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SURFACE WATER SUPPLY OF ST. LAWRENCE RIVER
BASIN, 1912.

By C. C. Covert, A. H. HortoNn, and W. G. Hoyr.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 12 reports presenting results of
measurements of flow made on streams in the United States during
the calendar year 1912.

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 prepara-

tion of reports upon the best methods of utilizing the water resources:
Annual appropriations for the fiscal year ending June 30—

1o B ) e SO S R O M B T A e $12, 500
1T SR TR s o MNP G  o r  [rvce  Sal 20, 000
1897 50- JO0D; dnelusmwe. . .« o halaiiel s R CRERINET Jkaley. 50, 000
190710 1902 Hanietusine L 7o) ey e s MK SR Ly 3TN 100, 000
1908 to 1906, dinclusive >zl in s b U Ll 5 Ll 200, 000
B, 3SR i . bl B S e e s ST G B O 150, 000
1908501910 SnGlnet vortms . o e SO S B O Ty E 100, 000
19171 101918 Vidteluarves i B [ Saen Set ety L 150, 000

In the execution of the work many private and State organizations
have cooperated, either by furnishing data or by assisting financially
in collecting the data. Acknowledgments for cooperation of the first
kind are made in connection with the description of each station
affected and of the second kind on page 14.

Measurements of stream flow have been made at about 2,000 points
in the United States and also at many points in small areas in Seward

Peninsula and the Yukon-Tanana region, Alaska, and in the Hawaiian
5



6 SURFACE WATER SUPPLY, 1912, PART IV.

Islands. During 1912 gaging stations were maintained by the Survey
and the cooperating organizations at about 1,500 points, and many
discharge measurements were made at other points. In connection
with this work data were also collected in regard to precipitation,
evaporgtion, 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 for each calendar year has been prepared embodying the
stream-flow data collected during that year. An index to the reports
containing stream-flow measurements prior to 1904 has been published
as Water-Supply Paper 119. Circulars are also available giving com-
plete lists of the gaging stations maintained by the Survey to date,
and a list of the reports relating to the water supply of the country.

Prior to 1902 gage heights and discharge measurements were pub-
lished in water-supply papers of bulletins and estimates of monthly
discharge in annual reports; since 1902 both classes of data have been
published in water-supply papers, and they are now being published
in 12 parts, as shown in the following table:

Papers on surface water supply of the United States, 1912.

Part.a | No. ¥ Title.

I| 321 | North Atlantic coast basins.
II | 322 | South Atlantic coast and eastern Gulf of Mexico basins.
III | 323 | Ohio River basin.
IV | 324 | St. Lawrence River basin.
V | 325 | Upper Mississippi River and Hudson Bay basins.
VI | 326 | Missouri River basin.
VII | 327 | Lower Mississippi River basin
VIII | 328 | Western Gulf of Mexico basins.
IX | 329 | Colorado River basin.
X | 330 | Great Basin.
XI| 331 | Pacific coast basins in California.
XII | 332 | North Pacific coast basins.

a For the purpose of uniformity in the presentation of reports, a general plan has been agreed upon by
the United States Reclamation Service, the United States Forest Service, the United States Weather
Bureau, and the United States Geological Survey, according to which the area of the United States has
blg(tag dividg(;i into 12 parts, whose boundaries coincide with natural drainage lines indicated by the parts
of the report.



PUBLICATIONS.
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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.
IO A B B livsnass Deseriptive information only.........cccccceceussnsnnvssoncassas
VR o AR Moty GIORATES . LUt s B o in s B s i ralniaie b s Sk Ve B e s 1811339 Oto Sept.,
BB AP Buvoinvensi)vae {1 A L AR T, TS SV R § S LML LU 1T 5, SO Rl IStliggtlo June 30,
B R, PE Besnnnnies Mean discharge in second-feet...........cooeoeieiiaiiaaaaaa.. 18?4 to Dec. 31,
892,
Hth A, pt.2..c.nnee Monthly discharge (long-time records, 1871 t0 1893).............. 18%8 to Dec. 31,
893.
D el S i i s Descriptions, measurements, gage heights, and ratings.......... 1893 and 1894.
16th A, pt. 2.. -1 Desoriptive INIorMatidi OBLY. . v o aheetes o s mbs s 8o dizndonnss s
7§ U Descriptions, measurements, gage heights, ratings, and monthly | 1895.
discharge (also many data covering earlier years).
B o O G Gage heights (also gage heights for earlier years)......o...c...... 896.
WthaA pli €0, .. 0o Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(also similar data for some earlier years).
o A SRR Descriptions, measurements, and gage heights, eastern United | 1897.
States, eastern Mississippi River, and Missouri River above
junction with Kansas.
I BHGSR e s mvmioh Descriptions, measurements, and gage heights, western Missis- | 1897.
sippi River below junction of Missouriand Platte, and western
nited States.
19th A, pt. 4..cciaeien Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time records).
b B BT SR i TR Measurements, ratings, and gage heights, eastern Unifed States, | 1898.
eastern Mississippi River, and Missouri River.
G e e (o Measurements, ratings, and gage heights, Arkansas River and | 1898.
western United States.
20th A Db g soseiian Monthly discharge (also for many earlier years)................. 1898.
WS 35 to 39 o Descri?tions, measurements, gage heights, and ratings.......... 1899.
21st A, pt. 4 o MonEIY QSRR ANEE. e v s va s o s esiimnes 4 R st s o e g SR a8 1899.
WS 47 o 52 Descriptions, measurements, gage heights, and ratings.......... 1900.
22d A, pt. 4. | Monthly dischayee. sl o0 o L0l = sedani ool oy B2 X T e 58 1900.
WS 65, 66 Descriﬁvtions, measurements, gage heights, and ratings.......... 1901.
8T, o MODRI Y TISOHATEG ;s < Lo S0 L koo Piraraio s Erosatn A Ak s e D h il 1901.
WS 82 to 85 = COMRDIOEBIANTRG 1.« & oo a5 R e e b wai s dianrsr b e S R s S e e S v i 1902.
B ok ) PR, ) A
WS 124 to 135. 343 M0
WS 165 to 178. e 4 do

WS 201 to 214.

.{ Complete data, except deseriptions........... ...
S~ UoTPIoS GRLH S on.. 05 St d R e e b i s e Sy N

No1eE.—No data regarding stream flow are given in the 15th and 17th annual reports.

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

to 1912.

The data for any particular station will be found in the

reports covering the years during which the station was maintained.
For example, data for any station in the area covered by Part I
are published in Water-Supply Papers 97, 124, 165, 201, 241, 261,
281, 301, and 321, which contain records for the New England

streams from 1903 to 1912.

The year covered by the report is indi-

cated at the head of the column in which the paper is listed.



Numbers of water-supply papers containing results of stream measurements, 1899-1912.

1899 a 1900 b 1901 1902 1903 1904 1905 1906 1907-8 1909 1910 1911

North Atlantic coast (St. John

River to York River)....... 35 47,c48 65,75 82 97 |d124,€125, /126 |d165,€166, f167 |d 201,202, 1203 241 261 281 301
South Atlantic coast and east-

ern Gulf of Mexico (James

River to the Mississippi)....| ¢35,36 48 65,75 | ¢82,83 997,98 126,127 167,168 1 203,204 242 262 282 302
Ohio River basin..... e 36 48,1 49 65,75 98 128 169 205 243 263 283 303
St. Lawrence River and Great

ROl O e e L e 36 49 65,75 482,83 97 129 170 206 244 264 284 304
Hudson Bay and upper Missis-

sipplRiver. ...t o s 36 49 |j65,66, 75 783,85 |798,99,%100 7 128,130 171 207 245 265 285 305
Missouri River............ .| 136,37 | 49,m 50 66, 75 84 k99 130,7 131 172 208 246 266 286 306
Lower Mississip&i River... 37 50 1765,66,75 | 783,84 798,99 7 128,131 7169,173 7 205,209 247 267 287 307
Western Gulfof Mexico. ... 37 50 66, 7 8 99 132 174 210 248 268 288 308
Colorado River.......... 037,38 50 66,75 85 100 133 175,2 177 211 249 269 289 309
Great Basin............... .| 38,439 51 66,75 85 100 133,7 134 176,7 177 212,7 213 (250, 7 251 (270, 7 271 290 310
Pacific coast in California. . 38,839 51 66, 75 85 100 134 177 213 | 251 271 201 311
North Pacific coast............ 38 51 66,75 85 100 135 t177,178 214 252 272 292 312

|

1912

a Rating tables and index to Water-Suply Papers 35-39 contained in Water-Supply Paper 39.
b Rating tables and index to Water-Supply Papers 47-52 and data on precipitation,

for 1900 in Twenty-second Annual Report, part 4.
¢ Wissahickon and Schuylkill Rivers to James River.

d New Enilgmd rivers only. i )
iver to Delaware River, inclusive.

¢ Hudson

7 Susquehanna River to Yadkin River, inclusive.

g James River only.
h Scioto River.

i Lake Ontario and tributaries to St. Lawrence River proper.
J Tributaries of Mississippi from east.

k Hudson Bay only.
? Gallatin River.

m Loup and Platte rivers near Columbus, Nebr., and all tributaries below junction with Platte.

n Platte and Kansas rivers.

o Green and Gunnison rivers and Grand River above
? Below junction with Gila.

¢ Mohave River only.

junction with Gunnison.

 Great Basin in California, excepting Truckee and Carson drainage basins.
s Kings and Kern rivers and south Pacific coast drainage basins.
t Rogue, Umpqua, and Siletz rivers only.

s

Estimates for 1899 in Twenty-first Annual Report, part 4.
wells, and irrigation in Californiaand Utahcontained in Water-Supply Paper 52. Estimates

Al TUVd ‘ZI6T ‘ATddNS YEIVM HOVIIAS



DEFINITION OF TERMS. 9

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 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.

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.

Newport, Ky., Federal Building.

St. Paul, Minn., Old Capitol Building.

Helena, Mont., Montana National Bank Building.
Denver, Colo., 302 Chamber of Commerce Building.
Salt Lake City, Utah, Federal Building.

Boise, Idaho, 615 Idaho Building.

Portland, Oreg., 416 Couch Building.

Tacoma, Wash., Federal Building.

San Francisco, Cal., 505 Custom House.

Los Angeles, Cal., Federal Building.

Sante Fe, N. Mex., Capitol Building.

Honolulu, Hawaii, Kapiolani Building.

A list of the Geological Survey’s publications will be sent on appli-
cation to the Director of the United States Geological Survey,
Washington, D. C.

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 which represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile; and (2) those which represent the actual quantity
of water, as run-off in depth in inches and acre-feet. The units used
in this series of reports are second-feet, second-feet per square mile,
run-off in inches and acre-feet. They may be defined as follows:

‘‘Second-foot” is an abbreviation for cubic foot per second and is the
unit for the rate of discharge of water flowing in a stream 1 foot wide,
1 foot deep, at a rate of 1 foot per second. It is generally used as a
fundamental unit from which others are computed by the use of the
factors given in the following table of equivalents.
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‘““Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained, on
the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off, depth in inches,” is the depth to which 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 in inches.

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

CONVENIENT EQUIVALENTS.

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

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

Discharge in Run-off in inches.
second-feet
per square
mile. 1 day. 28 days. 29 days. 30 days. 31 days.
T 0.03719 1.041 1.079 1.116 1.153
2 .07438 2.083 2.157 2.231 2.306
3 L 11157 3.124 3.236 3.347 3.459
4.8 . 14876 4.165 4.314 4.463 4.612
(b . 18595 5.207 5.393 5.578 5.764
05 22314 6.248 6.471 6. 694 6.917
Ts . 26033 7.289 7.550 7.810 8.070
8.. .29752 8.331 8.628 8.926 9.223
9 .33471 9.372 9.707 10. 041 10.376

Note.—For partial month multiply the values for one day by the number of days.

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

R i 8
Dischatdedi un-off in acre-feet
second-
feat. 1 day. 28 days. 29 days. 30 days. 31 days.
1,983 55,54 57.52 59.50 61.49
3.967 111.1 115.0 119.0 123.0
5.950 166.6 172.6 178.5 184.5
7.934 222.1 230.1 238.0 246.0
9.917 277.7 287.6 297.5 307.4
11.90 333.2 345.1 357.0 368.9
13.88 388.8 402.6 416.5 430.4
15.87 444.3 460.2 476.0 491.9
17.85 499.8 517.7 535.5 553.4

NoTe.—For partial month multiply values for one day by the number of days.



EXPLANATION OF DATA. 11

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 covers 1 square mile 1.131 feet or 13.572 inches deep.

1 second-foot for one year equals 31,536,000 cubic feet.

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

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

1,000,000,000 (1 United States billion) 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.

1,000,000,000 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 equals 4.96 acre-feet.

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

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

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

100 United States gallons per minute equals 0.223 second-feet.

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

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

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

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

1 acre-foot equals 325,850 gallons.

1 inch deep on 1 square mile equals 2,323,200 cubic 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 cubic foot 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 horsepower equals 1 second-foot falling 8.80 feet.

1% horsepower equals about 1 kilowatt.

. Sec.-ft. X fall in feet
To calculate water power quickly: o Xlla et horsepower on water

wheel realizing 80 per cent of theoretical power.

EXPLANATION OF DATA.

For each regular current-meter gaging station the following data
are given: Description of the station, list of discharge measurements,
table of daily gage heights, table of daily discharges, table of monthly
and yearly discharges and run-off. For stations located at weirs or
dams the gage-height table is omitted.
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In addition to statements regarding the location and installation
of current-meter stations, the descriptions give information in regard
to any conditions which may affect the constancy of the relation of
gage height to discharge, covering such points as ice, logging, shifting
channels, and backwater; also information regarding diversions
which decrease the total flow at the measuring section. Statements
are also made regarding the accuracy and reliability of the data.

The table of daily gage heights records 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. The gage height
given in the table represents the elevation of the surface of the water
above the zero of the gage. All gage heights affected by the presence
of ice in the streams or by backwater from obstructions are published
as recorded, with suitable footnotes. The rating table is not appli-
cable 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 and has no rela-
tion to zero flow or the bottom of the river. In general the zero is
located somewhat below the lowest known flow, so that negative read-
ings shall not occur.

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 rating table gives, either directly or by interpolation, the dis-
charge 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 by plotting gage heights in feet as
ordinates and discharge in second-feet as abscissas.

The table of daily discharges gives the discharges in second-feet
corresponding to the observed gage heights as determined from the
rating tables.

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 when the
water surface was at crest height, and the corresponding discharge
was consequently larger than given in the maximum column. Like-
wise, in the column of “Minimum” the quantity given is the mean
flow for the day when the mean gage height was lowest. The col-
umn headed ‘“Mean” is the average flow in cubic feet for each second
during the month. On this the computations for the remaining
columns, which are defined on pages 9-10, are based.

The base data presented in this report, unless otherwise stated in
description of station, have been collected by the methods commonly
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ACCURACY AND RELIABILITY OF DATA. 13

used at current-meter gaging stations and described in standard text-
books.

Plate I shows typical gaging stations. Plate 1l shows the current
meters used in the work.

ACCURACY AND RELIABILITY OF FIELD DATA AND
COMPARATIVE RESULTS.

The accuracy of stream-flow data depends primarily on the natural
conditions at the gaging station and on the methods and care with
which the data are collected. Errors of the first group depend on the
degree of permanency of channel and of permanency of the relation
between discharge and stage.

Errors of the second class are due, first, to errors in observation of
stage; second, to errors in measurements of flow; and, third, to errors
due to misinterpretation of stage and flow data.

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 gen-
eral, that the rating is probably accurate within 5 per cent; “fairly
well defined,” within 10 per cent; “poorly defined” or ‘approxi-
mate’”” within 15 to 25 per cent. These notes are very general and
are based on the plotting of the individual measurements with refer-
ence to the mean rating curve.

The accuracy column in the monthly discharge table does not
apply to the maximum or minimum nor to any individual day, but to
the monthly mean. It is based on the accuracy of the rating, the
probable reliability of the observer, 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 foot-
notes.

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, and
they should, therefore, be considered as only approximate, particu-
larly for periods of irrigation or of low water. For these errors it is
as a rule not feasible to make adequate correction.

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 examining and adjusting to his own
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needs the results of the computations. The table of monthly dis-
charge 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 determinations of daily discharge allow more detailed studies of
the variation in flow by which the period of deficiency may be deter-
mined.

It should be borne in mind that the observations in each succeeding
year may be expected to throw new light on data already collected
and published, and the engineer who makes use of the figures pre-
sented in these papers should verify all ratings and make such adjust-
ments for earlier years as may seem necessary.

COOPERATION.

The work in Minnesota during 1912 has been done with State
cooperation 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.

The work has been carried on in conjunction with the State Drain-
age Commission, George A. Ralph, chief engineer.

Assistance has been rendered by the Oliver Iron Mining Co., who
paid salary of observer on Menominee River near Iron Mountain,
and to H. G. Roby, resident engineer of the Peninsular Power Co.,
for assistance and information.

The gaging stations on the Wolf River in the Menominee Indian
Reservation were maintained in cooperation with the Office of Indian
Affairs, under an allotment made available January 1, 1912.

Cooperation with the State Water Supply Commission of New
York was made possible by the provisions of the Fuller bill, chapter
569, laws of 1907, and carried on under agreements between the
State Water Supply Commission and the United States Geological
Survey. New York State cooperation, under the direction of the
State engineer and surveyor, has been carried on under agreements
authorized by an act of the State legislature, being paragraph 11 of
chapter 420, laws of 1900.

Special acknowledgment is also due to the board of water commis-
sioners, Auburn, N. Y., J. Walter Ackerman, chairman.

The work in Vermont during 1912 has been done in cooperation
with the State of Vermont, Allen M. Fletcher, governor,
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DIVISION OF WORK.

The field data in the Lake Superior and part of Lake Michigan
drainage basins were collected under the direction of W. G. Hoyt,
district engineer, by S. B. Soulé.

The field data in the Lake Michigan, Llake Huron, and Lake Erie
drainage basins were collected under the direction of A. H. Horton,
by P. S. Monk.

The field data in the St. Lawrence drainage basin in New York and
Vermont were collected under the direction of C. C. Covert, by
O. W. Hartwell, G. H. Canfield, C. S. De Golyer, Frank Weber,
dJ. G. Mathers, and R. S. Barnes.

The ratings, special estimates, and studies of the completed data
for stations outside of New York and Vermont were made by A. H.
Horton, W. G. Hoyt, H. J. Jackson, and J. G. Mathers.

The computations were made under the direction of H. J. Jackson
by H. D. Padgett, C. L. Batchelder, and M. I. Walters.

The ratings, special estimates, and studies of the completed data
for stations in New York and Vermont were made by C. C. Covert,
O. W. Hartwell, and J. G. Mathers. The computations were made
under the direction of O. W. Hartwell, by J. G. Mathers, G. H. Can-
field, C. S. De Golyer, Frank Weber, and R. S. Barnes.

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

STREAMS TRIBUTARY TO LAKE SUPERIOR.

POPLAR RIVER AT LUTSEN, MINN.

Location.—About 800 feet above mouth of river in sec. 34, T. 60, R. 3 W.
Records available.—May 6 to November 4, 1911; August 22 to December 31, 1912.
Drainage area.—144 square miles.

Gage.—From May 16 to November 4, 1911, the readings were taken from a staff gage
about 400 feet above the mouth of the river. On August 26, 1912, a staff gage
was bolted to the rock wall on the right bank about 800 feet above the mouth and
in a pool between two distinct falls.

Channel.—The bed at the old site is heavy gravel; that at the new site is solid rock
and the control point is the rock crest of the falls below.

Winter flow.—Because of the nature of the control below, ice will probably not cause
excessive backwater. .

Artificial control.—The flow of the river is controlled to some extent by two dams
above the station, the nearest being that of the National Paper & Pulp Co., 2}
miles above the mouth of the river.

Accuracy.—Between May 6 and November 4, 1911, the relation between gage height
and discharge at the gage section was at times affected by backwater from deposits
of gravel washed up into the mouth of the river during storms on Lake Superior.
The present gage is so located that, except for temporary drift lodging on the
rapids below, the records should be reliable,
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The following discharge measurement was made by S. B. Soulé:
August 22, 1912: Gage height, 1.00 feet; discharge, 25.4 second-feet. Measure-
ment made at wading section about 200 feet below gage. Old gage read 13.07 feet.
Daily gage height, in feet, of Poplar River at Lutsen, Minn., for 1912.

[C. A. A. Nelson, observer.]

@]
2

Day. Aug. | Sept. . | Nov.| Dec. Day. Aug. | Sept.| Oct. | Nov. | Dec.
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BEAVER BAY RIVER AT BEAVER BAY, MINN.

Location.—Bridge at Beaver Bay a few hundred yards above the mouth of the river.

Records available.—July 26, 1911, to December 31, 1912.

Gage.—Staff, read from July 26, 1911, to April 9, 1912, when it was washed away.

On April 22, a chain gage was fastened to the steel highway bridge. The chain
gage is in the same section and is referred to the same datum as the staff gage.
Channel.—Practically permanent; bank high and rocky; bed and control point solid

rock.

Winter flow.—Measurements made during the winter season of 1911 and 1912 show
that the control point remains open and that the open-water rating curve is appli-
cable throughout the year except at certain times noted under ‘‘Accuracy.”

Accuracy.—At times of exceptionally high sea on Lake Superior a bar is formed,
causing backwater at the gage, which lasts as long as the high sea is running.
When the lake becomes normal the water washes through the bar and the regular
rating curve applies. This condition has occurred once since the station was
established, during the month of December, 1912. Except for such periods the
records should be good.

Discharge measurements of Beaver Bay River at Beaver Bay, Minn., in 1912.

) Gage Dis-
Date. Hydrographer. height. | charge.

Feet. | Sec.feet.
13.

Jan . Al B B Ol S e s <e = Arals i A e e s b SRR AR 3 S Ee e 0.75 iy
Mar. 2 .66 8.0
.66 7.5
.66 7.0
- .65 7.9

Apr. o= 2.91 256
ATE, 2301 W Gy HOF s o vciv s wommsn s spam ns Subemam s s s s S st o wiasm o alsn wraie ara e .85 15.5

a Made by wading at various sections above gage.
b Made from boat about 750 feet below gage.
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Daily discharge, in second-feet, of Beaver Bay River at Beaver Bay, Minn., for 1911-12.

Day. July. | Aug. | Sept.| Oct. | Nov.| Dec. Day. July.| Aug. | Sept.| Oct. | Nov.| Dec.

132
100
82
87

Nore.—Daily discharge computed from a rating table well defined between 7 and 132 second-feet (gage
heights 0.5 and 2.3 feet), fairly well defined between 152 and 305 second-feet (gage heights 2.4 and 3 feet).
Above 305 second-feet (gage height 3 feet) the curve is an extension and above discharge 680 second-feet
(gage height 4 feet), is subject to an error of about 10 per cent. Discharge Nov. 17, 1911, to Mar. 31, 1912,
computed from semi-weekly gage heights. Ordinarly ice has no effect upon relation of gage height to
discharge at this station. ischarge Dec. 1 to 31, 1912, estimated, because of bar and ice, from weekly gage
heights, climatologic records, and discharge measurement made Jan. 14, 1913. Mean discharge Dec. 1 to 31,
1912, estimated 10 second-feet, varyin% from about 6 to 23 second-feet. Daily discharge Apr. § to 9, 1912,
estimated from observer’s notes as to height of water surface above top of gage,



STREAMS TRIBUTARY TO LAKE SUPERIOR. 19

Monthly discharge of Beaver Bay River at Beaver Bay, Minn., for 1911-12.

[Drainage area, 120 square miles.]

Discharge in second-feet. dRmE? 1
epth in
Month. ;%nc es on Accu-
Per drainage |T3¢Y-
Maximum. | Minimum. | Mean. | square oy ea)g
mile. ¢
1911. A
129 1.08 1.24 | A
218 1.82 2.03 | B
111 .925 167 | B
71.6 597 467 | C
37.6 .313 .36 | B
20 .167 .19 | B.
10 .083 .09 | B.
7 .058 .07 | C.
527 4.39 4.90 | C.
458 3.82 4.40 | C.
149 1.24 1.38 | B.
16.2 .135 -16-1- C,
26.3 .219 25| B.
67 . 558 62| A.
37.9 .316 36 | B.
21.6 .180 20 | B.
10 .083 10 | C.
112 933 12.72

a Estimated.
NorEe.—See footnotes to table of daily discharge.

ST. LOUIS RIVER NEAR THOMSON, MINN.

Location.—Just below the tailrace of the Great Northern power house, 3 miles east
of Thomson in sec. 11, T. 48 N., R. 16 W.

Records available.—October 5, 1909, to December 31, 1912.

Drainage area.—3,420 square miles.

Gage.—Chain, read four times each day (except Sunday), at 8 and 11 a. m., 2and
5 p. m. Average of four readings taken as the mean for the day; datum of gage
unchanged.

Channel.—Practically permanent at low stages; at high stages may shift slightly, as
shown by the 1912 discharge measurements.

Discharge measurements.—Made from a cable 1,500 feet below the staff gage.

Artificial control.—The flow at the station is to a certain extent regulated by reser-
voirs above. The dam at Thomson is designed to hold 24 hours’ supply of water
for the power plant, and logging dams control the discharge from a large part of the
entire area above the station. The gage heights show considerable fluctuation
caused by the operation of the turbine gates at the power plant, which is operated
on a 24-hour schedule, though with varying load.

Winter flow.—Previous to November, 1910, the relation of gage height to discharge
at this station was probably not materially affected by ice. During 1911 and 1912
it has been found that the presence of ice renders the gage heights useless as an
indication of discharge. During such periods the estimates of flow have been
furnished by the Great Northern Power Co., computed from the amount of water
passing through their turbines.

Accuracy.—The daily estimates are liable to errors due to fluctuation in the stage
caused by the operation of the power house. The daily range in stage is not great,
however, and it is believed that errors will compensate for a month, so that the
monthly averages should be accurate within 10 per cent. No statement is avail-
able relative to the accuracy of the records furnished by the power company.
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The discharge measurement made May 17, 1912, indicates that the discharge rating
table (based on discharge measurement made Apr. 15, 1911) used to compute
the values of daily discharge published in Water-Supply Paper 304, page 20,
gave discharges too large above 7,000 second-feet as follows: At 7,000 second-feet,
about 4 per cent large; at 8,000 second-feet, about 7 per cent large; at 9,000
second-feet, about 9 per cent large; at 10,000 second-feet, about 11 per cent
large; at 11,000 second-feet, about 12 per cent large.

Cooperation.—Gage heights throughout the year and records of flow when ice affects
the relation of gage height to discharge are furnished through the courtesy of the
Great Northern Power Co., of Duluth.

Discharge measurements of St. Louis River near Thomson, Minn., tn 1912.

Gage Dis-
Date. Hydrographer. height. | charge.
Feet. | Sec.feet.
1nh e N T Tl SRR R S i e i e G s e SRR R 5.67 9,580
June 26 | W. G. Hoyt 2.47 2,720
AU, G LBB DO o L sne il b s y/mme s en A Soniin 5 fimim i Ron A B 5 kS .46 574

Daily gage height, in feet, of St. Louis River near Thomson, Minn., for 1912.

[Gus Forsell, observer.]

Day. Apr. | May. | June. | July. Aug Sept Oct Nov.
4.2 5.3 1.8 3 B I B e 1.2 1.0
3.8 4.4 1.5 I e 1.4 .95
4.9 4.5 1.3 50 0.70 154 pfl. KRN
5.3 4.6 2 ] A . 1.4 .8
6.1 4.3 2.0 .60 1.4 .75
6.7 3.9 1.35 .55 oL, B e .8
7.0 3.8 1.1 .65 .90 1.35 .8
6.2 3.4 .50 .50 .90 1.3 .75
GRS DTS 1.3 .45 1.2 1.15 8
5.8 2.6 .85 .55 157 P ] s §
6.0 2.3 SRRl 1.8 1.1 .8
5.7 2.9 1.2 .85 1.9 1,1 .75
5.6 2.7 1.9 .78 LR e .85
5.1 B0 0t et .65 1.8 1.15 .75
5.6 2.4 1.05 5T SRR A1 SR
5.3 2.8 2.3 .4
5.7 3.9 2.3 i
5.2 3.9 2.4 .0
4.5 3.7 2.1 5 4
4.8 3.4 2.0
4.5 3.4 [eeneiese
4.0 3.7 .90

................ 1.8

........ 2.9 2.1
4.0 3.0 1.5
3.8 2.6 .90
4.3 2.1 .75
5.2 1.9 .02
5.3 (5 e
5.0 1.6 .50
(0 PR .50
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Daily discharge, in second-feet, of St. Louis River near Thomson, Minn., for 1912.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
| B AT R T 372 379 387 | 1,040 | 5,910 | 8,630 | 1,830 | 1,610 693 | 1,180 | 1,000 523
S SRS 379 361 398 | 1,140 | 5,050 | 6,370 | 1,500 | 1,610 716 | 1,390 955 482
422 336 403 | 1,340 | 7,590 | 6,600 | 1,280 600 740 | 1,390 890 622
340 407 | 1,610 630 | 6,840 | 1,500 635 670 | 1,390 820 599
344 | 407 | 2,070 [10,700 | 6,140 [ 2,070 | 670 | 820 | 1,390 | 780 | 519
341 382 | 2,910 (12,300 | 5,260 | 1,340 635 910 | 1,360 820 397
339 393 | 2,480 (13,200 | 5,050 | 1,090 635 910 | 1,340 820 426
331 382 | 2,480 |11,000 | 4,250 600 910 | 1,280 780 378
330 388 | 2,620 (11,300 | 3,580 | 1,280 565 | 1,180 | 1,140 820 370
330 375 | 2,340 | 9,930 | 2,910 635 | 1,720 | 1,280 820 390
261 336 | 2,480 |10,400 | 2,480 820 780 | 1,830 | 1,090 820 390
196 327 | 2,480 | 9,670 | 3,380 | 1,180 865 | 1,950 | 1,090 780 358
338 | 343 | 2,300 9,410 | 3,060 | 1,950 | 804 | 1,950 | 1,120 | 865 | 246
326 342 | 2,120 | 8,110 | 3,540 | 1,500 705 | 1,830 | 1,140 780 375
328 364 | 1,950 | 9,410 | 2,620 | 1,040 635 | 1,830 | 1,040 720 372
| RS R e 355 329 384 | 1,950 | 8,630 | 3,220 | 2,480 565 | 1,830 | 1,390 670 385
L e e AP SR 310 320 417 | 1,950 | 9,670 | 5,260 | 2,480 530 | 1,610 | 1,090 670 463
y LR R RN 309 240 411 | 1,830 | 8,370 | 5,260 | 2,620 565 | 1,500 | 1,040 670 390
sl 314 171 399 | 1,610 | 6,600 | 4,840 | 2,200 600 | 1,500 | 1,090 586 406
ORI A 283 346 425 | 1,830 | 7,330 | 4,250 | 2,070 | 330 | 1, 1,400 | 392 | 423
I S 343 | 333| 418 1,800 6,600 | 4,250 [ 1,490 | 330 | 1,340 | 1,720 | 437 | 406
AR 439 (1,950 | 5,470 | 4,840 | 910 | 955 | 1,120 | 2,480 | 437 | 428
o T A 447 | 2,620 | 5,470 | 4,110 | 1,830 | 530 | 910 | 2,340 | 374 | 395
v PR, e e 471 | 1,830 | 5,470 | 3,380 | 2,200 530 865 | 1,610 330 401
e s 442 | 1,720 | 5,470 | 3,540 | 1,500 | 450 | 1,090 | 1,090 | 426 | 426
o Sty T P G 452 | 2,910 | 5,050 | 2,910 910 370 | 1,000 865 429 428
B s it S 465 | 4,440 | 6,140 | 2,200 780 955 910 880 432 342
o LR e S 553 | 5,470 | 8,370 | 1,950 338 600 | 1,040 910 330 360
1 (R S e, 656 | 8,110 | 8,630 | 1,610 469 670 | 1,090 | 1,090 330 331
T R 675 | 5,690 | 7,850 | 1,610 | 600 | 670 | 1,140 | 1,000 | 330 | 361
e e . Lo Vil {Sapie s T3 SOUFIRE. 5 600 870 | tioes 1,000 |....: o 310

Nore.—Daily discharge computed from a rating curve well defined between 530 and 10,400 second-feet
(gage heights 0.4 and 6 feet). ischarge Jan. 1 to Mar. 30, and Dec. 1 to 31, estimated, because of ice, from
kilowatt output at Great Northern Power plant é)lus water passing over dam. Table as published for
this period furnished by Great Northern Power Co., of Duluth. Discharge interpolated for days when
gage was not read.

Monthly discharge of St. Louis River near Thomson, Minn., for 1912.

[Drainage area, 3,420 square miles.]

Discharge in second-feet. (gun_oﬁ
epth in
Month. inclll)es on [Accu-
Per arsi racy.
Maximum. | Minimum. | Mean. | square | “'2iNage
mile. area).
i g TR RE RN . M T 1,330 283 493 0.144 0.17
February..... 402 171 334 098 11
March. 724 327 433 .127 15
April. 8,110 1,040 2,570 751 .84 | C.
May . 13,200 5,050 8,240 2.41 2.78 | B.
June 8,630 1,610 4,130 1.21 1.35 | B.
Juby. .. o e se it v AR S AR GA A 2,620 338 1,400 .409 .47 | B.
FLh 1 e SRR S RS SR e 1,610 330 687 .201 .23 | B.
Behtepilior oc . de bl Sl s ves dhiieen 1,950 670 1,230 . 360 .40 | B.
(s 70 e e SR R W NI SR 2,480 865 1,280 .374 .43 | B.
DOVEIRDEE . 5ty Ll e watrnis s iwmc i s h 1,000 330 644 .188 421 e,
PIRCHINDRE s 5o =08 S 250 n e alen it e aleibmnle 622 246 410 .120 .14
RO YORT . &2 2as weviia s imsmm s nn sin 13,200 171 1,830 .535 7.28

Nore.—See footnotes to table of daily discharge.

WHITEFACE RIVER AT MEADOWLANDS, MINN.

Location.—At the highway bridge at Meadowlands, in sec. 14, T. 53 N., R. 19 W_,
half a mile below the nearest tributary, a small stream entering from the east.

Records available.—June 7, 1909, to December 31, 1912.

Drainage area.—442 square miles.
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Gage.—Vertical staff; datum unchanged since establishment.

Channel.—Shifting at bridge, nearly permanent at control section.

Discharge measurements.—Made from highway bridge except during extremely
low water, when wading measurements are made.

Regulation.—The flow is controlled to a large extent by logging dams above. The
opening and shutting of the gates of these dams causes fluctuations in gage
heights of several feet at the gaging station.

Accuracy.—Logs collect on the control section some 2 miles below the gage, causing
a varying amount of backwater at the gage. Prior to 1912 the flow during such
periods of the year has been computed from a number of rating curves, some of
which have been applied indirectly. During 1912 the flow during periods of
backwater has been computed, using gage height at a chain gage established
below the rapids applied to a rating curve which has been developed for that point.

Discharge measurements of Whiteface River at Meadowlands, Minn., in 1912.

Date. Hydrographer. hgiz%\et. CIE;Ze. Date. Hydrographer. hg'iag ¥y ehlg,lrze.
Feet. | Sec.feet. Feet. | Sec.-feet.
Apr. 24 4.24 163 || Aug.1l¢| 8. B, Soulé......... 3.51 44
May 18a|. 7.10 966 ¢ fe{ | PN (R SRR 3.50 45
Aug. 11b 3.52 38
a Lower gage 4.17. ¢ Lower gage 1.80.
b Lower gage 1.80. Current very sluggish. d Lower gage 1.79.

Daily gage height, in feet, of Whiteface River at Meadowlands, Minn., for 1912.

[A. F. Johnson, observer.]

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov.
6.0 6.2 4.2 3.5 3.8 4.2 3.5
6.0 6.8 4.1 3.5 3.8 4.1 3.5
8.7 6.6 4.0 3.4 3.8 4.1 3.5
9.2 6.3 4.0 3.4 3.8 4.0 3.5
9.3 6.0 4.0 3.4 3.8 4.0 3.5
9.0 5.9 3.8 3.4 3.8 4.0 3.5
9.1 5.8 3.7 3.4 3.8 3.9 3.5
8.7 5.8 3.6 3.4 3.8 3.8 3.5
i) 5.6 3.6 3.4 3.8 3.8 3.5
7.2 5.5 3.6 3.5 3.8 B8 | BN
7.4 5.4 3.8 3.5 3.8 3.8
7.9 5.3 3.8 3.5 3.8 3.8
6.9 5.2 3.7 3.5 3.8 3.8
7.8 5.6 3.8 3.5 3.7 3.75
7.2 6.3 3.8 3.5 3.7 3.7
7.8 w1 3.8 3.45 3.7 3.6
6.9 7.6 3.8 3.45 3.7 3.65 |.

6.8 God 3.8 3.4 a7 3.65 |.
7.2 7.3 3.8 3.4 3.7 3.6 |-
6.9 7.0 3.8 3.4 3.7 3.6
7.2 6.4 3.8 3.45 Q7 3.6
qal 6.0 3.8 3.45 3.7 3.6 |-
7.3 5.7 3.7 3.45 3.7 3.6 |.
7.3 5.5 3.6 3.5 3.7 3.6 |.
6.5 5.4]" 3.6 3.65 Bl 3.56
6.5 5.2 3.6 3.8 3.8 3.65 |.caenoa.
7.5 4.8 3.6 3.6 3.8 3.5
75 4.6 3.6 3.65 4.1 3.5
8.1 4.4 3.5 3.7 4.4 3.5
V(%] 4.2 3.5 3.8 4.3 3.5
{40 1 B T 3.5 R R [ e 3.5

Nore.—Relation of gage height to discharge affected by backwater from log jams aboﬁt Apr. 27 to May 9.
11, 12, 14 to 17, and 19 to 31.
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Daily discharge, in second-feet, of W hiteface River at Meadowlands, Minn., for 1912.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
151 50 90 151 50
- 135 50 90 135 50
120 40 90 135 50
120 40 90 120 50
120 40 90 120 50
90 40 90
76 40 90
62 40 90
62 40 90
62 50 90
90 50 90
90 50 90
76 50 90
90 50 76
90 50 76
90 45 76
90 45 76
90 40 76
90 40 76
90 40 76
90 45 76
90 45 76
76 45 76
62 50 76
62 69 76
62 90 90
62 62 90
62 69 135
50 76 187
50 90 169
50 90 o, 200

Nore.—Discharge Apr. 27 to May 9, May 11, 12, 14 to 17 and 19 to 31 estimated because of log jams from

flow of Whiteface River below Meadowlands, Minn.

Mean discharge May 1 to 9 estimated 920 second-feet.
Mean discharge May 14 to 17 estimated 760 second-feet.
Mean discharge May 19 to 31 estimated 820 second-feet.

Backwater from ice probably began about Nov. 18.

Monthly discharge of Whiteface River at Meadowlands, Minn., for 1912.

[Drainage area, 442 square miles.]

isch: i nd-feet.
Discharge in second-feet (F‘mﬁoﬁ
epth in
Month. Por <incll)les on ?:ccu-
. g drainage .
Maximum. | Minimum. | Mean. square area)
mile. ‘
APLAGR0 L « o ke a, et el L el M a 500 160 276 0.624 0.49 | B.
L T T [ s SR ST S 865 1.96 2.26 | B,
REEs A R SRR 4ot 1,220 151 591 1.34 1.50 | A.
FRN cit s bvinnes anaso g 151 50 83.9 .190 .22 | B.
LY T R R SUIR Y JES o 90 40 52.3 .118 .14 | C.
September............. AN 187 76 91.8 .208 .23 | B.
October........ o 151 50 81.3 .184 .21 1 B
November 1-9 50 50 50 .113 .04 | C.

a Estimated.

Nore.—See footnotes to tables of daily gage height and daily discharge.
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WHITEFACE RIVER BELOW MEADOWLANDS, MINN.

Location.—About 2} miles below the gaging station on Whiteface River at Meadow-
lands, half a mile below the beginning of decided rapids and about 10 miles above
the confluence of Whiteface and St. Louis rivers.

Records available.—April 28 to November 18, 1912.

Drainage area.—446 square miles.

Channel.—Heavy gravel and rocks; probably permanent.

Discharge measurements.—Made by wading and from the highway bridge in
sec. 14, T. 83 N., R. 19 W., at which is located the gage of the station on White-
face River at Meadowlands.

Regulation.—The flow is controlled to a large extent by logging dams above.
The operation of these gates causes fluctuation in gage heights of several feet at
the gage section.

Accuracy.—The channel is permanent and few logs lodge below the section, so that
backwater is seldom present except from ice. Measurements made during 1913
show that the 1912 curve is reliable. The records should therefore be good.

Daily gage height, in feet, of Whiteface River below Meadowiands, Minn., for 1912.

[A. A. Jochim, observer.]

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct Nov.
3.65 4,05 2.5 157 2.2 2.6 1.81
3.25 4.4 2.45 171 2.25 2.55 1.74
3.45 4.3 2.4 1.69 2.2 2.45 1.72
4.5 4.1 2.35 1.65 2.2 2.4 1.82
5.1 4.0 2.3 1.65 2.15 2.35 1.72
5.2 4.0 2.25 17 2.3 2.3 1.80
5.2 3.9 2.2 1.75 2.5 2.2 1.80
5.2 3.75 2.2 1.70 2,55 2.25 1.80
5.0 3.4 2.2 1.74 2.55 2.15 1.80
4.8 3.45 2.1 1.81 2.45 2.1 1.80
4.8 3.35 2.0 1.81 2.3 2.1 1.80
4.8 3.35 2.05 1.79 2.2 2.05 1.81
4.6 3.3 2.15 1.78 2.2 2.1 1.81
4.3 3.35 2.35 1.72 2.1 2.05 1.78
4.4 3.6 2.4 1.7 2.1 2.05 1.66
4.7 5.0 2.4 1.71 2.1 2.0 1.72
3.75 5.2 2.4 1.81 2.05 2.0 1.70
4.7 5.1 2.3 1.79 2.05 2.1 1.71
4.4 5.0 2.2 1.79 2.05 p It B
4.3 4.7 2.1 1.80 1.96 THOR A s A0S
4.0 4.3 2.0 1.76 2.05 ¢ 50 P P
4.1 4.0 1.94 1.70 2.05 192
4.2 3.7 1.98 1,71 2.0 1089 10
4.1 3.45 2.0 1.7k 1.96 I e
3.95 3.25 1.96 1.70 2.05 75 SR O
3.35 3.15 1.91 L72 2.1 1.84
4.8 2.9 1.84 1.78 2.2 1.82 |.

5.4 2.8 1.82 1.81 2.35 1.82 |.
5.1 2.6 1.88 1.85 2.5 1.82 |.
4.8 2.5 1.76 2.0 2.6 1.82 |.
L ) PR 1.68 a0 1P| T SRR 1.82 |.
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Daily discharge, in second-feet, of Whiteface River below Meadowlands, Minn., for 1912.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov.
142 42 86 166 46
131 40 94 154 42
120 40 86 131 41
111 38 86 120 46
102 38 79 111 41
94 41 102 102 45
86 42 142 86 45
86 40 154 94 45
86 42 154 79 45
72 46 131 72 45
60 46 102 72 45
66 44 86 66 46
79 44 86 72 46
111 41 72 66 44
120 40 72 66 38
120 40 72 60 41
120 46 66 60 41
102 44 66 72 40
86 44 66 5 PR
72 45 56 ) AR
60 43 66
55 40 66
58 40 60
60 40 56
56 40 66
52 41 i’

47 44 86
46 46 111
50 48 142
43 60 166
39 2 e, g

Note.—Daily discharge computed from a fairly well defined rating curve which was determined from
a gage height comparison with gage at Meadowlands in conjunction with discharge measurements made

May 18 and Aug. 11, 1912,

Monthly discharge of Whiteface River below Meadowlands, Minn., for 1912.

[Drainage area, 446 square miles.]

Discharge in second-feet.
: ot
€ n b
Month. Per inchte bt ‘:::c"“‘
; - drainage -
Maximum. | Minimum. | Mean. | square area)
mile. ¥
1,390 356 865 1.94 228 | A,
1,260 142 482 1.30 1.45 | B.
142 39 81.7 .183 .21 | B.
72 38 43.8 .098 oA
166 56 91.6 .205 .23 | B.
166 46 74.2 .16 .19 | B.
46 38 43.4 .097 .06 | B.
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CLOQUET RIVER AT INDEPENDENCE, MINN.

Location.—At the highway bridge at Independence post office in sec. 26, T. 52 N.,
R. 17 W., just below a small tributary entering from the north.

Records available.—June 28, 1909, to December 31, 1912.

Drainage area.—698 square miles.

Gage.—Vertical staff; datum unchanged since establishment.

Channel.—Practically permanent except when affected by log jams.

Discharge measurements.—Made from bridge.

Winter flow.—Affected by ice. See footnote to table of daily discharge.

Artificial control.—Cloquet River is used extensively for log driving, and the
run-off from by far the greater part of the drainage area above Independence is
controlled by logging dams. This control causes violent fluctuations in the gage
heights during the day, amounting at times to several feet, and consequently
the mean daily gage height which is the mean of three readings taken morning,
noon, and night, can be considered only approximate. The chief purpose of the
records is to show the approximate mean monthly discharge and total discharge.

Accuracy.—The wing dam of logs which was placed in the river below the gage in
1911 was removed June 5, 1912. Measurements made after June 5, 1912; indicate
that conditions have changed slightly from what they were before the dam was
installed. The winter records are very good. For open-water accuracy see note
under ‘‘artificial control.”

Cooperation.—Records of flow from the logging reservoirs were furnished by the
Great Northern Power Co. of Duluth for the periods January 1-March 31, and
December 1-31, 1912.

Discharge measurements of Cloquet River at Independence, Minn., in 1912.

Date. Hydrographer. hgiag et. c}ParIZe.

Feet. | Sec.-feet.

Jane u1dal BB BoUIGT. ik s n s e i R O R Ik G 6.17 87.8
Feb. 24 do... 7.03 180
Mar. 7.42 267
May 6.55 946
Aug. 4.84 264

Sept. 3.96 71.1

29, 3.96 62.0

8 gg(;onéplete ice cover. Average thickness of ice 1.95 feet. Average distance water surface to top of ice,
.28 feet.
i 3?1?01?1)1%3 ice cover. Average thickness of ice 3.08 feet. Average distance water surface to top of ice,
.31 feet.
8 lcs(lforril;plete ice cover. Average thickness of ice 3.09 feet. Average distance water surface to top of ice,
.16 feet.
d Wing dam of logs has been removed.
e Wading, 1,100 feet above gage.
f Wading, 1,300 feet above gage.
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Daily gage height, in feet, of Cloquet River at Independence, Minn., for 1912.

[Herbert Haakensen, observer.]
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Nore.—Relation of gage height to discharge affected by ice Jan. 1 to Apr. 13, and Nov. 22 to Dec.
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Daily discharge, in second-feet, bf Cloquet River at Independence, Minn., for 1912.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov.
1,530 274 60 193 85 257
1,930 179 152 165 179 208
2,250 845 370 152 257 224
2,170 | 1,080 415 165 330 224
1,690 274 370 152 350 224
2,390 208 330 140 392 224
2,250 700 440 165 415 257
1,180 350 392 193 330 257

440 240 465 208 311 240
193 465 274 224 292 179
1,600 | 1,370 240 311 274 129
1,370 | 1,000 224 311 257 152
1,850 240 208 330 240 118
440 808 224 292 224 100
208 | 2,820 152 240 224 92
193 | 3,120 208 208 193 64
208 | 2,970 274 274 224 85
193 | 1,720 257 257 208 73
165 | 1,480 179 208 193 92
370 240 193 257 | 1,040 85
700 118 140 240 | 1,600 79
1,000 | 2,250 118 2241 1,480 |........
635 | 1,080 118 2048 [ 10708 Kes Sk
920 700 92 224 920 |........
700 415 85 257 20N = W
415 193 79 257 8Bt
224 129 73 292 Ll e
257 79 73 292 5487}, . e de
440 62 152 129 BI0 | oot
257 58 152 79 202 [..oubis
2y280 oo r. 55 179 |ononaicon 207 |iaeccns

Nore.—Daily discharge computed from two rating tables well defined between 60 and 2,000 second-feet.
On June 5, 1912, the wing dam below the bridge was entirely removed. One rating table applies prior to

this date, and the other subsequent to it.

Discharge Jan. 1 to Apr. 13 and Nov. 22 to Dec. 31 estimated, because of ice, from discharge measurements
and records of daily flow (Jan 1 to Mar 31 and Dec. 1 to 31), at outlet of Fish Lake reservoir. sec. 29, T. 52 N.,
R. 15 W., and Island Lake reservoir, sec. 15, T. 52 N., R. 15 W., furnished by Great Northern Power Co.

Mean discharge Jan. 1 to 6 estimated 200 second-feet, varying from about 126 to 260 second-feet.

Mean discharge Jan. 7 to 15 estimated 90 second-feet, varying from about 85 to 95 second-feet.

Mean discharge Jan. 16 to Feb. 2 estimated 155 second-feet, varying from about 135 to 200 second-feet.

Mean discharge Feb. 3 to 15 estimated 100 second-feet, varying from about 85 to 125 second-feet.

Mean discharge Feb. 16 to 27 estimated 170 second-feet, varying from about 140 to 200 second-feet.

Mean discharge Mar. 1 to 31 estimated 190 second-feet.

Mean discharge Apr. 1 to 13 estimated 170 second-feet, varying from about 90 to 250 second-feet.

Mean discharge Nov. 22 to 30 estimated 92 second-feet, varying from about 90 to 95 second-feet.

Mean discharge Dec. 1 to 31, estimated 130 second-feet.

Monthly discharge of Cloquet River at Independence, Minn., for 1912.

[Drainage area, 698 square miles.]

i i ond-feet.
Discharge in sec: (5{““;’ ﬂ
epth in 5
Month. Per inches on ‘};g;‘
Maximum. | Minimum. | Mean. | square d’g;g:;‘ge
mile e

BEY T i R ORI S e e R 150 0.215 0.25 | D.
February. 140 .201 .22 | D.
March................ 190 .272 .31 | C.
0.9 el T 318 .456 .51 | C.
MAY. oo i g 1,320 1.89 2.18 | A.
JINe. o lciine 939 1.35 1.51.1¥B.
JUNY - e bvnne s 823 1.18 1.36 | B.
Angusto oo - oo 216 .309 .36 | A.
September 222 .318 .35 | A.
October.............. 487 . 698 .80 | B.
November 140 .201 .22 | C.
BeCOmber. .. - st s denae nb e e 130 .186 .21 | D.

The year 425 . 609 8.28

Note.—See footnotes to tables of daily gage height and daily discharge.
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STREAMS TRIBUTARY TO LAKE MICHIGAN.

ESCANABA RIVER NEAR ESCANABA, MICH.

Location.—At highway bridge between Escanaba and Gladstone, Mich., about 9
miles north of Escanaba and 4 miles above mouth of river, T. 40 N., R. 23 W.,
at quarter-section corner between secs. 24 and 25.

Records available.—August 25, 1903, to March 31, 1909; June 1, 1909, to December
31, 1912. Discharge measurements only April, May, and July, 1903.

Drainage area.—800 square miles.

Gage.—Standard chain, attached to bridge; new gage installed November 15, 1910.

Channel.—Probably permanent.

Discharge measurements.—Made from downstream side of bridge.

Winter flow.—Affected by ice which exists some years for nearly 4 months.

Accuracy.—Relation between gage height and discharge, during the logging season,
affected by backwater from log jams. All gage readings for 1912 are correct,
provided the new chain (installed Nov. 15, 1910) has not stretched, and pro-
vided, also, that the structure to which the gage is attached has not changed since
July 16, 1908.

’

Daily gage height, in feet, of Escanaba River near Escanaba, Mich., for 1912.

[Miss Olive Beauchamp, observer.]

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
i 4.1 4.3 3.6 2.1 2.2 3.1 2.4 2.7 4.4
2. 4.3 4.1 3.3 2.0 2.1 3.2 2.5 2.7 3.9
3. HT 8 O B (R B R T SRR R T
4. 5.2 4.0 3.2 2.2 2.1 3.1 2.6 2.6 3.6
5. 5.4 4.4 3.1 2.1 2.0 2.9 2.6 2.7 3.5
.5 4.6 3.1 2L 2.1 2.8 2.5 2.6 3.4
4.9 3.0 2.2 2.3 2.6 2.5 2.6 3.4
4.8 2.9 2.5 2.6 2.6 2.4 1 B S
.6 4.8 2.9 2.5 3.0 2.8 2.4 2l P
.5 4.3 2.8 2.4 3.3 2.9 2.5 2. @i =
.1 4.3 2.7 2.6 3.8 2.9 25 et S
.3 4.0 3.0 2.4 3.9 3.0 2.6 2.7 loieus .
< B 4.0 3.5 2.3 3.7 2.9 3.7 Ll D
K. 3.7 3.5 2.2 3.6 3.0 3.7 il it
% 3.5 3.4 2.2 3.3 2.8 3.6 2.3
5.4 3.3 3.3 2.2 2.9 2.8 3.4 vl 8 et
4.8 3.3 3.4 2.1 3.0 2.8 3.2 8
4.6 3.3 3.3 2.1 2.9 2.8 3.0 2ol as ot
4.4 3.2 3.1 2.0 3.0 2.8 2.9 2010200
4.3 3.2 3.0 2.0 2.6 2.9 2.8 N Rt

4.5 3.3 2.9 2.0 2.6 2.9 2.8 2.5 [.

4.6 3.4 2.8 i 2.6 2.9 3.0 2.6 |.

4.9 4.0 2.6 2.0 2.6 3.0 3.2 2.6
5.1 4.5 2.6 2.2 2.6 3.1 3.1 2.8'1.
5.1 4.3 2.5 2.2 2.6 3.2 3.2 2.6

4.1 2.4 2.2 2.6 3.3 3.0 2.6 4.1
3.9 2.3 2.3 2.6 3.1 3.0 28 Liseses
4.1 2.2 2.1 2.6 3.1 2.9 2.9 s
4.4 2.2 2.1 2.6 3.0 2.9 aTiteiudin
4.1 2.1 2.2 2.6 3.0 2.8 &0 )5 052
UG 8 BN 2.2 2060005 2:840 sdhaieomiin

Note.—Relation of gage height to discharge affected by ice Jan. 1 to Mar. 31, and Nov. 30 to Dec. 31.
The ice went out sometime between Apr. 1 and 5.
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Daily discharge, in second-feet, of Escanaba River near Escanaba, Mich., for 1912.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov
1,810 350 410 | 1,180 550 790
1,420 300 350 | 1,300 630 790
1,420 410 350 | 1,300 630 710
1,300 410 350 | 1,180 710 710
1,180 350 300 970 710 790
1,180 350 350 880 630 710
1,070 410 480 710 630 710

970 630 710 710 550 710
970 630 | 1,070 880 550 790
880 550 | 1,420 970 630 710
790 630 | 2,090 970 630 790
1,070 550 | 2,230 | 1,070 710 790
1,680 480 | 1,950 970 | 1,950 790
1,680 410 | 1,810 | 1,070 | 1,950 790
1,550 410 | 1,420 880 | 1,810 710
1,420 410 970 880 | 1,550 710°
1,550 350 | 1,070 880 | 1,300 710
1,420 350 970 880 | 1,070 710
1,180 300 | 1,070 880 970 630
1,070 300 710 970 880 630
970 300 710 970 880 630
880 350 710 970 | 1,070 710
710 300 710 | 1,070 | 1,300 710
710 410 710 | 1,180 | 1,180 630
630 410 710 | 1,300 | 1,300 710
550 410 710 | 1,420 | 1,070 710
480 480 710 | 1,180 ; 1,070 710
410 350 710 | 1,180 970 630
410 350 710 | 1,070 970 790
350 410 710 | 1,070 880 900
........ 410 12 ) ol 880 |. ..ot
Note.—Daily discharge determined from a rating curve well defined about 300 second-feet. Discharge

Apr. 1 to 5 may be somewhat high because of ice effect. Discharge Nov. 30 estimated by comparison

with Menominee River.

Monthly discharge of Escanaba River near Escanaba, Mich., for 1912.

[Drainage area, 800 square miles.]

Month.

November.

The Fear. . Ju itz Des

BB LT 1] o e IR (PR B

Discharge in second-feet.
- ko
e in
Per incl‘})es on e:g;“
Maximum. | Minimum. | Mean. square drainage
e area).
900 1.12 1.29 | D.
850 1.06 1.14 | D.
830 1.04 1.20 | D.
3,850 4.81 5.37 | B.
2,450 3.06 3.53 | B.
1,060 1.32 1.47 | B.
412 .515 .59 [ B.
900 1.12 1.29 | B.
1,030 1.29 1.44 | B.
987 1.23 1.42 | B.
727 .909 1.01 | B.
............................. 650 .812 .94 | D.
..... 5,610 300 1,220 1.52 20. 69

Note.—Discharge Jan. 1 to Mar. 31 and Nov. 30 to Dec. 31 estimated by comparison with the record of

flow of Menominee River.
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MENOMINEE RIVER NEAR IRON MOUNTAIN, MICH.

Location.—At the Homestead highway bridge, 3% miles south of Iron Mountain,
Mich.

Records available.—September 4, 1902, to March 31, 1909; June 5, 1909, to Decem-
ber 31, 1912.

Drainage area.—2,420 square miles.

Gage.—Standard chain, attached to the bridge May 18, 1904; the original gage was a
staff on the right abutment of the bridge.

Channel.—Probably permanent.

Artificial control.—The flow of the river is to a certain extent controlled by logging
dams.

Winter flow.—It is reported under good authority that owing to the presence of a
stream of water from the Iron Mountain mines flowing into the river a short dis-
tance above the gage, and to the fact that there are heavy rapids below the gage,
ice seldom causes backwater at the gage.

Accuracy.—Records will have to be used with caution, as no discharge measurements
have been made since 1910 and backwater may be caused by ice and logs during
certain portions of the year. ]

Cooperation.—Gage checked with level and information regarding ice furnished by
H. G. Roby, resident engineer, Peninsular Power Co., of Madison, Wis.

Daily gage height, in feet, of Menominee River nmear Iron Mountain, Mich., for 1912.

[A.J. St. Arnauld, observer.]

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

) I O R 3.3 3.6 3.2 3.4 7.0 6.0 2.7 2.2 5.0 2.2 2.2 2.0

D 3.3 3.2 3.2 3.5 6.0 6.0 2.2 2.1 5.0 2.3 2.2 2:6

B i 3.3 3.6 3.2 3.5 7.1 5.8 1.9 2.1 4.8 2.2 2.2 2.6

7 R AL TR R 3.3 3.6 3.0 3.5 8.0 5.8 1.9 2.1 4.8 2.2 2.2 2.6

{ I R SR 3.3 3.1 2.8 4.7 8.5 5.4 1.9 2.0 4.6 2.2 2.2 3.0

(- A EE S 3.3 3.1 2.8 5.9 9.7 5.2 2.2 2.0 4.4 2.2 2.2 3.6

it RO T 4.8 3.0 2.8 7.4 10.9 5.0 2.2 2.5 4.0 2.3 2.2 3.8

Bl S 4.8 3.5 2.8 8.3| 11.0 4.2 2.1 3.3 3.8 2.0 2.2 3.2

Goris sis ol s 4.6 3.5 2.8 8.0 10.6 4.2 2.1 3.6 3.6 1.9 2.2 2.8

i RN G P 4.4 3.5 3.2 7.5 | 10.0 3.8 2.3 4.2 3.6 2.0 2.2 2.6
L 4.0 3.3 3.1 6.5 9.0 3.6 2.3 8.1 4.0 2.0 2.8 2.6
SR 3.6 3.0 2.9 6.7 9.0 3.8 2.2 7.9 4.0 2.8 2.3 2.4
T TR DR T 3.3 3.0 2.9 7.2 8.7 3.8 1.9 7.3 3.9 5.4 2.3 2.3
1 T SR A 3.0 3.0 2.9 6.7 8.4 4.0 1.8 6.1 3.6 5.1 2.2 2.8
: 1T 3.0 3.0 3.1 5.5 8.2 4.0 1.8 5.4 3.4 5.0 2.2 2.3
3 LSy TR M) 3.0 3.3 3.1 7.1 Tl 4.6 1.6 5.0 3.2 4.5 2.1 2.3
1 & AW ST RN 3.0 3.6 3.2 5.5 6.3 4.4 1.7 5.0 3.1 4.0 2.0 2.3
i 4 TN 3.0 3.3 3.2 5.5 5.8 4.2 1.6 5.0 3.0 3.6 1.8 2.3
1 Lo o B HR 3.0 3.3 3.3 5.4 5.6 4.0 1.6 5.0 2.9 3.1 1.8 2.3
e ST S S 3.0 3.6 3.3 5.0 4.8 4.0 1.6 5.0 3.0 3.1 1.6 2.3
G el A £ PPN 2.9 3.3 3.3 7.5 4.6 3.7 1.6 5.0 3.1 2.9 bt 2.3
b R ARG Sl 2.7 3.3 3.3 7.2 6.4 3.7 1.6 5.0 3.1 2.9 1.6 2.3
B s s s 2.5 3.3 3.3 7.6 7.2 3.6 1.6 5.1 3.1 2.9 1.6 2.3
v I T TR 4.0 3.3 3.3 8.0 s 2.9 2.0 5.0 3.1 2.6 1.6 2.2
A G aciC 4.0 3.3 3.3 8.3 7.2 2.7 2.1 4.7 3.0 2.6 1.6 2.3
[ AU T A 4.0 3.3 3.3 8.7 7.0 2.6 2.0 4.4 2.9 2.6 1.7 2.3
o (TS SN 4.0 3.2 3.4 9.0 8.7 2.5 1.9 4.5 2.7 2.6 iy 2.5
TR B 4.0 3.2 3.6 9.0 7.1 2.5 1.9 4.7 2.7 2.4 1.7 2.2
ool 208 3.6 3.2 3.9 9.0 7.4 2.5 45 1B R 2.7 2.2 1.7 2.0
(R e AR Sy 2 N e el 3.9 7.0 6.8 2.5 2.2 4.9 2.6 2.2 1.9 2.0
Bl s s e A PR 8.8 Jusieuis (7% %) PR STR 2:3 118 2 R R:2 loivqdke 2.0

Note.—Apparently no backwater from ice during 1912,
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Daily discharge, in second-feet, of Menominee River near Iron Mountain, Mich., for 1912.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
2,510 | 5,660 | 4,680 | 2,010 | 1,680 | 3,750 | 1,680 | 1,680 | 1,560

2,580 | 4,680 | 4,680 | 1,680 | 1,620 | 3,750 | 1,750 | 1,680 | 1,940

2,580 | 5,760 | 4,490 | 1,500 | 1,620 | 3,580 | 1,680 | 1,680 | 1,940

2,580 | 6,740 | 4,490 | 1,500 | 1,620 | 3,580 | 1,680 | 1,680 | 1,940

3,500 | 7,220 | 4,110 | 1,500 | 1, 3,420 | 1,680 | 1,680 | 2,220

4,580 | 8,710 | 3,930 | 1,680 | 1,560 | 3,260 | 1,680 | 1,680 | 2,660

6,080 110,200 | 3,750 | 1,680 | 1,880 | 2,960 | 1,750 | 1,680 | 2,810

7,080 {10,300 | 3,110 | 1,620 | 2,440 | 2,810 | 1,560 | 1,680 | 2,360

6,740 | 9,800 | 3,110 | 1,620 | 2,660 | 2,660 | 1,500 | 1,680 | 2,080

6,180 | 9,070 | 2,810 | 1,750 | 3,110 | 2,660 | 1,560 | 1,680 | 1,940

5,160 | 7,890 | 2,660 | 1,750 | 6,860 | 2,960 | 1,560 | 1,750 | 1,940

5,360 | 7,800 | 2,810 | 1,680 | 6,640 | 2,960 | 2,080 | 1,750 | 1,820

sy 7,440 | 2,810 | 1,500 | 5,970 | 2,880 | 4,110 | 1,750 | 1,750

5,360 | 7,100 | 2,960 | 1,440 | 4,780 | 2,660 | 3,840 | 1,680 | 1,750

4,200 | 6,970 | 2, 1,440 | 4,110 | 2,510 | 3,750 | 1,680 | 1,750

6,400 | 6,400 | 3,420 | 1,340 | 3,750 | 2,360 | 3,340 | 1,620 | 1,750

4,200 | 4, 3,260 | 1,390 | 3,750 | 2,290 | 2,960 | 1,560 | 1,750

4,200 | 4,490 | 3,110 | 1,340 | 3,750 | 2,220 | 2,660 | 1,440 | 1,750

4,110 | 4,300 | 2, 1,340 | 3,750 | 2,150 | 2,290 | 1,440 | 1,750

3,750 | 3,580 | 2,960 | 1,340 | 3,750 | 2,220 | 2,290 | 1,340 | 1,750

6,180 | 3,420 | 2,740 | 1,340 | 3,750 | 2,290 | 2,150 | 1,390 | 1,750

5,860 | 5, 2,740 | 1,340 { 3,750 | 2,290 | 2,150 | 1,340 | 1,750

6,300 | 5,860 | 2,660 | 1,340 | 3,840 | 2,290 | 2,150 | 1,340 | 1,750

6,740 | 6,400 | 2,150 | 1,560 | 3,750 | 2,290 | 1,940 | 1,340 | 1,680

7 5,860 | 2,010 | 1,620 | 3, 2,220 | 1,940 | 1,340 | 1,750

7,440 | 5,660 | 1,940 | 1,560 | 3,260 | 2,150 | 1,940 | 1,390 | 1,750

7,890 | 5,360 | 1,880 | 1,500 | 3,340 | 2,010 | 1,940 | 1,390 | 1,880

7,890 | 5,760 | 1,880 | 1,500 | 3,500 | 2,010 { 1,820 | 1,390 | 1,680

2,880 | 7,890 | 5,760 | 1,880 | 1,620 | 3,500 | 2,010 | 1,680 ( 1,390 | 1,560
2,880 | 5,660 | 5,460 | 1,880 | 1,680 | 3,660 | 1,940 | 1,680 | 1,500 | 1,560
AL LU PR 5,460 |..... e[ S 700 158, BADNIIE o < M5 680 1 2025 2s 1,560

Nore.—Daily discharge determined from a well-defined rating curve.

Monihly discharge of Menominee River near Iron Mountain, Mich., for 1912.

[Drainage area, 2,420 square miles.]

Discharge in second-feet. Run-off
(depth in .
Month. inches on [ACCU
Per drainage |T2CV-
Maximum. | Minimum. | Mean. square g
mile. area).
5118 T ek M M LSl e e D) | 3,580 1,880 2,580 1.07 1.23 | C.
Hobroary.. . Ll NS Do U Soa 2, 660 2,220 2,430 1.00 1.08 | C.
R T A A A T 2,880 2,080 2,370 .979 1.13|.c
ﬁpril.. .............. 7,890 2,510 5,400 2.3 2.49 | B.
AT e R e 10,300 3,420 6,430 2.66 3.07 | B.
{1t (ot e ORI ROSE OR RN, 4,680 1,880 3,030 1.25 1.40 | B.
Gy o e e R DL 2,010 1,340 1,550 .640 .74 | B.
IPHSE L . L e I o 6,860 1,560 3,440 1.42 1.64 | B.
Seplembor. ... i dsch i at i ien 3,750 1,940 2,640 1.09 1.22 | B.
Qetoberia o SE D MU RN 4,110 1,500 2,140 .884 1.02 | B.
NOVEIMIDRL. . ... 2c v ainie ara o bs Saletoiaimns = 1,750 1,340 1,550 . 640 L] B
DOCEIMDOL, . - oo cae et s s e s S 2,810 1,560 1,870 .773 .89 | B.
Theiyear. o W s o R o 10, 300 1,340 2,950 1.22 16. 62

ber 31, 1912.}

WOLF RIVER AT KESHENA, WIS.

Location.—At the highway bridge at Keshena, 3 miles below the outlet of the West
Branch of Wolf River, which enters from the right.
Records available.—May 9, 1907, to March 31, 1909; February 10, 1911, to Decem-

Drainage area.—797 square miles.

1See also Water powers of Wisconsin: Bull Wisconsin Geol. and Nat. Hist. Survey No. 20, 1908,

Pp. 100-102.
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Gage.—A vertical staff gage has been maintained at the same datum since installation.
The gage was read twice daily up to October 1, 1911. Since that date mean ofL
three readings (morning, noon, and evening) taken as mean for day. "

Channel.—Gravel; smooth and practically permanent.

Discharge measurements.—Made from the bridge. i

Artificial control.—The river and main tributaries above Keshena are controlled to
some extent by logging dams.

Winter flow.—During the winter solid ice forming in the vicinity of the gage causes
1 to 3 feet of backwater. At times during the winter slush and frazil ice collect
under this ice cover, making it impossible to make discharge measurements. The
ice forms at the falls above Keshena and floats in the river as far as backwater from
the dam at Shawano.

Accuracy.—During open-water season the accuracy depends upon the accuracy with
which the mean gage height is determined. Conditions favor the accurate deter-
mination of discharge.

Discharge measurements of Wolf River at Keshena, Wis., in 1912.

Date. Hydrographer. hgiz%gz. el?arlsg-e.

Feet. Sec.ft.
342

T o Tl b S O S § el e 3. ST ORISR SPERIE A T T S GRS R e (ST E N 3.96
Octindy (... P e, e el e s S O M s RN ST B et 2.25 889
=] i) . 73 03 I pe i AN TR, € RAPOU RSy ot ST o Sl I 5 e, "G, MR 20 2.20 870

a Complete ice cover. Average thickness of ice, 2.4 feet.

Daily gage height, in feet, of Wolf River at Keshena, Wis., for 1912.

[R. and N. Gauthier, observers.]

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

A s ot 5.4 4.1 2.6 2.4 3.0 3.4 1.4 2.2 { ¢ 2.2 2.4 2.0
O P T 5.5 4.0 2.6 2.6 3.0 3.3 1.6 2.0 6.7 2.0 2.3 2.8
TR 5.6 4.1 2.5 2.6 3.0 3.2 1.6 2.0 5.6 2.2 2.1 2.9
T ST e 5.7 4.2 2.4 2.7 81 3.0 1.9 1.8 5.0 2.3 2.0 2.8
| T P U 4.7 4.3 2.4 2.8 3.7 3.0 2.1 1.8 4.6 2.4 2.0 2.8
B e o 4.7 4.2 2.3 2.9 4.0 2.8 1.8 1.7 4.2 2.2 2.0 2.8
T O 4.8 4.0 2.2 3.0 3.8 2.7 1.9 2.0 4.0 2.2 2.0 2.7
. E T S 5.2 3.9 2.2 3.2 3.5 2.6 2.0 2.4 3.6 2.4 2.0 2.7
| R Y 5.4 3.6 2.3 3.4 3.4 2.4 2.1 3.1 3.5 2.4 2.2 2.6
g J R e 5.5 3.7 2.2 3.2 3.2 2.4 2.0 3.9 3.3 2.3 2.2 3.0
1 s e 5.4 3.6 2.1 3.2 3.0 2.4 2.1 4.6 3.5 2.4 2.1 2.8
R e O R 5.4 3.7 2.0 3.2 8.1 2.3 2.0 4.2 3.2 2.5 2.2 2.6
e 5.3 3.6 1.9 3.1 3.2 2.4 2.0 4.3 3.1 2.8 2.2 3.0
TR T 5.2 3.6 1.6 3.2 3.2 2.3 2.0 4.0 2.8 2.8 2.5 3.8
B s 4.7 3.6 1.5 3.3 3.1 2.3 2.1 3.8 2.8 2.8 2.3 4.5
1T s S 4.7 3.6 1.6 3.3 3.1 2.3 2.0 3.4 2.8 2.4 2.3 4.5
: AN DN 4.5 iy i 3.2 3.2 2.2 2.1 3.5 3.2 2.4 2.2 4.5
ke 4.5 3.4 12 3.0 3.0 2.0 2.0 3.6 8.1 2.3 2.3 4.4
A s rls 4.4 3.4 3¢ 2.8 2.9 2.0 1.8 3.6 2.9 2.5 2.2 4.3
W K 4.5 3.5 1.6 2.8 2.9 2.0 1.6 3.5 2.7 2.2 2.2 4.4
s [ MR drpe 4.6 3.6 L5 2.8 2.8 1.8 1.6 3.2 2.7 2.3 2.2 4.5
D T R N 4.5 3.5|. 1.4 3.4 2.8 1.6 16 2.8 2.6 2.5 2.2 4.4
. P R e 4.4 3.4 L5 3.6 2.8 1.6 1.7 2.8 2.6 2.5 2.1 4.7
L e S 4.3 3.3 1.6 3.5 2.9 1.5 5.7 2.6 2.6 2.2 2.3 5.1
e B e 4.3 3.2 L7 3.4 2.8 1.5 5.2 2.7 2.8 2.3 2.1 5.4
4.3 3.2 1.8 3.3 2.8 1.6 4.7 2.5 2.7 2.2 2.0 5.5

4.2 3.0 1.8 3.4 3.0 1.6 4.2 2.4 2.7 2.3 1.9 5.4

4.4 2.8 1.8 3.3 3.3 1.4 3.4 2.5 2.7 2.2 2.0 5.5

4.3 2.8 19 3.2 3.4 1.4 2.9 2.8 2.8 2.4 2.0 5.4

b 8 R 1T 3.1 3.4 1.4 2.5 2.4 2.7 2.4 1.9 5.4

7N e y 5 () PSR 800 |oasanns 2.3 g e I o 5.3

z Ni)'m-:.—Relation of gage height to discharge affected by ice Jan. 1 to about Mar. 30 and about Dec. 10
0 31.

1572°—wsp 324—14——3
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Daily discharge, in second-feet, of Wolf River at Keshena, Wis., for 1912.

Day. Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov. | Deec.

1,280 | 1,530 | 536 | 869 | 3,140 | 869 962 780
1,280 | 1,460 | 614 780 | 3,910
1,280 | 1,400 | 614 780 | 3,060
1,340 | 1,280 | 737 695 | 2,620
1,720 | 1,280 824| 695 | 2,330

1,920 | 1,170 695 654 | 2,060
1,790 | 1,110 737 780 | 1,920
1,590 | 1,060 780 962 | 1,660
1,530 962 824 | 1,340 | 1,590
1,400 962 780 | 1,850 | 1,460

1,280 962 824 | 2,330 [ 1,590

s (it Ul ol - R 915 AL EIE e e 2

Nore.—Daily discharge computed from a rating curve well defined between 400 and 2,000 second-feet.
Discharge Jan. 1 to Mar. 30 and Dec. 10 to 31 estimated, because of ice, from two discharge measurements,
observer’s reports, climatologic records, and flow of West Branch Wolf River at Neopit.  Mean discharge,
Jan. 1 to 31 estimated 620 second-feet, varying from about 770 to 470 second-feet; mean discharge Feb.
1 to 29 estimated 380 second-feet, varying from about 460 to 340 second-feet; mean discharge Mar. 1 to 30
estimated 430 second-feet, varying from about 350 to 700 second-feet; mean discharge Dec. 10 to 31
estimated 920 second-feet, varying from about 1,040 to 840 second-feet.

Monthly discharge of Wolf River at Keshena, Wis., for 1912.

(Drainage area, 797 square miles.]

Discharge in second-feet.

(ot
epth in
Month. incllx)es on [Accu-
Per drainage |F3¢Y:
Maximum. | Minimum. [ Mean. square = ea)g
mile. .
January.. - - 620 0.778 0.90 | C.
February e A 380 477 51| C.
L B R e L T N R e 443 . 556 .64 | C.
LT R e 1,340 1.68 1.87 | A.
N e e S B S 1,380 1.73 1.99 | A.
150 o7 VLR NN Pt S S 897 1.13 1.26 | A.
2 (71 e SR e A e LD 1,020 1.28 1.48 | A.
0 Ly s = S P el . ! 1,280 1.61 1.86 | A.
Boptambar. Co : 3,910 1,060 1,590 1.99 2.22 | A,
L8 reomT J R R O R e 5 1,110 780 949 1.19 1.37 | A.
NOVOMDEP.c:ic - cocoavesemssmosss 5 1,010 737 846 1.06 1.18 | A.
B Uy ]), o) AP RIS SR S L, 2200 xenowis pon 974 1.22 1.41 | C.
b e PR S R, e T R0 IR 978 1.23 16. 69

Nore.—See note to table of daily discharge.
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Location.—At the dam and power plant at Neopit, a station of the Wisconsin Northern
Railroad, 20 miles north of Shawano.

Records available.—January 25 to December 31, 1912.

Drainage area.—108 square miles.
Gage.—Vertical staff.
Determination of flow.—An attempt in 1911 to measure the flow by current meter

a short distance below the dam proved unsatisfactory, and it was decided to rate
the turbine and spillway. The power is developed by means of a timber dam,
about 14 feet high, which backs the water upstream for a considerable distance and
forms a service reservoir. The spillway is a rectangular opening about 13 feet
wide, which is closed by means of stop planks. Little water leaks through the
dam, but considerable passes between the planks when all are in place. The
power house is at the dam and is equipped with a 35-inch Leffel-Samson turbine,
belted to a 60-kilowatt generator, which is used chiefly for lighting. The turbine
takes water from the service reservoir through a rectangular flume, which is 9 feet
wide by 6 feet deep and is lined with smooth planks. The turbine was rated by
means of current meter measurements in the flume. The spillway and leakage
through the boards were rated by measurements in the sluiceway. Gages were
placed in the pond and below the dam to show the head on the turbine. Readings
of both gages, voltage, amperage, and number of planks removed from the spill-
way were recorded seven times each day, at 6, 7, and 10 a. m., 12 m., 3, 6,
and 10 p. m. These readings were then weighted in accordance with the elapsed
interval.

Accuracy.—Current meter measurements made October 30, 1912, and January 29,
1913, indicate that the records were being carefully taken and that the computa-
tions give results well within 10 per cent.

Daily discharge, in second-feet, of West Branch of Wolf River at Neopit, Wis., for 1912.

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

) Frpins I T, 147 135 107 128 141 138 175
R S e R 140 166 141 128 129 133 208
Bod S 139 122 113 123 152 144 208
¢ R e 135 155 91 165 229 160 197
! S R R 137 135 130 169 244 129 183
93 150 101 212 217 140 190

67 149 91 211 211 171 129

147 98 84 172 186 167 122

109 115 86 196 149 127 130

109 108 134 189 169 156 149

135 146 98 216 187 167 142

11t 124 82 236 182 185 130

151 147 94 141 162 150 129

89 123 115 205 188 137 134

99 128 111 208 221 90 129

100 144 95 217 157 137 146

89 134 135 214 182 118 149

106 162 84 62 184 147 147

100 163 123 137 181 156 119

104 167 92 180 158 130 135

138 155 79 235 158 99 145

133 114 112 198 234 95 129

99 123 106 233 164 115 113

133 112 131 147 131 152 157

141 141 108 84 153 95 134

118 121 108 188 141 105 151

136 98 133 206 185 114 123

147 114 143 322 202 180 118

125 108 103 115 179 90 179

169 1oL 150 165 153 113 118

i) 5 5 o 160 |-cn - B0 sz o a 104
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Monthly discharge of West Branch of Wolf River at Neopit, Wis., for 1912.

[Drainage area, 108 square miles.]

Discharge in second-feet.
g C t. (gamt; i
e in
Month. inclI;es on [Accu-
Per drain: racy.
Maximum. | Minimum. | Mean. square EAIDAgS
mile. area)
169 67 120 3Lk 1.28 | B.
167 98 133 1.23 1.33 | B.
166 79 111 1.03 1.19 | B.
322 62 180 167 1.86 | B.
129 178 1.65 1.90 | B.
185 90 135 1.25 1.40 | B.

y 999 61 188 1.74 2.01 | B.
August 1-17. 429 70 187 1.73 1.09 | B.
November. e 175 75 133 1.23 1.37 | B.
ED T o o) S A S S e 208 104 146 1.35 1.56 | B.

GRAND RIVER AT GRAND RAPIDS, MICH.

Location.—At Fulton Street Bridge in Grand Rapids, Mich.

Records available.—March 12, 1901, to December 31, 1912.

Drainage area.—4,900 square miles.

Gage.—Staff, attached to bridge. In November, 1907, a new staff gage with zero
corresponding to the city datum was attached to the abutment of the bridge.
Readings on this gage were first reported in December, 1907. The zero of the
gage in use prior to November, 1907, was 0.55 foot below the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>