.

102. Contributions to the hydrology of eastern United States, 1903; M. L. Fuller,
geolegist in charge. 1904. 522 pp. 30c.
Contains brief reports on wells and springs of Minnesota and Missouri.
The reports comprise tabulated well records giving information as to location, owner, depth,
yield, head, ete., supplemented by notes as to elevation above sea, material penetrated, tempera-
ture, use, and quality; many miscellaneous analyses.

114. Underground waters of eastern United States; M. L. Fuller, geologist in charge.
1905. 285 pp., 18 pls. 25c.

Contains brief reports as follows: Missouri, by E. M. Shepard; Iowa, by W. H. Norton; Minne-
sota, by C. W. Hall; Wisconsin district, by Alfred R . Schultz; Illinois, by Frank Leverett; Indiana,
by Frank Leverett; each of these reports describes briefly the topography of the area, the rela-
tion of the geology to the water supplies, and gives list of pertinent publications; lists also prin-
cipal mineral springs.

117. The lignite of North Dakota and its relation to irrigation, by F. A. Wilder. 1905.
59 pp., 8 pls. 10c.

Describes the thickness, extent, variations, and fuel value of the lignite and its use for pumping
water, the area, soils and lignite of the river flats, and the status of irrigation in the State.

145, Contributions to the hydrolcgy of eastern United States, 1905; M L Fuller,
geolcgist in charge. 1905. 220 pp., 6 pls.

Contains two reports relating to areas draining to Hudson Bay or upper Mississippi River:

‘Water resources of Mineral Point quadrangle, Wisconsin, by U. 8. Grant. Describes springs,
streams, and shallow and deep wells.

‘Water supplies at Waterloo, Iowa, by W. H. Norton. Summarizes results of investigations to
determine availability of artesian water to replace the surface supply from Cedar River; discusses
necessity of test wells, supplementary supplies, artesian head, and permanency of flow,
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149. Preliminary list of deep borings in the United States, second edition with addi-

tions, by N. H. Darton. 1905. 175 pp. 10c. )

Given by States (and within the States by counties), the location, depth, diameter, yield, height
of water, and other features of wells 400 feet or more in depth; includes all wells listed in Water-
Supply Papers 57 and 61; mentions also principal publications relating to deep borings.

156. Water powersof northern Wisconsin, by L. S. Smith. 1906. 144 pp.,5pls. 25c.
Describes by river systems the drainage, geology, topography, rainfall, and run-off, water powers,
and dams. :

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-
charge and frequency and an index of flood literature, by E. C. Murphy and
others. 1906. 105 pp., 4 pls. 15c.

Contains accounts of floods in southeastern Minnesota, on Devils Creek, Towa, and in Des Moines
County, Iowa; gives estimates of flood discharge and frequency on Illinois River and on Missis-
sippi River at St. Paul; gives also index to literature on floods on American streams.

*193. The quality of surface waters in Minnesota, by R. B. Dole and F. F. Wesbrook.

1907. 171 pp., 7 pls. 25c.
Describes by river basins the topography, geology, and soils, the industrial and municipal pollu-
tion of the streams, and gives notes on the municipalities; contains many analyses.

#194. Pollution of Illinois and Mississippi Rivers by Chicago sewage (a digest of the
testimony taken in the case of the State of Missouri ». the State of Illinois
and the Sanitary District of Chicago), by M. O. Leighton. 1907. 369 pp.,
2pls. 40c.

Scope indicated by amplification of title.

#195. Underground waters of Missouri, their geology and utilization, by E. M. Shepard.
1907. 224 pp., 6 pls. 30c.
Describes the topography and geology of the State, the waters of the various formations, and
discusses the water supplies by districts and counties, gives statistics of city water supplies,
analyses of waters, and many well records.

#227. Geology and underground waters of South Dakota, by N. H. Darton. 1909.
156 pp., 15 pls.  40c.

Describes physical features, geologic formations, water horizons, and, by counties, deep wells
and well prospects; gives notes on construction and management of artesian wells.

236. The quality of surface waters in the United States: Part I, Analyses of waters
east of the one hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c.

Describes collection of samples, method of examination, preparation of solutions, accuracy
of estimates and expression of analytical results; gives results of analyses of waters of Mississippi,
Minnesota, Chippewa, Wisconsin, Rock, Iowa, Cedar, Des Moines, Illinois, Kankakee, Fox,
Sangamon, Kaskaskia, and Big Muddy rivers.

239. The quality of the surface waters of Illinois, by W. D. Collins. 1910. 94
PpP., 3 pls. 10c.

Discusses the natural and economic features that determine the character of the streams,
describes the larger drainage basins, and the methods of collecting and analyzing the samples
of water, and discusses each river in detail with reference to its source and course and the quality
of water; includes short chapters on municipal supplies and industrial uses.

254. The underground waters of north-central Indiana, by S. R. Capps, with a
chapter on the chemical character of the waters, by R. B. Dole. 1910.
279 pp., 7 pls. 40c.

Describes relief, drainage, vegetation, soils, and crops, industrial development, geologic forma-
tions; sources, movements, occurrence, and volume of ground water; methods of well construc-
tion and lifting devices; discusses, in detail for each county, surface features and drainage,
geology and ground water, city, village, and rural supplies, and gives records of wells and
analyses of waters. Discusses also, under chemical character, methods of analyses and ex-
pression of results, mineral constituents, effect of the constituents on waters for domestic and
industrial and medicinal uses, methods of purification, chemical composition; many analyses
and field assays.



HUDSON BAY AND UPPER MISSISSIPPI RIVER BASINS. XTI

256. Geology and underground waters of southern Minnesota, by C. W. Hall, O. E.
Meinzer, and M. L. Fuller. 1911. 406 pp., 18 pls. 60c.

Discusses the physiography of the State, geologic formations and their water-bearing capacity,
artesian conditions, the mineral quality of the underground waters, types of wells, finishing
wells in sand, drilling in quartzite, fluctuation in yield and head, “blowing’’ and “breathing”
wells; freezing of wells, drainage by wells, hydraulic rains, and scientific prospecting for water,
municipal supplies; power; storage and distribution; consumption of water; prices; sanitation.
Gives by counties details concerning surface features, rocks, yield, head, and quality of water,
and summaries and analyses. *

293. Underground water resources of Iowa, by W. H. Norton, W. S. Hendrixson.
H. E. Simpson, O. E. Meinzer, and others. 1912. 994 pp., 18 pls. 70c.

Describes the relief, drainage, temperature, and precipitation of the State and the geologic
formations; discusses the geologic occurrence of underground waters, artesian phenomena and
and yield of artesian wells, the chemical composition of underground waters, municipal,
domestic, and industrial water supplies, and mineral waters; gives details concerning topogra=
phy, geology, underground waters, and city and village supplies by districts and counties.

845. Contributions to the hydrology of the United States, 1914. N. C. Grover,
chief hydraulic engineer. Contains:
(i) Gazetteer of surface waters of Iowa, by H. J. Ryan, pp. 169-221.

ANNUAL REPORTS.

Each of the papers contained in the annual reports was also issued in separate form.

Annual reports are distributed free by the Geological Survey as long as its stock lasts. An asterisk (*)
indicates that this stock has been exhausted. Many of the papers so marked, however, may be purchased
from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C.

*Sixteenth Annual Report of the United States Geological Survey, 1894-95. 4 parts.
*Pt. II. Papersof an economic character, pp. xix, 598, 43 pls. $1.25. Con-
tains:

The public lands and their water supply, by F. H. Newell, pp. 457-533, Pls. XXXV to
XXXIX. Describes general character of the public lands; the lands disposed of (railroad, grant,
and swamp lands, and private miscellaneous entries), lands reserved (Indian, forest, and military
reservations), the vacant lands, and the rate of disposal of vacant lands; discusses the streams,
wells, and reservoirs as sources of water supply; gives details for each State.

Seventeenth Annual Report of the United States Geological Survey, 1895-96, Charles
D. Walcott, Director, 1896: 3 partsin4 vols. *Pt.II. Economicgeology and
hydrography, pp. xxv, 864, 113 pls. $2.35. Contains:

Preliminary report on artesian waters of a portion of the Dakotas, by N. H. Darton, pp. 603-694,
pls. Ixix to cvii. Gives an outline of the geologic relations; describes the water horizons and
the extent of the artesian water, and gives details concerning wells and prospects by counties;
discusses the origin, amount, pressure, head, and composition of the artesian waters. the use of
artesian water for power, and gives details concerning artesian irrigation by counties; contains
also remarks on the construction and management of artesian wells.

*The water resources of Illinois, by Frank Leverett, pp. 695-849, pls. cviii to cxiii. Describes
the physical features of the State, and the drainage basins, including Illinois, Des Plaines, Kan-
kakee, Fox, Illinois, Vermilion, Spoon, Mackinaw, and Sangamon rivers, Macoupin Creek, Rock
River, tributaries of the Mississippi in western Illinois, Kaskaskia, Big Muddy, and tributaries of
the Wabash; discusses the rainfall and run-off, navigable waters and water powers, the wells
supplying water for rural districts, and artesian wells; contains tabulated artesian well data and
water analyses.

Eighteenth Annual Report of the United States Geological Survey, 1896-97, 5 partsv in
6 vols., *Pt. IV, Hydrography, pp. X, 756, 102 pls. $1.75. Contains:

*The water resources of Indiana and Ohio, by Frank Leverett, pp. 419-560, pls. xxxiii to xxxvii.
Describes the Wabash, Whitewater, Great Miami, Little Miami, Scioto, Hocking, Muskingum,
and Beaver rivers, streams and lesser tributaries of the Ohio in Indiana and Ohio, the streams
discharging into Lake Erie and, Leke Michigan, and streams flowing to the upper Mississippi
through the Illinois, discuss shallow and drift wells, the flowing wells from the drift and deeper
artesian wells, and gives records of wells at many of the cities; describes the mineral springs, and
gives analyses of the waters; contains also tabulated lists of cities using surface waters for water-
works, and of cities and villages using shallow and deep well waters; discusses the source and
quality of the city and village supplies; and gives precipitation tables for various points.
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" BULLETINS.

An asterisk (*) indicates that the Geological Survey’s sbﬁck of the paper is exhausted. Many of the pap&s
so marked may be purchased from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C.
264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F, Lines, and A.C.

Veatch. 1905. 106 pp. 10c.

Discusses the importance of accurate well records to the driller, to owners of oil, gas, and water
wells, and to the geologist; describes the general methods of work; gives tabulated records of
wells in Illinois and Towa, and detailed records of wellsin Boone, Dupage, Henry, and La Salle
counties, Ill., and Des Moines and Scott counties, Iowa. These wells were selected because they
give definite stratigraphic information.

*298. Record of deep-well drilling for 1905, by M. L. Fullerand Samuel Sanford. 1906.
: 299 pp. 25c.

Gives an account of progress in the collection of well records and samples; contains tabulated
records of well in Illinois, Indiana, Jowa, Minnesota, Missouri, North Dakota, South Dakota,
and Wisconsin; and detailed records of wells in Brown, Hancock, La Salle, Pike, and Schuyler
counties, Ill.; Blackhawk, Floyd, Louisa, Mahaska, Scott, and Wapello counties, Iowa; and
Hennepin, Ottertail, and Pine counties, Minn. The wells of which detailed sections are given
were selected because they afford valuable stratigraphic information.

! GEOLOGIC FOLIOS.

Under the plan adopted for the preparation of a geologic map of the United States
the entire area is divided into small quadrangles bounded by certain meridians and
parallels, and these quadrangles, which number several thousand, are separately
surveyed and mapped.! The unit of survey is also the unit of publication, and the*
maps and description of each quadrangle are issued in the form of & folio. 'When all’
the folios are completed they will constitute a Geologic Atlas of the United States.

A folio is designated by the name of the principal town or of a prominent natural
feature within the quadrangle. Each folio includes mans showing the topography,
geology, underground structure, and mineral deposits of the area mapped and several
pages of descriptive text. The text explains the maps and describes the topographic
and geologic features of the country and its mineral products. The topographic map
shows roads, railroads, waterways, and, by contour lines, the shapes of hills and val-
leys and the height above sea level of all pointsin the quadrangle. The areal-geology
map shows the distribution of the variousrocks at the surface. The structural-geology
map shows the relations of the rocks to one another underground. The economic-
geology map indicates the location of mineral deposits that are commercially valuable.
The artesian-water map shows the depth to underground-water horizons. Economic-
geology and artesian-water maps are included in folios if the conditions in the areas
mapped warrant their publication. The folios are of special interest to students of
geography and geology and are valuable as guides in the development and utilization
of mineral resources.

The folios numbered from 1 to 163, inclusive, are published in only one form (18 by
22 inches), called the library edition. Some of the folios that bear numbers higher
than 163 are published also in an octavo edition (6 by 9 inches). ‘Owing to-a fire in
the Geological Survey building May 18, 1913, the stock of geologic folios was more or
less damaged by fire and water, but 80 or 90 per cent of the folios are usable. They
will be sold at the uniform price of 5 cents each, with no reduction for wholesale
orders. This rate applies to folios in stock from 1 to 184, inclusive (except reprints),
also to the library edition of folio 186. The library edition of folios 185, 187, and
higher numbers sells for 25 cents a copy, except that some folios which contain an
unusually large amount of matter sell at higher prices. The octavo edition of folio

1 Index maps shawlng areas in the Hudson Bay and upper Mississippi River basins oovered by topo-
graphic maps and by geologic folios will be mailed on receipt of request addressed to the Direotor, U. 8.
Geological Survey, Washington, D, C.
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185 and higher humbers sells for 50 cents a ccpy. A discount of 40 per cent is
allowed on an order for folios or for folios together with topographic maps amounting
to $5 at the retail rate.

All the folios contain descriptions of the drainege of the quadrangles. The folios
in the following list contain also brief discussions of the underground waters in connec-
tion with the economic resources of the areas and more or less informaticn concerning
the utilization of the water resources.

An asterisk (¥*) indicates that the stock of the folio is exhausted.

117. Casselton-Fargo, North Dakota-Minnesota. .

Gives a somewhat detailed account of the water supply, including descriptions and logs of
principal wells and tabulated well records; contains artesian-water maps showing areas which
will probably yield flowing wells.

¥145. Lancaster-Mineral Point, Wisconsin-Iowa-Illinois.

Discusses the springs, shallow and deep wells, streams and water power; gives analyses of
artesian water from well at Dubuque, Iowa.

168. Jamestown-Tower (Jamestown, Eckelson, and Tower quadrangles), INorth
Dalota.! ‘
Discusses shallow, deep, and artesian wells; head, pressure, power, volume, and character of

the water, and gives a tabulated list of representative wells; contains an artesian-water map
showing areas in which flowing wells may probably be obtained.

MISCELLANEOUS REPORTS.

Other Federal bureaus and State and other organizations have
from time to time published reports relating to the water resources of
the various sections of the country. Notable among those pertain-
ing to the Hudson Bay and upper Mississippi River basins are the
reports of the State surveys of Illinois and North Dakota, the Wis-
consin Geological and Natural History Survey and the Railroad Com-
mission of Wisconsin, the Illinois Water-Supply Commission, and the
Rivers and Lakes Commission of Illinois, and the water-power report
of the Tenth Census (vol. 17). The following reports deserve special
mention:

Contributions to the physical geography of the United States, Part I,-On the physi-
cal geography of the Mississippi Valley, with suggestions for the improvement of navi-
gation of the Ohio and other rivers, by Charles Ellet, jr.: Smithsonian Pub. 13, Wash-
ington, 1850. ’

The Mississippi and Ohio rivers, by Charles H. Ellet. 1853,

Report upon the physics and hydraulics of the Mississippi River, by A. A. Hum-
phreys and H. L. Abbott, 1876. -

The mineral content of Illinois waters, by Edward Bartow, J. A. Udden, S. W.
Parr, and George T. Palmer: Illinois State Geol. Survey Bull. 10, 1909.

Water resources of the East St. Louis district, by Isaiah Bowman: Illinois State
Geol. Survey Bull. 5, 1907.

Chemical and biological survey of waters of Illinois, by Edward Bartow: Univ.
Illinois Pub. 3, 6, 7, 1906-1909.

Chemical survey of the waters of Illinois, report for the years 1897-1902, by A. W.
Palmer, with report on Geology of Illinois as related to its water supply, by Charles
W. Rolfe: Univ. Illinois Pub.

1Issued in two editions. (See p. x1v.) Specify which edition is wanted.
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Report and plans for the reclamation of lands subject to overflow’in the Kaskaskia
River Valley, Illinois; begun under the direction of the Internal Improvement Com-
mission; completed and published under the direction of the Rivers and Lakes Com-
mission of Illinois, by Jacob A. Harmon. 1912.

Diversion of the waters of the Great Lakes by way of the sanitary and ship canal of
Chicago: A brief of the facts and issues, by Lyman E. Cooley, Chicago, 1913.

The State of Missouri vs. the State of Illinois and the Sanitary district of Chicago,
before Frank S. Bright, Commissioner of the Supreme Court of the United States. 1904.

The mineral waters of Indiana, their location, origin, and character, by W. S. Blatch-
ley: Indiana Dept. Geology and Nat. Res. Twenty-sixth Ann. Rept., 1901.

Report on the water resources investigation of Minnesota by the State Drainage
Commission, 1910.

Report of the commission on conservation [Montana] on bills relating to the public
lands, water rights, and the protection and preservation of the forests, 1911.

Governor’s message relating to conservation [in Montana] on bills relating to public
lands, water rights, and the protection and preservation of the forests.

Water resources of the Devils Lake region, North Dakota, by E. J. Babcock: North
Dakota Geol. Survey, Second Bienn. Rept., 1903.

The water powers of Wisconsin, by Leonard S. Smith: Wisconsin Geol. and Nat.
Hist. Survey Bull. 20. Madison, Wis., 1908.

Report of the Railroad Commission of Wisconsin to the Legislature on water powers:
Madison, Wis., 1915. '

Many of these reports can be obtained by applying to the several
organizations, and most of them can be consulted in the public
libraries of the larger cities.
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GEOLOGICAL SURVEY HYDROLOGIC REPORTS OF GENERAL
INTEREST.

The following list comprises reports not readily classifiable by drain-
age basins and covering a wide range of hydrologic investigations:

WATER-SUPPLY PAPERS.
*1. Pumping water for irrigation, by H. M. Wilson. 1896. 57 pp., 9 pls.

Describes pumps and motive powers, windmills, water wheels, and various kinds of engines;
also storage reservoirs to retain pumped water until needed for irrigation.
*3. Sewage irrigation, by G. W. Rafter. 1897. 100 pp., 4 pls. 10c. (See Water-
Supply Paper 22.)
Discusses methods of sewage disposal by intermittent filtration and by irrigation; describes
utilization of sewage in Germany, England, and France and sewage purification in the United
States.
*8. Windmills for irrigation, by E. C. Murphy. 1897. 49 pp., 8 pls. 10c.
Gives results of experimental tests of windmills during the summer of 1896 in the vicinity of
Garden, Kansas; describes instruments and methods and draws conclusions.
*14. New tests of certain pumps and water lifts used in irrigation, by O. P. Hood.
1898. 91 pp., 1 pl. 10c.

Discusses efficiency of pumps and water lifts of various types.

*20. Experiments with windmills, by T. O. Perry. 1899. 97 pp., 12 pls. 15c.
Includes tables and descriptions of wind wheels, makes comparisons of wheels of several types
and discusses results.
*22. Sewage irrigation, Part II, by G. W. Rafter. 1899. 100 pp., 7 pls. 15c.
Givesrésumé of Water-Supply Paper No. 3; discusses pollution of certain streams, experiments
on purification of factory wastes in Massachusetts, value of commercial fertilizers, and describes
American sewage disposal plants by States; contains bibliography of publications relating to
sewage, utilization and disposal.
82. Water resources of Puerto Rico, by H. M. Wilson. 1899. 48 pp., 17 pls. 15c.
Describes briefly topography, climate, rivers, irrigation methods, soils, forestation, water
power, and transportation facilities.
*41. The windmill; its efficiency and economic use, Part I, by E. C. Murphy. 1901.
72 pp., 14 pls. 15c.

*42, The windmill; its efficiency and economic use, Part II, by E. C. Murphy. 1901.
75 pp., 2 pls. 10c.
Nos. 41 and 42 give details of results of experimental tests with windmills of various types.

*#43. Conveyance of water in irrigation canals, flumes, and pipes, by Samuel Fortier.
1901. 86 pp., 15 pls. 15c.

*44. Profiles of riversin the United States, by Henry Gannett. 1901. 100 pp., 11 pls.
15¢. .

Gives elevations and distance along rivers of the United States; also brief descriptions of many
of the streams. Arrangement geographic. Many river profiles are scattered through other
reports on surface waters in various parts of the United States.

*56. Methods of stream measurement. 1901. 51 pp., 12 pls. 15c. ;

Describes the methods used by the survey in 1901-2. (See also Nos. 64, 94, and 95.)

64. Accuracy of stream measurements, by E. C. Murphy. 1902. 99 pp., 4 pls.
(See No. 95.) 10c.

Describes methods of measuring velocity of water and of measuring and computing stream flow
and compares results obtained with the different instruments and methods; describes also ex-
periments and results gt the Cornell University hydraulic laboratory. A second, enlarged edi-
tion published as Water-Supply Paper 95.
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*67. The motions of underground waters, by C. S. Slichter, 1902. 106 pp., 8 pls.
15¢.

Discusses origin, depth, and amount of ground waters; permeability of rocks and porosity of
soils; causes, rates, and laws of motionsof ground water; surface and deep zones of flow, and
recovery of waters by open wells and artesian and deep wells; treats of the shape and position
of the water table; gives simple methods of measuring yield of flowing well.

72. Sewage pollution in the metropolitan area near New York City and its effect on
inland water resources, by M. O. Leighton. 1902. 75 pp:, 8 pls. 10c.

Defines *‘normal” and “polluted” waters and discusses the damage resulting from pollution,

77. The water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren.
1903. 62 pp.,4pls. 1Qc.
Describes topography and geology of the island, the springs, running streams and wells; dise
cusses utilization of the surface and underground waters.
79. Normal and polluted waters in northeastern United States, by M. O. Leighton.
1993. 192 pp. 10c.
Defines essential qualities of water for various uses, the impurities in rain, surface, and ground
waters, meaning and importance of sanitary analyses, and principal sources of pollution.
*80. The relation of rainfall to run-off, by G. W. Rafter. 1903. 104 pp. 10c.

Treats of measurements of rainfall and laws and measurements of stream flow; gives rainfall,
run-off, and evaporation formulas; discusses effect of forests on rainfall and run-off.

87. Irrigation in India (second edition), by H. M. Wilson. 1903. 238 pp., 27 pls.
25¢.
First edition was published in Part II of the Twelfth Annual Report.

93. Proceedings of first conference of engineers of Reclamation Service, with accom-
panying papers, compiled by F. H. Newell, chief engineer. 1904. 361 pp.
25c.

Contains the following papers of more or less general interest:

Limits of an irrigation project, by D. W. Ross.

Relation of Federal and State laws to irrigation, by Morris Bien.
Electrical transmission of power for pumping, by H. A. Storrs.

Correct design and stability of high masonry dams, by Geo. Y. Wisner.
Irrigation surveys and the use of the planetable, by J. B. Lippincott.
The use of alkaline waters for irrigation, by Thomas A. Means.

#94, Hydrographic manual of the United States Geological Survey, prepared by E.C.
Murphy, J. C. Hoyt, and G. B. Hollister. 1904. . 76 pp., 3 pls. 10c.

Gives instruction for field and office work relating to measurements of stream flow by current
meters. (See also No. 95.)

95. Acém'acy of stream measurements (second, enlarged edition), by E. C. Murphy.
1904. 169 pp., 6 pls.

Describes methods of measuring and computing stream flow and compares results decived
from different instruments and methods. (See also No. 94.)

103. A review of the laws forbidding pollution of inland waters in the United States,
by E. B. Goodell. 1904. 120 pp. (See No. 152.)

Explains the legal principles under which antipollution statutes become operative, ‘quotes
court decisions to show authority for various deductions, and classifies according to scope the
statutes enacted in the different States.

110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller,
geologist in charge. 1905. 211 pp., 5 pls. 10c.

Contains the following reports of general interest. The scope of each paper is indicated by
its title,

Description of underflow meter used in measuring the velocity and direction of underground
water, by Charles S. Slichter.

The California or “stovepipe’ method of well construction, by Charles 8. Slichter.

Approximate methods of measuring the yield of flowing wells, by Charles 8. Slichter.

Corrections necessary in accurate determinations of ﬂow from vertical well casings, from notes
furnished by A. N. Talbot.

Experiment relating to problems of well contaminstion at Quitman, Gs., by 8. W. McCalile.,

Notes on the hydrology of Cuba, by M, L. Fuller,
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113. The dlsposal of strawboard and oil-well wastes, by R. L. Sackett and Isaiah
Bowman. 1905. 52 pp., 4 pls. bc.

The first paper discusses the pollution of streams by sewage and by trade wastes, describes the
manufacture of strawboard and givesresults of various experiments in disposing of the waste,
The second paper describes briefly the topography, drainage, and geology of the region about
Marion, Ind., the contamination of rock wells and ofstreams by waste oil and brine.

'114. Underground waters of eastern United States; M. L. Fuller, geologist in charge.
1905. 285 pp., 18 pls. 25c.

Contains report on ¢ Occurrence of underground waters,” by M. L. Fuller, discussing sources,
amount, and t3mparature of waters; permeability and storage capacity of rocks, water-bearing |
formations; recovery of water by springs, wells, and pumps; essential conditions of artesian
flows; and general conditions affecting underground waters in eastern United States.

115. River surveys and profiles made during 1903, by W. C. Hall and J. C. Hoyt.
1905. 115 pp., 4 pls. 10c.
Contains results of surveys made to determine location of undeveloped power sites.

119. Index to the hydrographic progress reports of the United States Geological

Survey, 1888 to 1903, by J. C. Hoyt and B. D. Wood 1905. 253 pp. 15c.
Scope indicated by title,

120. Bibliographic review and index of papers relating to underground waters pub-
lished by the United States Geological Survey, 1879-1904, by M. L. Fuller.
1905. 128 pp. 10c.
Scopeindicated by title.
122. Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp.
5c.
Defines and slassifies underground waters, gives common-law rules relating to their use, and
cites Stateslegislative acts affecting them.
140. Field measurements of the rate of movement of underground waters, by C. S.
Slichter. 1905. 122 pp., 15 pls. 15c.

Discusses the capacity of sand to transmit water; describes measurements of underflow in Rio
Hondo, San Gabriel, and Mohave River valleys, Cal., and on Long Island, N. Y.; gives results of
tests of wells and pumping plants, and describes stovepipe method of well construction.

143. Experiments on steel-concrete pipes on a working scale, by J. H. Quinton.
1905. 61 pp., 4 pls.
Scope indicated by title.

144. The normal distribution of chlorine in the natural waters of New York and
New England, by D. D. Jackson. 1905. 31 pp., 5 pls. 10c.
Discusses common salt in coast and inland waters; salt as an index to pollution of streams and

wells; the solutions and methods used in chlorine determinations,and the use of the normal
chlorine map; gives charts and tables for chlorine in the New England States and New York.
145. Contributions to the hydrology of eastern United States, 1905; M. L. Fuller,
. geologist in charge. 1905. 220 pp., 6 pls. 10c.
Contains brief reports of general interest as follows: :
Drainage of ponds into drilled wells, by Robert E. Horton. Discusses efficiency, cost, and
capacity of drainage wells and gives statistics of such wells in southern Michigan.
Construction of so-called fountain and geyser springs, by Myron L. Fuller.
A convenient gage for determining low artesian heads, by Myron L. Fuller.

146. Proceedings of second conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, chief engineer. 1905.
267 pp. 15c.

Contains brief account of the organization of the hydrographic [water-resources] branch and the
Reclamation Service, reports of conferences and committees, circulars of instruction, and many
brief reports on subjects closely related to reclamation, and a bibliography of technical papers by
members of the service. Of the papersread at the conference those listed below (scope indicated
by title) are of more or less general interest:

Proposed State code of water laws, by Morris Bien.

Power engineering applied in irrigation problems, by O. H. Ensign.
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146. Proceedings of second conference of engineers of the Reclamation Service, with
accompanying papers, etc.—Continued.
Estimates on tunneling in irrigation projects, by A. L. Fellcws.
Collection of stream-gaging data, by N. C. Grover.
Diamond-drill methods, by G. A. Hammond.
Mean-velocity and area curves, by F. W. Hanna.
Importance of general hydrographic data concerning basins of streams gaged, by R. E. Horton.
Effect of aquatic vegetation on stream flow, by R. E. Horton.
Sanitary regulations governing construction camps, by M. O. Leighton.
Negessity of draining irritated land, by Thos. H. Means.
Alkali soils, by Thos. H. Means.
Cost of stream-gaging work, by E. C. Murphy.
Equipment of a cable gaging station, by E. C. Murphy.
Silting of reservoirs, by W. M. Reed.
Farm-unit classification, by D. W. Ross.
Cost of power for pumping irrigating water, by H. A. Storrs. .
Records of flow at current-meter gaging stations during the frozen season, by F. H. Tillinghast.

147. Destructive floods in United States in 1904, by E. C. Murphy. 15c.

Contains a brief account of “A method of computing cross-section area of waterways,” in-
cluding formulas for maximum discharge and areas of cross section.

150. Weir experiments, coefficients, and formulas, by R. E. Horton. 1906. 189
Pp., 38 pls. (See Water-Supply Paper 200). 15c.
Scope indicated by title.

*151. Field assay of water, by M. O. Leighton. 1905. 77 pp., 4 pls. 10c.

Discusses methods, instruments, and reagents used in determining turbidity, color, iron,
chlorides, and hardness in connection with the studies of the quality of water in various parts
of the United States.

152. A review of the laws forbidding pollution of inland waters in the United States
(second edition), by E. B. Goodell. 1905. 149 pp. 10c.
Scope indicated by title.

*155. Fluctuations of the water level in wells, with special refetence to Long Island,
N. Y., by A. C. Veatch. 1906. 83 pp., 9 pls. - 25¢.
Includes general discussion of fluctuation due to rainfall and evaporation, barometric changes,

temperature changes in rivers, changes in lake level, tidal changes, effects of settlement, irri-
gation, dams, underground-water developments, and to indeterminate causes.

*160. Underground water papers, 1906; M. L. Fuller, geolcgist in charge. 1906. 104
pp., 1 pl.

Gives account of work in 1905; lists of publications relating to underground waters, and cons
tains the following brief reports of general interest:

Significance of the term ‘“‘artesian,” by Myron L. Fuller.

Representation of wells and springs on maps, by Myron L. Fuller.

Total amount of free water in the earth’s crust, by Myron L. Fuller.

Use of fluorescein in the study of underground waters, by R. B. Dole.

Problems of water contamination, by Isaiah Bowman.

Instances of improvement of water in wells, by Myron L. Fuller.

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-
charge and frequency and an index to flood literature, by E. C. Murphy and
others. 1906. 105 pp., 4 pls. 15c.

163. Bibliographic review and index of underground-water literature published in
the United States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson
1906. 130 pp. 1lbc.
Scope indicated by title.

#179. Prevention of stream pollution by distillery refuse, based on investigations at

Lynchburg, Ohio, by Herman Stabler. 1906. 34 pp.,1pl. 10c.

Describes grain distillation, treatment of slop, sources, character, and effects of effiuentson
streams; discusses filtration, precipitation, fermentation, and evaporation methods of disposal
of wastes without pollution. .
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. Turbine water-wheel tests and power tables, by R. E. Horton. 1906. 134 pp.,
2 pls. 20c.
Scope indicated by title.

. Investigations on the purification of Boston sewage, by C-E. A. Winslow and
E. B. Phelps. 1906. 163 pp. 25c.

Disecusses composition, disposal, purification, and treatment of sewages and recent tendencies
in sewage-disposal practice in England, Germany, and the United States; descrites character
of crude sewage at Boston, removal of suspended matter, treatment in septic tanks,and purifi-
cation in intermittent sand filtration and coarse material; gives bibliography.

. Stream pollution by acid-iron wastes, a report based on investigations made at.
Shelby, Ohio, by Herman Stabler. 1906. 36 pp., 1 pl. 10c.

Gives history of pollution by acid-iron wastes at Shelby, Ohio, and resulting litigation; dis-
cusses effect of acid-iron liquors on sewage purification processes, recovery of copperas from acid-
iron wastes, and other processes for removal of pickling liquor.

. Dstermination of stream flow during the frozen season, by H. K. Barrows and
R. E. Horton. 1907. 93 pp., 1 pl. 15c.
Scope indicated by title. :

The prevention of stream pollution by strawboard waste, by E. B. Phelps.
1906. 29 pp., 2 pls. be.

Describes manufacture of strawboard, present and proposed methods of disposal of waste
liquors, laboratory investigations of precipitation and sedimentation, and field studies of
amounts and character of water 1_lsed, raw material and finished product, and mechanical
filtration.

Pollution of Illinois and Mississippi rivers by Chicago sewage (a digest of the °
testimony taken in the case of the State of Missouri v. The State of Illinois
and the Sanitary District of Chicago), by M. O. Leighton. 1907. 369 pp.,
2 pls. 40c.

Scope indicated by amplification of title.

Water supply of Nome region, Seward Peninsula, Alaska, 1906, by J. C. Hoyt
and F. F. Henshaw. 1907. 52 pp., 6 pls. 15c.

Gives results of measurements of flow of Alaskan streams, discusses available water supply
for ditch and pipe lines and power development; presents notes for investors.

Weir experiments, coefficients, and formulas, revision of paper No. 150, by
R. E. Horton. 1907. 195 pp., 38 pls. 35c.

Scope indicated by title.

‘Water-supply investigations in Alaska, 1906-7 (Nome and Kougarok regions,
Seward Peninsula; Fairbanks district, Yukon-Tanana region), by F. F.
Henshaw and C. C. Covert. 1908. 156 pp., 12 pls. 25c.

Describes the drainage basins, gives results of observations at the gaging stations, and discusses
the water supply of the ditches and pipe lines, and possibilities of development; gives also
wmeteorological records.

The pollution of streams by sulphite-pulp waste, a study of possible remedies,
by E. B. Phelps. 1908. 37 pp., 1 pl. 10c.

Describes manufacture of sulphite pulp, the waste liquors, and the experimental work leading
to suggestions as to methods of preventing stream pollution.

Waster-supply investigations of the Yukon-Tanana region, Alaska, 1907 and 1908
(Fairbanks, Circle, and Rampart districts), by C. C. Covert and C. E. Ells-
worth. 1909. 108 pp., 7 pls. 20c.

Describes the drainage basins; gives results of observations at gaging stations; discusses the
water supplies of the ditches and pipe lines and possibilities of hydraulic development.

The disinfection of sewage and sewage filter effluents, with a chapter on the
putrescibility and stability of sewage effluents, by E. B. Phelps. 1909. 91
pp., 1 pl. 15c.

Scope indicated by title.
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234. Papers on the conservation of water resources. 1909. 96 pp., 2 pls. 15¢c.

Contains the following papers, whose scope is indicated by their titles: Distribution of rainfall,
by Henry Gannett; Floods, by M. O. Leighton; Developed water powers, compiled under the
direction of W. M. Steuart, with discussion by M. O. Leighton; Undeveloped water powers, by
M. O. Leighton; Irrigation, by F. H. Newell; Underground waters, by W. C. Mendenhall;
Denudation, by R. B. Dole and Herman Stabler; Control of catchment areas, by H. N, Parker.

#235. The purification of some textile and other factory wastes, by Herman Stabler
and G. H. Pratt. 1909. 76 pp. 10c.

Discusses waste waters from wool-scouring, bleaching, and dyeing cotton yam, bleaching
cotton piece goods, and manufacture of oleomargarine, fertilizer, and glue.

'236. The quality of surface waters in the United States: Part I, Analyses of waters
east of the one-hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c.

Describes collection of samples, method of examination, preparation of solutions, accuracy
of estimates, and expression of analytical results.

238. The public utility of water powers and their governmental regulation, by René
Tavernier and M. O, Leighton. 1910. 161 pp. 15c.

Discusses hydraulic power and irrigation, French, Italian, and Swisslegislation relative to the
development of water powers, and laws proposed in the French Parliament, reviews work of
bureau of hydraulics and agricultural improvement of the French department of agriculture,
and gives résumé of Federal and State water-power legislation in the United States.

255. Underground waters for farm use, by M. L. Fuller. 1910. 58 pp., 17 pls. 15c.
- Discusses rocks as sources of water supply and the relative safety of supplies from different
materials; springs, and their protection; open or dug and deep wells, their location, yield, relative
cost, protection, and safety; advantages and dlsadvantages of cisterns and combination wells
and cisterns.

*#257, Well-drilling methods, by Isaiah Bowman. 1911. 139 pp., 4 pls. 15c.
Discusses amount, distribution, and disposal of rainfall, water-bearing rocks, amount of under~
ground water, artesian conditions, and oil and gas bearing formations; gives history of well
drilling in Asia, Europe, and the United States; describes in detail the various methods and the
machinery used; discusses loss of tools and geologic difficulties; contamination of well waters
and methods of prevention; tests of capacity and measurement of depth; and costs of sinking
wells,

258. Underground water papers, 1910, by M. L. Fuller, F. G. Clapp, G. C. Matson,
Samuel Sanford, and H. C. Wolff. 1911. 125 pp.; 2 pls. 15c.
Contains the following papers (scope indicated by titles) of genetaunteust
Drainage by wells, by M. L. Fuller.
Freezing of wells and related phenomena, by M. L. Fuller.
Pollution of underground waters in limestone, by G. C. Matson.
Protection of shallow wells in sandy deposits, by M. L. Fuller.
Magnetic wells, by M. L. Fuller,

#259. The underground waters of southwestern Ohio, by M. L. Fuller and F. G.
Clapp, with a discussion of the chemical character of the waters, by R. B.
Dole. 1912. 228 pp., 9 pls. 35c.

Describes the topography, climate, and geology of the region, the water-bearing formations, the
source, mode of occurrence, and head of the waters, and municipal supplies; gives details by
counties; discusses in supplement, under chemical character, method of analysis and expression
of results, mineral constituents, effect of the constituents on waters for domestic, industrial, or
medicinal uses, methods of purification, chemical composition; many analyses and field assays.
The matter in the supplement was also published in Water-Supply Paper 254 (The underground
waters of north-central Indiana).

274. Some stream waters of the western United States, with chapters on sediment
carried by the Rio Grande and the industrial application of water analyses,
by Herman Stabler. 1911. 188 pp. 15c.

Describes collection of samples, plan of analytical work, and methods of analyses; discusses
soap-consuming power of waters, water softening, boiler waters, and water for irrigation; gives
Tesults of analyses of waters of the Rio Grande and of Pecos, Ga.lljﬁas, and Hondo rivers,
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. Gaging stations maintained by the United States Geological Survey, 1888-

1910, and Survey publications relating to water resources, compiled by
B. D. Wood. 1912. 102 pp.. 10c.

Surface water supply of Seward Peninsula, Alaska, by F. F. Henshaw and G. L.
Parker, with a sketch of the geography and geology by P. 8. Smith, and a -
description of methods of placer mining by A. H. Brooks. 1913. 317 pp.,
17 pls. 45c.

Contains results of work at gaging stations.

The purification of public water supplies, by G. A. Johnson. 1913. 84 pp., 8
pls. 10c.

Discusses ground, lake, and river waters as public supplies, development of waterworks sys-
tems in the United States, water consumption, and typhoid fever; describes methods of filtra-
tion and sterilization of water, and municipal water softening.

Water resources of Hawaii, 1909-1911, by W. F. Martin and C H. Pierce. 1913.
552 pp., 15 pls.  50c.

Describes the general features of the islands and gives results of measurements of streams and
of observations of rainfall and evaporation; contains a gazetteer.

. The Ohio Valley flood of March-April, 1913, (including comparisons with some '

earlierfloods), by A. H. Hortonand H. J.Jackson. 1913. 96 pp.,32pls. 20c.
Although relating specifically to floods in the Ohio Valley, this report discusses also the causes
of floods and the prevention of damage by floods.
Water resources of Hawaii, 1912, by C. H. Pierce and G. K. Larrison. 1914.
392 pp. 50c.
Contains results of stream measurements on the islands in 1912.

The effectsofice onstream flow,by William Glenn Hoyt. 1913. 76 pp.,7pls. 15c.
Discusses methods of measuring the winter flow of streams.

Surface watersupply of the Yukon-Tananaregion, Alaska, by C. E. Ellsworthand
R. W. Davenport. 1915. 343 pp., 13 pls.

Presents results of 6 years observations of the water supply of the Yukon-Tanana region, dis-
cusses climate and precipitation, and gives station records.

Contributions to the hydrology of the United States, 1914. N. C. Grover, chief

hydraulicengineer. Contains:

(e) A method of determining the daily discharge of rivers of variable slope, by M. R. Hall,
W. E. Hall, and C. H. Pierce, pp. 53-65. Scope indicated by title.

(f) The discharge of Yukon River at Eagle, Alaska, by E. A. Porter and R. W. Davenport,
Ppp. 67-77, pls. IV-V. Describes briefly the location and size of the Yukon basin, the climatic
conditions in the basin, and methods of collecting hydrometric data; compares run-off with pre-
cipitation, and gives table showing the discharge of some of the large rivers in the United States
as compared with the discharge of the Yukon and the Nile.

Water analyses from the laboratory of the United States Geological Survey, tabu-
lated by F. W. Clarke, chief chemist. 1914. 40 pp. 5c.

Contains analyses of waters from rivers, lakes, wells, and springs in various parts of the United
States, including analyses of the geyser water of Yellowstone National Park, hot springs in
Montana, brines from Death Valley, water from the Gulf of Mexico, and mine waters from
Tennessee, Michigan, Missouri and Oklahoma, Montana, Colorado and Utah, Nevada and
Arizona, and California.

Equipment for current-meter gaging statlons, by G.J. Lyon. 1915. 64 pp.,
37 pls.

Describes methods of installing automatic and other gages and of constructing gage wells,
shelters, and structures for making discharge measurements and artificial controls,
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875. Contributions to the hydrology of the United States, 1914. N. C. Grover, chief

hydraulicengineer. Contains:

(c) Relation of stream gaging to the science of hydraulics, by C. H. Pierce and R. W. Daven-
port, pp. 77-84.

(¢) A method for correcting river discharge for changing stage, by B. E. Jones, pp. 117-130.

(f) Conditions requiring the use of automatic gages in obtaining stream-flow records, by C. H.
Pierce, pp. 131-139,

Three papers presented at the conference of engineers of the water resources branch in Decem-

ber, 1914,
ANNUAL REPORTS.

*Fifth Annual Report of the United States Geological Survey, 1883-84, J. W. Powell,
Director. 1885. pp. xxxvi, 469, 58 pls. $2.25. Contains:

*The requisite and qualifying conditions of artesian wells, by T. C. Chamberlain, pp. 125-
173, P1. XXI. Scope indicated by title.

Twelfth Annual Report of the United States Geological Survey, 1890-91, J. W. Powell,
Director. 1891. 2 parts. Pt. II, Irrigation, pp. xviii, 576, 93 pls. $2.
Contains:

*Irrigation in India, by H. M. Wilson, pp. 368-561, Pls. CVII to CXLVI. (See Water-Supply
Paper 87.)

. Thirteenth Annual Report of the United States Geological Survey, 1891-92, J. W.
Powell, Director. 1892. (Pts. IT and III, 1893.) 3 parts. Pt. III, Irriga-

tion, pp. xi, 486, 77 plates. $1.85. Contains:

*American irrigation engineering, by H. M. Wilson, pp. 101-349, Pls. CXIto CXLV. Discusses
the economical aspects of ircigation, alkaline drainage, silt and sedimentation; gives brief history
of legislation; describes perennial canals in Idaho-California, Wyoming, and Arizona; discusses
water storage at reservoirs of the California and other projects, subsurface sources of supply,
pumping and subirrigation.

Fourteenth Annual Report of the United States Geological Survey, 1892-93, J. W.
Powell, Director. 1893. (Pt. II, 1894.) 2 parts. *Pt. II, Accompanying
papers, pp. xx, 597, 73 pls. $2.10. Contains:

*Potable waters of the eastern United States, by W. J. McGee, pp. 1 to 47, Discusses cistern
water, stream waters, and ground waters, including mineral springs and artesian wells.

*Natural mineral waters of the United States, by A. C. Peale, pp. 49-88, Pls. IIIand IV. Dis-
cusses the origin and flow of mineral springs, the source of mineralization, thermal springs, the
chemical composition and analysis of spring waters, geographic distribution, and the utilization
of mineral waters; gives a list of American mineral spring resorts; contains also some analyses.

Nineteenth Annual Report of the United States Geological Survey, 1897-98, Charles
D. Walcott, Director. 1898. (Parts IT, ITI, and V, 1899.) 6 partsin 7 vols.
and separate case for maps with Pt. V. *Pt. IT, papers chiefly of a theoretical
nature, pp. v, 958, 172 plates. $2.65. Contains:

*Principles and conditions of the movements of ground water, by F. H. King, pp. 59-294, Pls,
VIto XVII. Discusses the amount of water stored in sandstone, in soil, and in other rocks, the
depth to which ground water penetrates; gravitational, thermal, and capillary movements of
ground waters, and the configuration of the ground-water surface; gives the results of experi-
mental investigationson the flow of air and water through a rigid, porous medium, and through
sands, sandstones, and silts; discusses results obtained by other investigators, and summarizes
results of observations; discusses also rate of flow of water.through sand and rock, the growth of
rivers, rate of filtration through soil, interference of wells, etc.

*Theoretical investigation of the motion of ground waters, by C. 8. Slichter, pp. 295-384, Pls.
XVII. Scope indicated by title. :

Twentieth Annual Report of the United States Geological Survey, 1898-99, Charles
D. Walcott, Director. 1899. (Parts II, IIT, IV, V, and VII, 1900.) 7 parts
in 8 vols. and separate case for maps with Pt. V. *Pt. IV, Hydrography, .

pp. vii, 660, 75 plates. $1.40. Contains:

*Hydrography of Nicaragua, by A. P. Davis, pp. 563-637, Pls. LXIV to LXXV. Describes the
topographie features of the boundary, the lake basin and Rio San Juan; gives a brief résumé of
the boundary dispute; discusses rainfall, temperature, and relative humidity, evaporation,
resources, and productions, the ship, railway, and canal projects; gives the history of the investie
gations of the Canal Commission, and results of measurements on the Rio Grande, on streams
tributary to Lake Nicaragua, and on Rio San Juan and its tributaries.
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Twenty-second Annual Report of the United States Geological Survey, 1900-1901,
Charles D. Walcott, Director. 1901. (Parts III and IV, 1902.) 4 parts.

Pt. IV, Hydrography, 690 pp.,-65 pls. $2.20. Contains:
¥Hydrography of the American Isthmus, by A. P. Davis, pp. 507-630, Pls. XXXVII to L.
Describes the physiography, temperature, rainfall, and winds of Central America; discusses the

hydrography of the Nicaragua Canal route and the Panama Canal route; gives estimated
monthly discharges of many of the streams, rainfall, and evaporation tables at various points.

PROFESSIONAL PAPERS.

*72. Denudation and erosion in the southern Appalachian region and the Mo-
nongahela basin, by L. C. Glenn. 1911. 137 pp., 137 pls. 35c.

Describes the topography, geology, drainage, forests, climate and population, and trans-
portation facilities of the region, the relation of agnculture lumbering, mining, and power
development to erosion and denudation, and the nature, effects, and remedies of erosion; gives
details of conditions in Holston, Nolichucky, French Broad, Little Tennessee, and Hiwassee
river basins, along Tennessee River proper, and in the basins of the Coosa-Alabama system,
Chattahoochee, Savannah, Saluda, Broad, Catawba, Yadkin, New, and Monongahela rivers.

BULLETINS.

*32. Lists and analyses of the mineral springs of the United States (a preliminary
study), by A. C. Peale. 1886. 235 pp.

Defines mineral waters, lists the springs by States, and gives tables of analyses so far as avail-
able. -

264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C.
Veatch. 1905. 106 pp. 10c.

*298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford.
1906. 299 pp. 25c.

Bulletins 264 and 298 discuss the importance of accurate well records to the driller, to owners
of oil, gas, and water wells, and to the geologist; describes the general methods of work; gives
tabulated records of wells by States, and detailed records selected as affording valuable stratie
graphic information.

*319. Summary of the controlling conditions of artesian flows, by Myron L. Fuller.
1908. 10c.

Describes underground reservoirs, the sources of underground waters, the confining agents,
the primary and modifying factors of artesian circulation, the essential and modifying factors
of artesian flow, and typical artesian systems.

479. The geochemical interpretation of water analyses, by Chase Palmer. 1911.
31 pp. &c.

Discusses the-expression of chemical analyses, the chemical character of water and the proper-
ties of natural waters; gives a classification of waters based on property values and reacting val
ues, and discusses the character of the waters of certain rivers as interpreted directly from the
results of analyses; discusses also the relation of water properties to geologic formations, silica in
river water, and the character of the water of the Mississippi and the Great La.kes and St. Law-
rence River as indicated by chemical analyses.
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fA==Annual Reports; M=Monograph; B=Bulletin; P= Professional Paper, ‘W=Water-Supply Paper;

G F=Geologic folio.]
Alaska: Surface waters............................. W 196, 218, 228, 314, 342, 345 (f)
Artesian waters: Essential conditions............... ... ... A 5; B 319; W 67,114
Bibliographies 1. ...co.ouim e s W 119, 120, 163, 280
Chemical analyses:2 Methods and interpretations. ... W 151, 236, 259, 274, 364; B 479
Comservation. .. ... iiiiiiiieeeccaccacaacans W 234
Cuba: Surface, underground, and quality of Waters......ceeeeeeeeeennanannnn W 110
Denundation. . .. ..ot ciaiaciecaeaan P72
Engineering methods.............. e et eeeeeeeeeeceececeeceacaaaann Wi,

3,8, 20, 41, 42, 43, 56, 64, 93, 94, 95, 110, 143, 146, 150, 180,
187, 200, 257 337, 345 (e), 871, 375 (c), 375 (e), 375 (1)

Floods. oo e e ‘W 96, 147, 162, 334
Hawaiian Islands: Surface waters...... ... ... ... ..ociiiiiiiiiann W 77, 318, 336
Underground waters. ...........oooiiiiiiiiiiiiiiiiaa... w77

Ice measurements...................... e e ‘W 146, 187, 337
Illinois: Quality of waters, etc. . .oooo i iiiiiiiiiii i ‘W 194, 236, 239
Surface waters............o.ooiiiiiiiiiiiai.L A 17ii; 18 iv; W 239
Underground waters........... A 17 ii; B 264, 298; W 57, 114, 149; G F 145

India: Irrigation. .. ..oooiiiiiiir i i it eteean A12; W87
Indiana: Quality of waters.........i. ... . .o.oiiiiiioii.. A18iv; W 236 254
Surface Waters. .....ccooeceeeieeaeaao.. e A 18iv; W 147
Underground waters................. A 18 iv; B 298; W 21, 57, 114 149, 254

Towa: Quality of waters..... ... ... .. i iiiiiiiiaiiieiaaaaannn * W 236,293
Surface Waters. ... iiiiiiiiiiieiieaaaae W 162, 345 (i)
Underground waters............. B 264, 298; W.57, 114, 145, 149, 293; G F 145
Irrigation, general......................... A12ii, 18 iii; W 20,22, 41, 42, 87,93,146
Legal aspects: Surface waters. .. ... ... ... ... .........ll.. W 1083, 152, 238
Underground waters...........coiiiiiiiiiiiiiiiiieeaann.. W 122
Mmeralspnngs Analyses. .. iiiiiiiiiiiiiaaaa A 14ii; B32
Origin, distribution, etc........ .. .. ... i il A14ii

7T B 32; W 114

Minnesota: Quality of waters. . ... ... . ioiii.o. W 102, 193, 236 256
Surface waters............ et W 162,193

. Underground waters............. B 298; W 57,102, 114, 149, 256; G F 117
Missouri: Quality of waters, etc......... ... .. iiiiiiiiiiiiiiiiiaii. W 195, 236
Surface Waters. ... . ... ... iiiiiiiiiiiiiiiieeeae... W 162
Underground waters............... B298; W 57,102,110, 114, 145, 149,195

Montana: Underground waters. ..........oooiiii i, W 57,149
Motions of ground waters........................ A 19 ii; B 319; W 67,110, 140, 155
Nicaragua: Surface waters. ... ... .. .. .. iiiiiiiiiiiiiietaannn A 20iv, 22 iv

North Dakota: Underground waters. . .. A 17 ii; B 298; W 61,117,149; G F 117,168

1 Many of the reports contain brief subject bibliographies. See abstracts.
2 Many analyses of river, spring, and well watersarescattered thmughpublications, asnoted inabstracts.
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Panama: Surface Waters.......oc..oooori it iaaaee e A 22iv
Pollution: By industrial wastes............................. ‘W 179, 186, 189, 226, 235
By 8eWAZe - iicaaeeeaaa W 72,79,194
Laws forbidding. ... ... o i iiiiiiiiiiaeaa W 103, 152
Indicesof... oo lieeae . et eteeaaacceaaen W 144,160
Porto Rico: Surface waters and irrigation...... ... ... o iiiiiiiiiiianan. W32
Profiles Of TiVerS. « oottt aaaaaaann W 44,115
River profiles. . ..o ittt e et W 44,115
Sanitation; quality of waters; pollution; sewage irrigation. .................. W3,

22, 72, 79, 103, 110, 113, 114, 121, 144, 145, 152, 160,
179, 185, 186, 189, 194, 226, 229, 235, 236, 255, 258, 315

Sewage disposal and purification. .. ... .. .. ... ... W 3,22,72,113, 185, 194, 229
South Dakota: Surface waters. ... ... ... ... ... i iiiiiiiiiiaaaaaaaaan ‘W 147,162
Underground Waters. ... ..ot it iiiaaaann A 17 ii;

18 iv; B 298; W 61, 149, 227

Underground waters: Legal aspects. .o ....... . i i it iiiiiiiiiiiianaans W 122
Methods of utilization........................ W 114, 255, 257

Pollution...... ... ... . ... ... W 110, 145, 160, 258

‘Windmill papers. ...... e e e e e eaeeceaeaaaaas W 1, 8,20, 41, 42
Wisconsin: Surface Waters. ......... .o it iaaaaaaan W 156

Underground waters................. B 298; W 61,114, 145,149; G F 145
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