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WATER RESOURCES DATA FOR MINNESOTA, 1970

Part 1. Surface-Water Records
Part 2. Water-Quality Records

INTRODUCTION

Water resources data for the 1970 water year for Minnesota in-
cluding records of streamflow or reservoir storage at gaging stationms,
partial-record stations, and miscellaneous sites, and records of water-
quality data on the chemical and physical characteristics of surface-
and ground-water, are given in this report. Records for a few per-
tinent gaging and water-quality stations and selected data on chemical
quality of ground water in bordering States are also included. The
records were collected and computed by the Water Resources Division
of the U. S. Geological Survey under the direction of Charles R. Collier,
district chief. Hydrologic date in this report are collected by the
U. 8. Geological Survey and cooperating State and Federal agencies in
Minnesota. The data are part of the National Water Data System.

Through September 30, 1960, the records of discharge and stage of
streams and contents and stage of lakes or reservolrs were published
in an annual series of U. S. Geological Survey water-supply papers en-
titled, "Surface Water Supply of the United States."

Beginning with the 1961 water year, streamflow records and related
data have been released by the Geological Survey in annual reports on
a State-boundary basis. Distribution of these reports is limited; they
are designed primarily for rapid release of data shortly after the end
of the water year to meet local needs. The streamflow records for 1961-65
are also published in a Geological Survey water-supply paper series en-
titled, "Surface Water Supply of the United States 1961-65." There will
be a similar series of water-supply papers for the water years 1966-70.

The Geological Survey has published records of chemical quality,
suspended sediment, and water temperatures since 1941 in an annual series
of water-supply papers entitled, "Quality of Surface Waters of the
United States." Beginning with the 1964 water year, water-quality re-
cords also have been released on a State-boundary basis in conjunction
with streamflow records or in a separate volume.

COOPERATION

The U. S. Geological Survey and organizations of the State of
Minnesota have had cooperative agreements for the systematic collection
of streamflow records since 1909, and for water-quality records since
1952. Organizations that supplied data are acknowledged in station
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descriptions. Organizations that assisted in collecting data
through cooperative agreement with the Survey are:

Minnesota Department of Conservation, Division of
Waters, Soils and Minerals, Eugene R. Gere, director.

Minnesota Department of Highway, N. T. Waldor, commissioner.

Assistance in the form of funds or services was given by the
Corps of Engineers, U. S. Army, in collecting records for 30 gaging
stations published in this report.

Several gaging stations in the Hudson Bay and St. Lawrence
River basins were maintained by funds appropriated to the United
States Department of State.

On waters adjacent to the international boundary, certain gaging
stations are maintained by the United States (or Canada) under agree-
ment with Canada (or the United States), and the records are obtained
and compiled in a manner equally acceptable in both countries. These
stations are designated herein as "International gaging stations.”

Some records for the Red River of the North, which border the
State on the west, were obtained at the request of other Federal
agencies as a part of the program of the U. S. Department of the In-
terior for development of the Missouri River basin. ‘

DEFINITION OF TERMS

Definition of terms related to streamflow, water-quality, and
other hydrologic data, as used in this report, are defined as follows:

" Acre-foot (AC-FT, acre-ft) is the quantity of water required to
cover 1 acre to a depth of 1 foot and is equivalent to 43,560 cubic
feet or 325,851 gallons.

Biochemical oxygen demand (BOD) is the amount of oxygen required
by bacteria while stabilizing decomposable organic matter under aero-
bic conditions.

Chemical oxygen demand (COD) indicates the quantity of oxidizable
compounds present in a water and will vary with water compositions,
concentration of reagent, temperature, period of contact, and other
factors.

Coliform organisms are a group of bacteria used as an indicator
of the sanitary quality of the water. The number of coliform colonies
per 100 milliliters is determined by the immediate or delayed incuba-
tion membrane filter method.
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Contents is the volume of water in a reservoir or lake. Unless
otherwise indicated, volume is computed on the basis of a level pool
and does not include bank storage.

Control designates a feature downstream from the gage that deter-
mines the stage-discharge relation at the gage. This feature may be a
natural constriction of the channel, an artificial structure, or a uni-
form cross section over a long reach of the channel.

Cfs-day is the volume of water represented by a flow of 1 cubic
foot per second for 24 hours. It is equivalent to 86,400 cubic feet,
1.9835 acre-feet, or 646,317 gallons, and represents a runoff of 0.0372
inch from 1 square mile.

Cubic feet per second per square mile (CFSM) is the average number
of cubic feet of water flowing per second from each square mile of area
drained, assuming that the runoff is distributed uniformly in time and
area.

Cubic foot per second (cfs) is the rate of discharge representing
a volume of 1 cubic foot passing a given point during 1 second and is
equivalent to T7.48 gallons per second or 4L8.8 gallons per minute.

Discharge is the volume of water (or more broadly, total fluids),
that passes a given point within a given period of time.

Mean discharge is the arithmetic average of individual
daily mean discharges during a specific period.

Instantaneous discharge is the discharge at a particular
instant of time. If this discharge is reported instead of the
daily mean, the heading of the discharge column in the tables
is "Discharge (cfs)."

Drainage area of a stream at a specified location is that area
measured in a horizontal plane, enclosed by a topographic divide from
which direct surface runoff from precipitation normally drains by
gravity into the stream above the specified point. Figures of drainage
area given herein include all closed basins, or noncontributing areas,
within the area unless otherwise noted.

Gage height (G.H.) is the water-surface elevation referred to some
arbitrary gage datum. Gage height is often used interchangeably with
the general term "stage," although gage height is more appropriate when
used with a reading on a gage.

Gaging station is a particular site on a stiream, canal, lake, or
reservoir where systematic observations of gage height or discharge are
obtained. When used in connection with a discharge record, the term

is applied only to those gaging stations where a continuous record of
discharge is obtained.
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Hardness of water is a physical-chemical characteristic attri-
butable to the presence of alkaline earths (principally calcium and
magnesium) and is expressed as equivalent calcium carbonate (CaCO3).

Methylene blue active substance (MBAS) is a measure of apparent
detergents. This determination depends on the formation of a blue
color when methylene blue dye reacts with synthetic detergent com-
pounds .

Micrograms per liter (ug/l, UG/L) is a more precise unit for
expressing the concentration of chemical constituents in solution.
One thousand micrograms per liter is equivalent to one milligram
per liter. See below.

Milligrams per liter (mg/l, MG/L) is a unit for expressing the
concentration of chemical constituents in solution. Milligrams per
liter represents the weight of solute per unit volume of water.
Milligrams or micrograms per lHter may be converted to milliequi-
valents (one thousandth of a gram-equivalent weight of a constituent)
per liter by multiplying by the factors in table 1, page 5. Con-
centration of suspended sediment expressed in milligrams per liter
is based on the weight of sediment in a liter of water-sediment mix-
ture. Sediment concentrations that are expressed in parts per mil-
lion may be converted to milligrams per liter by using the factors
in table 2, page 5.

Partial-record station is a particular site where limited stream-
flow or water-quality data are collected systematically over a period
of years for use in hydrologic analyses.

Particle size is the diameter, in millimeters (mm), of suspended
sediment or bed material determined by sieve and sedimentation methods.

Particle-size classification, used in this report, agrees closely
with recommendations made by the American Geophysical Union Subcommittee
on Sediment Terminology (Lane and others, 1947, p. 937). The classi-
fication is as follows: -

Clay: Smaller than 0.004 mm.
Silt: Between 0.004 and 0.062 mm.
Sand: Between 0.0062 and 2.0 mm.

Gravel: Between 2.0 and 64.0 mm.

The particle-size distributions given in this report are not necessarily
representative of the particle sizes of sediment in transport in the
natural stream. Most of the organic matter is removed, and the sample
is subjected to mechanical and chemical dispersion before analys1s of .
the silt and clay. ¢~

Plankton is the floating (or weakly swimming) animal or plant life
in a body of water consisting chiefly of minute plants (as diatoms and
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Table l.--Factors for conversion of chemical constituents 1in
milligrams or micrograms per liter to milliequivalents
per liter

Ion Multi- Ion Multi-

- ply by - ply by
Aluminum (Al+3l* . 0.11119 Todide (I~1)...... 0.00788
Ammonia as NHu .055414 Iron (Fe+3)* ...... .05372
Barium (Bat2)....... .01456 Lead (Pb* )* ..... .00965
Bicarbonate £H003-1) .01639  Lithium (Li* l . L1411
Bromide (Br—1)..7... .01251 Magnesium (Mg 2) . .08226
Calcium (Ca+2) .. .04990 Manganese (Mn+ )*. .03640
Carbonate (CO "2) .03333 Nickel (Nit2) . .03406
Chloride (C17%) ....  .02821 Nitrate (N03'1) . .01613
Chromium (05 )* 11539 Nitrite (NO2-1),..  .02174
Cobalt (Co™ )* ....... .03394 Phosphate (Pou 3). .03159
Copper (cute)*. . . ... .03148 Potassium (K+ ) .02557
Cyanide (CN~X)#* ..., .03844 Sodium (Na+1l)..... .04350
Fluoride (F-1)...... .05264 Strontium (Sr¥2)x.  .02283
Hydrogen (H¥1) ..... .99209 Sulfate (504~ 2y...  .02082
Hydroxide (OH™1).. .05880 Zinec (Znt2)®...... .03060

¥Constituent reported in micrograms per liter; multiply
by factor and results by 1,000.

Table 2.--Factors for conversion of sediment concentrations in
parts per million to milligrams per liter¥
(A1l values calculated to three significant figures)

Range of‘ Multi- Range of Multi-

concentration ply by concentration ply by

(ppm) _— (ppm) -
0 - 15,900 1.00 322,000 - 341,000 1.26
16,000 - 146,800 1.02 342,000 - 361,000 1.28
46,900 - 76,500 1.04 362,000 - 380,000 1.30
76, 600 - 105,000 1.06 381,000 - 399,000 1.32
106,000 - 133,000 1.08 400,000 - 416,000 1.34
13“,000 - 159,000 1.10 417,000 - 434,000 1.36
160,000 - 185,000 1.12 435,000 - 451,000 1.38
186,000 - 210,000 1.14 452,000 - 467,000 1.40
211,000 - 233,000 1.16 468,000 - 483,000 1.42
234,000 - 256,000 1.18 484,000 - 498,000 1.44
257,000 - 279,000 1.20 499,000 - 514,000 1.46
280,000 - 300,000 l1.22 515,000 - 528,000 1.48
301,000 - 321,000 1.24 529,000 - 542,000 1.50

¥Based on water density of 1.000 g/ml and sediment density
of 2.65 g/cc.
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blue-green algae) and of minute animals (as protozoan, entomostracans,
and various larvae).

Runoff in inches (IN.) shows the depth to which the drainage area
would be covered if all the runoff for a given time period were uniformly
distributed on it.

Sediment is solid material that originates mostly from disinte-
grated rocks and is transported by, suspended in, or deposited from
water; it includes chemical and biochemical precipitates and decomposed
organic material such as humas. The gquantity, characteristics, and
cause of the occurrence of sediment in streams are influenced by environ-
mental factors. Some major factors are degree of slope, length of
slope, soil characteristics, land usage, and quantity and intensity of -
precipitation.

Sediment discharge is the rate at which dry weight of sediment
passes a section of a stream or is the quantity of sediment, as measured
by dry weight, or by volume, that is discharged in a given time.

Sodium adsorption ratio (SAR) is the expression of relative acti-
vity of sodium ions in exchange reactions with soil and is an index of
sodium or alkali hazard to the soil. This ratio should be known espe-
cially for water used for irrigating farmland.

Solute is any substance derived from the atmosphere, vegetation,
soil, or rocks that is dissolved in water.

Specific conductance is a measure of the ability of'a water to
conduct an electrical current and is expressed in micromhos per centi-
meter at 25°C. Because the specific conductance is related to the num-
ber and specific chemical types of ions in solution, it can be used
for approximating the dissolved-solids content in the water. Commonly,
the amount of dissolved solids (in milligrams per liter) is about 65
percent of the specific conductance (in micromhos). This relation is not
constant from stream to stream or from well to well, and it may even
vary in the same source with changes in the composition of the water.

Stage-discharge relation is the relation between gage height and
the amount of water flowing in a channel, expressed as volume per unit
of time.

Suspended sediment is the sediment that at any given time is main-
tained in suspension by the upward components of turbulent currents or
that exists in suspension as a colloid.

Thermograph is a thermometer that continuously and automatically
records, on a chart, the water temperature of a stream. '"Temperature
recorder” is the term used to indicate the presence of a thermograph
or a digital mechanism that automatically records water temperatures
on paper tape.
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Time-weighted average is computed by multiplying the number of
days in the sampling period by the concentrations of individual con-
stituents for the corresponding period and dividing the sum of the
products by the total number of days. A time-weighted average repre-
sents the composition of water that would be contained in a vessel
or reservolr that had received equal quantities of water from the
stream each day for the water year.

Tons ﬁer acre-foot indicates the dry weight of dissolved solids
in 1 acre-foot of water. It is computed by multiplying the concentra-
tion of milligrams per liter by 0.00136.

Tons per day is the quantity of a substance in solution or sus-
pension that passes a stream section during the 24-hour period.

WRD is used as an abbreviation for "Water-Resources Data" in
the summary REVISIONS paragraph to refer to previously published
State annual basic-data reports.

WSP is used as an abbreviation for "Water-Supply Paper" in re-
ferences to previously published reports.

Weighted average is used in this report to indicate discharge-
weighted average. It is computed by multiplying the discharge for
a sampling period by the concentrations of individual constituents
for the corresponding period and dividing the sum of the products
by the sum of the discharges. A discharge-weighted average approxi-
mates the composition of water that would be found in a reservoir
containing all the water passing a given location during the water
year after thorough mixing in the reservoir.

SPECTAL NETWORKS AND PROGRAMS

Hydrologic bench-mark station is one that provides hydrologic
data for a basin in which the hydrologic regimen will likely be
governed solely by natural conditions. Data collected at a bench-
mark station may be used to separate effects of natural from man-
made changes in other basins which have been developed and in which
the physiography, climate, and geology are similar to those in
the undeveloped bench-mark basin.

DOWNSTREAM ORDER AND.STATION NUMBERS
Records are listed inea. downstream direction along the main
stream, and stations on tritataries are listed between stations on
the main stream in the order in which those tributaries enter the
main stream. Stations on tributaries entering above all mainstream
stations are listed before the first mainstream station. Stations
on tributaries to tributaries are listed in a similar manner. In
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the lists of gaging stations and water-quality stations in the
front of this report the rank of tributaries is indicated by inden-
tion, each indention representing one rank.

As an added means of identification, each gaging station, par-
tial-record station, and water-quality station have been assigned
a station number. These are in the same downstream order used in
this report. In assigning station numbers, no distinction is made
between partial-record stations and continuous-record gaging stations;
therefore, the station number for a partial-record station indicates
downstream order position in a list made up of both types of stations.
Water-quality stations located at or near gaging stations or partial-
record stations have the same number as the gaging or partial-record
station. Gaps are left in the numbers to allow for new stations
that may be established; hence, the numbers are not consecutive.
The complete 8-digit number for each station, such as 05061500, in-
cludes the part number "05" and a 6-digit number. This number appears
Jjust to the left of the station name. In this report, the records
are listed in downstream order by parts. All records for a drainage
basin encompassing more than one State could be arranged in downstream
order by assembling pages from the various State reports by station
number to include all records in the basin.

WELL NUMBERS

The well numbering system of the U. S. Geological Survey is based
on the grid system of latitude and longitude. The first 6 digits de-
note the degrees, minutes, and seconds of latitude followed by a letter
denoting north or south. Seven digits following the letter denote de-
grees, minutes, and seconds of longitude. The last digit is a sequen-
tial number for wells within a l-second grid. The system provides the
geographic location of the well and a unique number for each well.

PART 1. SURFACE WATER RECORDS

Collection and computation of data

The base data collected at gaging stations consists of records
of stage and measurements of discharge of streams or canals, and stage,
surface area, and contents of lakes or reservoirs. In addition, ob-
servations of factors affecting the stage-discharge relation or the
stage-capacity relation, weather records, and other information are
used to supplement base data in determining the daily flow or volume
of water in storage. Records of stage are obtained from a water-stage
recorder that gives a continuous graph of the fluctuations (for digital
recorders, a tape punched at 15-, 30-, or 60-minute intervals) or from
direct readings on a nonrecording gage. Measurements of discharge are
made with a current meter, using the general methods adopted by the
Geological Survey on the basis of experience in stream gaging since
1888. These methods are described in standard textbooks on the mea-
surement of stream discharge. (See also SELECTED REFERENCES). Sur-
face areas of lakes or reservoirs are determined from instrument sur-
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veys using standard methods. The configuration of the reservoir
bottom is determined by sounding at many points.

For a stream-gaging station, rating tables giving the discharge
for any stage are prepared from stage-discharge relation curves de-
fined by discharge measurements. If extensions to the rating curves
are necessary to define the extremes of discharge, they are made on
the basis of indirect measurements of peak discharge (such as slope-
area or contracte@-bpening.measurements,.computation of flow over dams
or weirs), velocity-area studies, and logarithmic plotting. The appli-
cation of the daily mean gage height to the rating table gives the
daily mean discharge, from which the monthly and the yearly mean dis-
charge are computed. If the stage-discharge relation is subject to
change because of frequent or continual change in the physical features
that form the control, the daily mean discharge is determined by the
shifting-control method, in which correction factors based on individual
discharge measurements and notes by engineers and observers are used
in applying the gage heights to the rating tables. If the stage-dis-
charge relation for a station is temporarily changed by the presence
of aquatic growth or debris on the control, the daily mean discharge
is computed by what is basically the shifting-control method.

At some stream-gaging stations the stage-discharge relation is
affected by backwater from reservoirs, tributary streams, or other
sources. This necessitates the use of the slope method in which the
slope or fall in a reach of the stream is a factor in determining
discharge. Information required for determining the slope or fall is
obtained by means of an auxiliary gage set at some distance from the
base gage. At some stations the stage-discharge relation is affected
by changing stage; at these stations the rate of change in stage is
used as a factor in determining discharge.

At some stream-gaging stations the stage-discharge relation is
affected by ice in the winter, and it becomes impossible to compute
the discharge in the usual manner. Discharge for periods of ice
effect is computed on the basis of the gage-height record and occa-
sional winter discharge measurements, consideration being given to
the available information on temperature and precipitation, notes by
gage observers and hydrologists,‘and comparable records of discharge
for other stations in the same or nearby basins.

For a lake or reservoir station, capacity tables giving the con-
tents for any stage are prepared from stage-area relation curves de-
fined by surveys. Discharge over spillways is computed from & stage-~
discharge relation curve defined by discharge measurements. The
application of the stage to the capacity table gives the contents
from which the daily, monthly, or yearly change in contents are com-
puted. o
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If the stage-capacity curve is subject to changes because of
deposition of sediment in the reservoir, periodic resurveys of the
reservoir are necessary to define new stage-capacity curves. Dur-
ing the period between reservoir surveys the computed contents may
be increasingly in error due to the gradual accumulstion of sediment.

For some gaging stations there are periods when no gage-height
record is obtained or the recorded gage height is so faulty that it
cannot be used to compute daily discharge or contents. This happens
when the recorder stops or otherwise falils to operate properly, in-
takes are plugged, the float is frozen in the well, or for various
other reasons. For such periods the daily discharges are estimated
on the basis of recorded range in stage, adjoining good record, dis-
charge measurements, weather records, and comparison with Other sta-
tion records from the same or nearby basins. Likewise daily contents
may be estimated on the basis of operator's log, adjoining good re-
cord, inflow-outflow studies, and other information.

The data in this report generally comprise a description of
the station and tabulations of basic data. For gaging stations on
streams or canals a table showing the daily discharge and monthly
and yearly discharge is given. For gaging stations on lakes and re-
servoirs a monthly summary table of stage and contents or table
showing the daily contents is given. Tables of daily mean gage
heights are included for some streamflow stations and for some re-
servoir stations. Records are published for the water year, which
begins on October 1 and ends on September 30. A calendar for the
1970 water year is shown on the reverse side of the front cover to
facilitate finding the day of the week for any date.

The description of the gaging stations gives the location,
drainage area, period of record, type and history of gages, average
discharge, extremes of discharge or contents, and general remarks.
The location of the gaging station and the drainage area are ob-
tained from the most accurate maps available. River mileage, given
under "LOCATION" for some stations, is that determined and used by
the Corps of Engineers or other agencies. Periods for which there
are published records for the present station or for statiohs gen-
erally equivalent to the present one are given under "PERIOD OF RE-
CORD." The type of gage currently in use, the datum of the present
gage above mean sea level, and a condensed history of the types,
locations, and datum of previous gages used during the period of
record are given under "GAGE." In references to datum of gage, the
phrase "mean sea level" denotes "Ses Level Datum of 1929" as used
by the Topographic Division of the Geological Survey unless other-
wise qualified. The average discharge for the number of yedrs in-
dicated is given under "AVERAGE DISCHARGE:" it is not given for sta-
tions having fewer than 5 complete years of record or for stations
where changes in water development during the period of record cause
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the figure to have a little significance. In addition, the median of
yearly mean discharges is given for stream-gaging stations having 10
or more complete years of record if the median differs from the average
by more than 10 percent. The maximum discharge (or contents) and the
maximum gage height, the minimum discharge if there is little or no
regulation (or minimum contents) and the minimum gage height if it is
significant are given under "EXTREMES." The minimum daily discharge
is given if there is extensive regulation (also the minimum discharge
and gage height if they are abnormally low). In the first paragraph
headed "Current year," the data given are for the complete current
water year unless otherwise specified. In the second paragraph under
"EXTREMES" headed "Period of record:" the data given are for the period
of record given in PERIOD OF RECORD paragraph. Reliable information
concerning major floods that occurred outside the period of record is
given in the third or last paragraph under "EXTREMES." Unless other-
wise qualified, the maximum discharge (or contents) corresponds to

- the crest stage obtained by use of a water-stage recorder (graphic

or digital), a crest-stage gage, or a nonrecording gage read at the
time of the crest. If the maximum gage height did not occur at the
same time as the maximum discharge (or contents), it is given sepa-
rately. Information pertaining to the accuracy of the discharge re-
cords, to conditions that affect the natural flow at the gaging sta-
tion, and availability of Water Quality records, is given under "RE-
MARKS:" for reservoir stations information on the dam forming the
reservoir, the capacity, outlet works and spillway, and purpose and
use of the reservoir, is also under "REMARKS."

Previously published records of some stations have been found to
be in error on the basis of data or information later obtained. Re-
visions of such records are usually published along with the current
records in one of the annual or compilation reports. In order to
make it easier to find such revised records, a paragraph headed "RE-
VISIONS (WATER YEARS)" has been added to the description of all sta-
tions for which revised records have been published. IListed therein
are all the reports in which revisions have been published, each fol-
lowed by the water years for which figures are revised in that report.
In listing the water years only one number is given; for instance,
1965 stands for the water year October 1, 1964, to September 30, 1965.
If no daily, monthly, or annual figures of discharge were revised,
that fact is brought out by notations after the year dates as follows:
"(M)" means that only the instantaneous maximum discharge was revised;
"(m)" that only the instantaneous minimum was revised; and "(P)" that
only peak discharges were revised. If the drainage area has been re-
vised, the report in which the revised figure was first published is
given. It should be noted that for all stations for which cubic feet
per second per square mile and runoff in inches are published, a re-
vision of the drainage area necessitates corresponding revision of all
figures based on the drainage area. Revised figures of cubic feet per
second per square mile and runoff in inches resulting from a revision of
the drainage ares only are usually not published in the annual series
of reports.
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Skeleton rating tables are published for stream-gaging stations
where they serve a useful purpose and the dates of applicability can
be easily identified.

Skeleton capacity tables are published for all reservoirs for
which records of contents are published on a daily basis.

The daily table for stream-gaging stations gives the discharge
corresponding to the daily mean gage height unless there are large
or rapid changes in the discharge during a day. For days having
large or rapid changes, discharge for the day is computed by averaging
the mean discharge for several parts of a day. For digital recorders,
the daily mean discharge is always the average of the discharges at
each punched reading.  For stations equipped with nonrecording gages,
the daily discharge corresponds to once-daily readings of the gage or-
to the mean of twice-daily reading; but for periods of rapidly changing
stage the discharge is determined from a gage-height graph based on
gage readings.

The daily tables for reservoir stations give the contents corres-
ponding to the water-surface elevation at a given time, usually at
2400 each day. For some reservoirs the elevation at a given time is
given in the daily table.

The monthly summary is given below the daily table. For strean-
gaging stations the line headed "TOTAL" gives the sum of the daily
figures. The line headed "MEAN" gives the average flow in cubic feet
per second during the month. The lines headed "MAX." and "MIN." give
the maximum and minimum daily discharges, respectively, for the month.
Discharge for the month also may be expressed in cubic feet per second
per square mile (line headed "CFSM."), or in ("AC-FT"). Figures for
cubic feet per second per square mile and runoff in inches are omitted
if there is extensive regulation of diversion, if the drainage area
includes large noncontributing areas, or if the average rainfall on
the drainage basin is usually less than 20 inches.

For reservoir stations, the monthly summary gives the elevation
(or gage height) at the end of the month and the change in contents
during the month. If elevation or gage height is given in the daily
table, the monthly summary gives the contents at the end of the month,
rather than the elevation or gage height. For some reservoirs a tabu-
lation of monthly evaporation from the water surface also is included.

In the yearly summary below the monthly summary, the figures fol-
lowing MAX are the maximum daily discharges for the calendar and water
years; likewise, those following MIN are minimum daily discharges.

For reservoir stations the yearly summary gives the change in
contents for the calendar year and for the water year. For some re-
servoirs the yearly evaporation also is included.



WATER RESOURCES DATA FOR MINNESOTA, 1970 13

Peak discharges and their times of occurrence and corresponding
gage heights for many stations are listed below the yearly summary.
All independent peaks above the selected base are given. The base
discharge, which is given in parentheses, is selected so that an
average of about three peaks a year can be presented. Peak discharges
are not published for any canals, ditches, drains, or for any stream
for which the peaks are subject to substantial control by man. Time
of day is expressed in 24-hour local standard time; for example, 12:30
a.m. is 0030, 1:30 p.m. is 1330.

In a general footnote, introduced by the word "NOIE," certain
periods are indicated for which the discharge is computed or esti-
mated by special methods because of no gage-height record, backwater
from various sources, or other unusual conditions. Periods of no
gage-height record are indicated if the period is continuous for a
month or more or includes the maximum discharge for the year. Periods
of backwater from an unusual source, of indefinite stage-discharge re-
lation, or of any other unusual condition at the gage are indicated only
if they are a month or more in length and the accuracy of the records
is affected. Days on which the stage-discharge relation is affected
by ice are not indicated. The methods used in computing discharge for
various unusual conditions have been explained in preceding paragraphs.
Footnotes to reservoir tables may be used to explain the use of new
capacity tables or for other special conditions.

Accuracy of Data

The accuracy of discharge data depends primarily on (1) the
stability of the stage-discharge relation, or if the control is un-
stable, the frequency of discharge measurements, and (2) the accuracy
of observations of stage, measurements of discharge, and interpretation
of records.

The station description under "REMARKS" states the degree of ac-
curacy of the records. "Excellent" means that about 95 percent of
the daily discharges is within 5 percent; "good" within 10 percent;
and "fair'" within 15 percent. "Poor" means that daily discharges have
less than "fair" accuracy.

Figures of daily mean discharge in this report are shown to the
nearest hundredth of a cubic foot per second for discharges of less
than 1 cfs; to tenths between 1.0 and 10 cfs; to whole numbers between
10 and 1,000 cfs; and to 3 significant figures abowe 1,000 cfs. The
number of significant figures used is based solely on the magnitude of
the figure. The same rounding rules apply to discharge figures listed
for partial-record stations and miscellaneous sites.

Discharge at many stations, as indicated by the monthly mean, may
not reflect natural runoff due to the effects of diversion, consumptive
use, regulation, evaporation or other factors. For these stations, dis-
charge in cubic feet per second per square mile and runoff in inches are
not published unless satisfactory adjustments can be made for such effects.
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Evaporation from a reservoir is not included in the adjustments for
changes in reservoir contents, unless it is so stated. Even at those
stations where adjustments are made, large errors in computed runoff
may occur if adjustments or unadjusted losses (consumptive use, eva-
poration, seepage, etc.) are large in comparison with the observed
discharge.

Publications

Bach volume of the 1960 series of U.S. Geological Survey water-
supply papers entitled "Surface Water Supply of the United States"
contains a listing of the numbers of all water-supply papers in which
records of surface-water data were published for the area c¢overed by
the individual volumes. FEach volume also contains a list of water-
supply papers that gives detailed information on major floods for the
area. A new series of water-supply papers containing surface-water
records for the 5-year period October 1, 1960, to September 30, 1965,
also will include lists of annual and special reports published as
water-supply papers.

Records through September 1950 for the area covered by this
report have been compiled and published in Water-Supply Papers
1307 (4), 1308 (5), and 1309 (6A); records for October 1950 to
September 1960 have been compiled and published in Water-Supply
Papers 1727 (4), 1728 (5), and 1730 (6B). These reports contain
summaries of monthly and annual discharge and monthend storage for
all previously published records, as well as some records not con-
tained in the annual series of water-supply papers. All records were
re-examined and revised where warranted. Estimates of discharge were
made to fill short gaps whenever practical. The yearly summary table
for each gaging station lists the numbers of the water-supply papers
in which daily records were published for that station.

Special reports on major floods or droughts or of other hydro-
logic studies for the area have been issued in publications other
than water-supply papers. Information relative to these reports
may be obtained from the district office. ‘

Other Data Available

Data collected at partial-record stations and at miscellaneous
sites are given in three tables at the end of the surface-water
records in this report. The first is a table of discharge measure-
ments at low-flow partial-record stations, the second is a table of
annual maximum stage and discharge at crest-stage stations, and the
third is a table of discharge measurements at miscellaneous sites.

More detailed information, than that published for most of the
gaging stations, such as discharge measurements, gage-height record,
and rating tables, is on file in the district office. Many gaging-
stations records in Minnesota have been analyzed through 1968 to
give several statistical summaries: (1) the number of days in each
year that the daily discharge was between selected limits (duration
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tables); (2) the lowest mean discharge for selected numbers of con-
secutive days in each year; and (3) the highest mean discharge for
selected numbers of consecutive days in each year.

PART 2. WATER QUALLITY RECORDS

Collection and examination of datsa

Water samples for analyses usually are collected at or near
gaging stations. The discharge records at these stations are used
in conjunction with the computations of the chemical constituents
and sediment loads in this report.

Descriptive statements are given for water-quality stations
located at or near streamflow stations. Given are location, drain-
age area, periods of record for the various water-quality data,
extremes of pertinent data, and general remarks, in a format similar
to that used for streamflow gaging stations. For ground-water sta-
tions, no descriptive statements are given; however, the well number,
depth of well, date of sampling, and other pertinent data are given
in the table containing the chemical analyses of the ground water.

Data on the quality of surface water were collected from desig-
nated sampling sites (map on page 222) at predetermined intervals
such as once daily, weekly, monthly or less frequently. Whereas at
some sites it was necessary to continuously record data on a punched
paper tape at 15-, 30-, or 60-minute intervals. Data on quality of
ground water were collected at 65wells throughout the State

Water-quality information is presented for chemical quality,
biological, microbiological, water temperature, and fluvial sediment.
Chemical quality includes concentrations of individual dissolved
constituents and certain properties or characteristics such as hard-
ness, sodium adsorption ratio, specific conductance, and pH. The
biological information includes qualitative and quantitative analyses
of plankton, bottom organisms, and particulate inorganic and amorphous
matter present. Microbiological information includes quantitative
identification of certain bacteriological indicator organisms. Water-
temperature data represent once-daily observations except for sta-
tions where a continuous temperature recorder furnished information
from daily minimums and maximums are obtained. Fluvial-sediment in-
formation is given for suspended-sediment discharges and concentra-
tions and for particle-size distribution of suspended sediment and
bed material.

Prior to the 1968 water year, data for chemical constituents and
concentration of suspended sediment were reported in parts per million
(prm) and water temperatures were reported in degrees Fahrenheit (°F).
In October 1967 the U. S. Geological Survey began to use the metric
system; data for chemical constituents and concentrations of suspended
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sediment are now reported in milligrams per liter (mg/l) and water
temperatures are given in degrees Celsius (centigrade, °C). In waters
with a density of 1.000 g/ml (grams per milliliter), parts per million
and milligrams per liter can be considered equal. In waters with a
density greater than 1.000 g/ml, values in parts per million should

be multiplied by the density to convert to milligrams per liter. To
convert temperatures in degrees Fahrenheit to degrees Celsius, see
table 3 below.

In October 1968, the Geological Survey began reporting many of
the chemical constituents as well as the minor elements in micrograms
per liter instead of milligrams per liter. (See "Definition of Terms,"

p. 4.)

Table 3.--Degrees Fahrenheit (°F) to degrees Celsius (°C)* Tempera-
ture reported to nearest 0.5°C)

°F  °C °F °C °F °C °F °C °F °C
32 0.0 50 10.0 68 20.0 86 30.0 04 L4o0.0
33 .5 51 10.5 69 20.5 87 30.5 105 L40.5
3+ 1.0 52 11.0 70 21.0 88 31.0 106 L41.0
35 1.5 53 11.5 71 21.5 89 31.5 107 L41.5
36 2.0 sk 12.0 72 22.0 90 32.0 108 L42.0
37 3.0 55 13.0 73 23.0 91 33.0 109 43.0
38 3.5 56 13.5 ™" 23.5 92 33.5 110 43.5
39 4.0 57 14.0 75 24.0 93 34k.0 111 44.0
4L 4.5 58 1k4.5 7% 24.5 gk 3k4.5 112 kLh.5
41 5.0 59 15.0 77 25.0 95 35.0 113 45.0
k2 5.5 60 15.5 78 25.5 9% 35.5 114 L45.5
43 6.0 61 16.0 79 26.0 o1 36. 115 L6.

Ly 6.5 62 16.5 80 26.5 98 36.5 116 L46.5
ks 1.0 63 17.0 81 27.0 99 37.0 117 L4T7.0
L6 8.0 64 18.0 82 28.0 100 38.0 118 L48.

k7 8.5 65 18.5 83 28.5 101 38.5 119 .48.5
48 9.0 66 19.0 84 29.0 102 390 120 49.0
L9 9.5 67 19.5 85 29.5 103 39. 121 49.5

*°C = 5/9 (°F - 32) or °F = 9/5 (°C) + 32.

Solutes

The methods of collecting and analyzing water samples for deter-
mining the kinds and concentrations of solutes are described by Skoug-
stad, Brown, and Fishman (1970). One sample can define adequately the
water quality at a given time if the mixture of solutes throughout the
stream cross section is homogeneous. However, the concentration of
solutes at different locations in the cross section may vary widely with
different rates of water discharge, depending on the source of material
and the turbulence and mixing of the stream. Some streams must be sampled
?t several verticals across the channel to determine accurately the solute

oad.
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Ground-water quality does not change significantly during short
periods of time; infrequent sampling and analysis of ground water ade-
aquately define ground-water quality at a given site. Water samples
from wells are analyzed individually.

Tempersture

Water temperatures are measured at most of the water-quality stations.
For daily stations, the water temperatures are taken about the same time
each day when sample is collected. Large streams have a small diurnal
temperature change while small, shallow streams may have a daily range of
several degrees and may follow closely the changes in air temperature.
Some streams may be affected by waste-heat discharges.

At stations where continuously recording thermographs are present,
the records consist of maximum and minimum temperatures for each day and
the monthly averages.

Sediment

Suspended-~sediment concentrations are determined from samples col-
lected by using depth-integrating samplers. Samples usually are obtained
at several verticals in the cross-section, or a single sample may be ob-
tained at a fixed point and a coefficient applied to determine the mean
concentration in the cross sections. '

During periods of rapidly changing flow or rapidly changing concen-
tration, samples may have been collected more frequently (twice daily or,
in some instances, hourly). The published sediment discharges for days
of rapidly changing flow or concentration were computed by the sub-divided
day method (time-discharge weighted average). Therefore, for those days
when the published sediment discharge value differs from the value com-
puted as the product of discharge times mean concentration times 0.0027,
the reader can assume that the sediment discharge for that day was com-
puted by the sub~-divided day method. For periods when no samples are
collected, daily loads of suspended sediment are estimated on the basis
of water discharge, sediment concentrations observed immediately before
and after the periods, and suspended-sediment loads for other periods
of similar discharge.

At other stations, suspended-sediment samples are collected period-
ically at many verticals in the stream cross section. Although data
collected periodically may represent conditions only at the time of ob-
servation, such data are useful in establishing seasonal relations be-
tween quality and streamflow in predicting long-term. sed1ment-dlscharge
characteristics of the stream. -

In addition to the records of the quantities of suspended sediment,
records of periodic measurements of the particle-size distribution of the
suspended sediment and bed material are included.
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Publications

The annual series of water-supply papers that contain information
on quality of surface waters in Minnesota are listed below:

Water Parts Parts Parts Parts Water Parts Parts Parts Parts
year 1-14 1-4 3-4 5-6 year 1-1h 1-k 3-4 5-6

1941 k2 --- --- -—- 1954 --- 1350 --- 1351
1942 950 === === -ee 1955 --- 1400  --- 1k01
1943 970  --- -—- - 1956 --- 1k50 --- 151
1944 1022 --- - - 1957 --- 1520 --- 1521
1945 1030  --- - - 1958 --—- 1571 --- 1572
1946 1050  --- -—— - 1959 —— me- 1642 1643
1947 1102 --- - ——— 1960 —_—— m-- 1742 1743
1948 ——- 1132 -e- 1132 1961 —_—— me- 1882 1883
1949 ——— 1162 --- 1162 1962 c—m eme 1942 1943
1950 ——— 1186  --- 1187 1963 _——— —aa 1948 1949
1951 ——— 1197  --- 1198 1964 cem mee 1955 1956
1952 c-- 1250  --- 1251 1965 ——— eaa 1962 1963
1953 —- 1290  --- 1291 1966 ——— ema 1992 1993

HYDROLOGIC CONDITIONS

Annual runoff during the 1970 water year was generally near nor-
mal. The water year began with greater than normal streamflow through-
out the State during October and November. During the winter period
and continuing through the spring and early summer, streamflow returned
to near normal conditions. During July and August streamflow was
generally less than normal.

No significant floods occurred during the year. Heavy snow cover
did accumulate during the winter months; however, ideal melting con-
ditions during late March and early April prevented any severe flooding.
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PART 1. SURFACE WATER RECORDS
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Figure 2.-- Map showing location of lake and stream gaging stations.



STREAMS TRIBUTARY TO LAKE SUPERIOR 23
04010500 Pigeon River at Middle Falls, near Grand Portage, Minn.
(International gaging station)

LOCATION.--Lat 48°00'44", long 89°36°'S8", in NE% sec.24, T.64 N., R.6 E., Cook County, on right bank 400 ft up-
stream from Middle Falls, 2.5 miles upstream from Grand Portage Port of Entry, 3.5 miles upstream from mouth,
and 4.7 miles northeast of village of Grand Portage.

DRAINAGE AREA.--600 sq mi.

PERIOD OF RECORD.--June to October 1921, April to November 1922, March 1923 to current year. Published as "at
International Bridge" April 1924 to September 1940; as "below International Bridge" October 1940 to September
1965. Monthly discharge only for some periods, published in WSP 1307.

GAGE.--Water-stage recorder. Datum of gage is 789.58 ft above mean sea level, datum of 1929. Prior to Sept. 30,
1940, nonrecording gage at International Bridge, 5.8 miles upstream at datum 100.24 £t higher.

AVERAGE DISCHARGE.--47 years (1923-70), 489 cfs (11.07 inches per year).
EXTREMES .--Current year: Maximum discharge, 5,780 cfs Apr. 30 (gage height, 8.40 f£t); minimum, 92 cfs Oct. 23
{gage height, 0.57 ft).
Period of record: Maximum discharge, 11,000 cfs May 5, 1934 (gage height, 7.6 ft, site and datum then in
use), from rating curve extended above 7,000 cfs; minimum, 27 cfs Nov. 4, 1945 (gage height, -0.08 ft).
REMARKS .~--Records good except those for winter months, which are fair.

COOPERATION.~--This station is one of the international gaging stations maintained by the United States under
agreement with Canada.

REVISIONS (WATER YEARS).--WSP 744: 1927-28, WSP 804: 1934(M). WSP 974: Drainage area. WSP 1337: 1924(M),
1925, 1926-28(M), 1931(M), 1938(M), 1941(M), 1945-46(M), 1947, 1948(M), 1950(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTCUBER 1969 TO SEPTEMBER 1970

DAY ocT NOvV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
i 106 182 11s 129 ile 106 112 5¢380 24570 943 297 145
2 114 245 112 128 116 109 112 4,510 24400 811 284 171
3 117 256 110 128 116 130 113 3,750 2,200 164 268 197
4 116 244 104 127 116 155 114 3,320 2,030 757 256 219
5 117 229 104 127 116 150 118 3,050 1,880 713 237 21t
6 206 213 105 126 115 147 127 2+760 1,740 659 224 165
7 303 199 107 125 115 143 145 2,500 1,620 627 215 184
8 287 186 110 125 115 136 235 24370 1,510 655 208 177
9 250 177 113 124 115 130 302 2,430 1,410 672 200 175
10 227 170 115 124 116 127 305 2,700 14410 624 195 267
i1 206 166 127 123 116 126 295 24730 1,640 589 190 346
12 189 165 132 122 116 125 290 2+590 1,680 578 187 316
13 184 130 130 121 115 125 286 24410 1,570 582 186 268
14 173 120 122 120 114 125 292 2,230 1,450 565 185 245
15 165 123 116 120 113 125 320 24260 14360 552 189 233
i6 159 126 115 119 112 125 420 24360 1,330 546 189 239
17 155 128 127 118 111 126 700 2+3C0 1,500 518 188 244
i8 145 128 125 118 110 127 970 2,170 1,610 488 183 237
19 138 125 119 118 109 128 960 2,040 1,620 490 i7t 223
20 137 122 113 118 107 129 930 2,030 1,480 495 164 214
21 130 116 109 117 106 130 881 3,860 1+350 478 160 680
22 121 120 108 117 105 130 953 34620 1,250 447 172 640
23 113 123 108 117 104 132 1,080 3,300 1,170 417 1t 483
24 108 121 118 117 103 134 1,300 2,880 1,110 392 178 434
25 114 117 132 117 103 134 1+680 2,860 1,080 372 174 429
26 126 111 140 117 103 135 2,430 3,210 1,010 359 166 427
27 123 107 138 117 103 131 34450 3,040 956 347 163 409
28 119 108 135 117 104 125 45060 2,710 917 337 155 376
29 118 111 132 117 —————— 120 4y 240 2+460 872 325 148 343
30 117 113 130 117 ————— 117 54620 24700 841 312 148 316
31 121 —————— 130 117 === 113 ————— 2+730 ——— 302 148 ————
TOTAL 44806 49581 3,700 34747 3,110 3,995 32,840 89,260 444566 16,716 64005 9,043
MEAN 155 153 119 121 111 129 1,095 2,879 1,486 539 194 301
MAX 303 256 140 129 116 155 59620 5¢380 2,570 943 297 680
MIN 106 107 104 117 103 106 112 2,030 841 302 148 145
CFsSM «26 25 «20 «20 .19 .21 1.82 4.80 2.48 «90 «32 «50
IN. «30 «28 23 «23 .19 25 2.04 5453 2.76 1.04 «37 «56
CAL YR 1969 TOTAL 196,315 MEAN 538 MAX 4,550 MIN 65 CFSM .90 IN 12.17
WTR YR 1970 TOTAL 222,367 MEAN 609 MAX 5,620 MIN 103 CFSM 1.02 IN 13,78

PEAK DISCHARGE (BASE, 3,000 CFS)
DATE TIME Ge Ho DISCHARGE DATE TIME Ge He DISCHARGE
4-30 2000 8.40 5,780 5-21 0345 7.21 4,150
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24 STREAMS TRIBUTARY TO LAKE SUPERIOR
04014500 Baptism River near Beaver Bay, Minn.

in SEMNE% sec.l5, T.56 N., R.7 W., Lake County, on right bank 30 ft
mile upstream from mouth, 4 miles northeast of Silver Bay, and 7

LOCATION.--Lat 47°20'15", long 91°12°'00",
upstream from bridge on U.S. Highway 61, 0.2
miles northeast of village of Beaver Bay.

DRAINAGE AREA.--140 sq mi.

PERIOD OF RECORD.--October 1927 to current year., Monthly discharge only for some periods, published in WSP 1307.
GAGE.T-water-stage recorder. Datum of gage is 609.97 ft above mean sea level (Corps of Engineers bench mark}).
Prior to Oct. 5, 1934, nonrecording gage at same site and datum.

AVERAGE DISCHARGE.--43 years, 161 cfs (15.62 inches per year).

EXTREMES.--Current year: Maximum discharge, 2,790 cfs Apr. 27 (gage height, 4.10 ft); minimum, 5.1 cfs Sept. 1.
Period of record: Maximum discharge recorded, 9,350 cfs Aug. 9, 1939 (gage height, 8.11 ft), from rating
curve extended above 4,000 cfs; maximum gage height, 11.06 ft Apr. 12, 1965 (from floodmark, backwater from
ice) ; minimum daily discharge, 0.4 cfs Jan. 5, 6, 1940.

REMARKS . ~-Records good except those for winter periods, which are fair. Records of chemical analyses, water
temperatures and suspended sediment loads for the water year 1970 are published in Part 2 of this report.

REVISIONS (WATER YEARS).--WSP 894: 1939. WSP 1337: 1933-34(M), 1935.

CISCHARGE, IN CUBIC FEET FER SECCNOy, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

cAY ccT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP

1 141 186 42 28 25 22 33 1,990 295 64 14 Se

2 140 189 33 27 5 21 32 1,760 255 52 13 27

3 122 180 29 27 23 3¢ 3c 929 229 48 11 24

4 11¢ 17¢ 27 27 23 a7 34 543 213 50 11 16

5 104 162 25 26 24 38 38 526 199 40 10 13

& 144 154 29 26 23 36 50 44k 183 33 SeS 12

7 143 143 34 25 24 35 85 399 162 32 9e3 13

[ 132 133 41 25 24 34 165 385 143 73 8.8 12

s 125 127 45 25 24 32 200 484 125 86 Be5 14
10 115 119 48 s 24 30 213 460 109 69 749 20
11 1c2 114 49 25 24 29 210 399 101 52 Te& 16
12 92 107 47 25 24 27 200 326 103 39 8e2 14
12 a8 100 44 25 24 26 273 291 122 39 842 13
14 8¢ 79 42 25 24 25 339 250 118 33 Te1 13
15 81 72 41 24 22 24 428 259 106 41 14 17
‘16 T4 75 £ 24 22 24 577 259 157 46 12 20
17 69 82 38 24 22 24 603 238 192 41 10 18
1€ &5 68 37 24 23 25 534 223 301 31 [N 16
15 5% 60 35 24 22 26 452 215 273 40 Se0 15
20 66 57 33 24 22 26 339 235 226 45 7.9 14
21 70 56 25 24 21 28 364 413 206 41 Tel 35
22 68 70 25 23 22 32 345 357 192 33 T4 28
23 6C T2 25 22 22 35 365 301 170 26 8e5 22
24 65 13 28 22 23 37 413 268 151 22 749 21
25 92 68 30 22 23 40 €48 255 124 20 6e8 21
26 12¢ 55 32 22 23 43 1,4C0 241 112 18 €e3 22
27 118 50 31 23 23 41 1,850 226 101 19 6e3 20
28 - 115 54 30 24 22 39 2,290 215 9% 17 €el 19
25 103 53 25 25  em———e 37 2,170 213 85 16 Se6 18
3¢ 98 50 28 26  ——=ee=- 35 2,090 226 70 17 5.8 17
31 118 ===—e- 28 26  m—=—e- 33 em—e—- 235  ewem—- 17 548 —ewme—
TCTAL 3,091 2,978 1,073 764 648 STl 16,790 13,567 49917 1,200 27046 53344
MEAN 95,7 99,3 3446 26446 23,1 3143 560 438 164 3647 8e73 17.8
MAX 144 189 49 28 25 43 2,290 1,990 301 86 L4 35
MIN 59 50 25 22 21 21 30 213 70 16 Se& Se
CFSM .71 .71 .25 .18 .17 .22 4400 3,13 lel7 28 «06 o13
IN-\ .82 .79 .29 .20 17 .26 4o b6 3,60 le31 32 «07 olé
CAL YR 19€9 TOTAL 65,606,0 MEAN 191  FAX 2,120 MIN 11 CFSM 1e36 IN 18450
WTR YR 1970 TOTAL 46,803,0 KEAN 128  MAX 2,290 MIN 5S¢4 CFSM .91 IN 12.44

PEAK DISCHARGE (BASE, 1,300 CFS)
DATE TIME G.HT, DISCHARGE DATE  TIME .HI. DISCHARGE

4-27 2245 4.10 2,790



STREAMS TRIBUTARY TO LAKE SUPERIOR

04015500 Second Creek near Aurora, Minn.

25

LOCATION.--Lat 47°31'25%, long 92°11'35", in SWy sec.l2, T.58 N., R.15 W., St. Louis County, on left bank 0.1

mile downstream from First Creek, 0.4 mile upstream from mouth, and 2.l miles east of Aurora.

DRAINAGE AREA.--26.3 sq mi.
PERIOD OF RECORD.--March 1955 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,410.36 £t above mean sea level, datum of 1929 (levels by Erie

Mining Company) .
AVERAGE DISCHARGE.--15 years, 21.3 cfs (11.00 inches per year).

EXTREMES.--Current year: Maximum discharge, 95 cfs Apr. 27 (gage height, 4.74 ft); maximum gage height, 5.66 ft

Mar. 22 (backwater from ice); minimum discharge, 8.1 cfs Sept. 9 (gage height, 3.53 ft).
Period of record: Maximum discharge, 213 cfs Apr. 22, 1961; maximum gage height, 5.75 ft Mar. 28, 1957

(backwater from ice); minimwn daily discharge, 1.5 cfs Jan. 26 to Feb. 4, 1963; minimum gage height, 3.10 ft

Feb. 2, 3, 4, 1963.

REMARKS .--Records good except those for winter months, which are fair.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TG SEPTEMBER 1970

cAY ocT NOV DEC JAN FEB MAR APR
1 38 40 20 10 17 28 37
2 36 46 20 9.8 16 28 26
3 33 %0 19 9.8 16 27 35
n 31 37 19 9.6 16 27 a5
5 30 36 19 9.4 18 26 36
€ 32 36 19 9.2 18 25 L)
7 32 35 20 5.0 17 24 50
8 33 36 20 9.0 17 23 70
9 20 34 20 9.4 17 23 60
10 30 3 20 10 18 23 52
il 28 30 20 i1 18 22 47
12 26 30 19 11 2¢ 22 42
13 27 28 19 10 21 22 36
14 26 26 18 $.5 20 22 35
15 25 25 18 9.1 19 22 35
16 24 23 17 9.3 18 22 35
17 22 22 17 9.8 18 22 34
18 21 22 16 11 17 25 33
19 20 21 15 12 17 30 32
20 20 21 15 12 1e 40 31
.21 20 22 14 12 18 50 34
22 21 22 14 11 19 65 39
23 20 23 ) 11 20 62 43
24 21 23 13 11 21 60 51
25 25 22 12 12 23 58 57
26 30 21 12 12 21 55 58
27 29 12 11 13 28 54 85
28 21 19 11 14 28 51 e3
29 24 19 11 15 ————— 48 75
30 24 20 10 15 —— 46 72
31 . 28 mmme—- 10 T Z—— 41 mm————
TOTAL 833 827 501 34249 540 1,091 1,407
MEAN 2649 27.6 16,2 1.1 19.3 5.2 46.9
MAX a8 46 20 17 28 65 85
MIN 20 19 io 9.0 16 22 31
CFSM 1.02 1.05 .62 42 .13 1.34 1.78
IN. 1.18 1.17 .71 .49 .TE 1.54 1.99
CAL YR 1969 TOTAL 13,311.0 FEAN 36.5 MAX 126 MIN 10 CFSM 1.39

WTR YR 1970 TGTAL 10,010.7 PEAN 27.4 Max 85 MIN 8.5 CFSM 1.04

DATE

3-22
4-08

PEAK DISCHARGE (BASE, 60 CFS)
TIME G. H. DISCHARGE DATE TIME G. He DISCHARGE

0845 5.66 87 4-27 1415 4.74 95
0530 5.13 75 5-25 1715 4.40 62

MAY JUN
62 56
53 51
48 45
44 41
4% 37
44 33
44 29
44 29
51 29
50 42
46 56
41 56
39 58
39 59
43 55
45 50
43 49
40 47
38 41
37 36
43 40
44 EL)
40 38
53 36
61 34
58 3s
56 36
48 L
48 32
59 28
57 ——————

14462 1,257
47.2 41.9
62 59
37 28
1.79 1.5%
2.07 1.78
IN 18.83
IN 14.16

1.05
1.21

527 .4
17.0
30
8.5
65
<75

SEP



26 STREAMS TRIBUTARY TO LAKE SUPERIOR
04016000 Partridge River near Aurora, Minn,

LOCATION.--Lat 47°31'02", long 92°11'24", in SE%SW4 sec.l12, T.58 N., R.15 W., St. Louis County, on right bank at
upstream side of highway bridge, 1,000 ft downstream from Second Creek, 2.5 miles east of Aurora, and 2.8
miles upstream from mouth.

DRAINAGE AREA.--156 sq mi.
PERIOD OF RECORD,.--August 1942 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,402.30 ft above mean sea level, datum of 1929. Auq._S,'1942:
to Aug. 25, 1944, nonrecording gage, and Aug. 26, 1944, to July 1, 1956, water-stage recorder at site 45 ft
downstream at same datum.

AVERAGE DISCHARGE (adjusted for storage and diversion) .--28 years, 125 cfs (10.88 inches per year}.

EXTREMES.--Current year: Maximum discharge, 1,010 cfs May 2 (gage height, 5.25 ft); minimum daily, 16 cfs
Aug, 25, 26, 28, 29. )
Period of rec,ordz Maximum discharge, 3,230 cfs May 10, 1950 (gage height, 7.86 ft); minimum, 2.2 cfs
Jan. 30, 31, 1961; minimum gage height, 0.88 ft Mar. 2, 1963.

REMARKS,--Records good except those for winter periods, which are fair. Flow regulated at times by storage in
off-channel Partridge Reservoir, formerly known as Whitewater Lake. Reservoir formed from lake by levees
around marsh areas and natural outlet. Available capacity, 20,000 acre-ft between elevations 1,410 (natural
lake level) and 1,440 ft. Storage began Apr. 9, 1955. Storage in reservoir obtained from Colby.l..ake.dnrmq
periods of high flow; release from storage returned to Colby Lake to maintain lake elevation during d:.vgnion
for iron-ore processing. Diversion began Feb. 7, 1956. Some seepage losses from reservoir bypass station.

REVISIONS (WATER YEARS).--WSP 974: 1942. WSP 1307: 1943(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

0AY act NOV OEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 87 119 56 26 28 38 54 959 427 59 41 10
2 78 137 54 25 28 38 56 993 399 56 39 23
3 71 155 53 24 28 38 57 896 359 57 37 21
4 7C 171 51 23 29 37 56 784 307 58 37 20
5 71 159 49 21 31 36 59 681 273 56 37 20
6 68 135 %9 21 . 31 35 61 592 228 53 36 1e
7 72 99 49 20 30 34 73 519 191 s1 36 10
8 70 79 50 26 30 34 106 462 163 52 36 19
9 66 76 51 20 30 34 9 433 142 51 35 17
10 68 81 50 21 30 33 92 393 147 50 34 19
11 63 76 49 22 31 32 99 372 157 49 32 20
12 71 70 “8 24 32 32 88 356 160 48 31 22
13 71 66 48 24 33 32 17 335 167 48 31 22
14 67 60 7 24 34 32 78 314 167 49 29 23
15 61 57 46 23 32 32 81 289 161 52 27 23
16 63 56 45 23 30 33 92 27 152 48 26 23
17 53 55 44 23 29 33 85 266 144 46 22 24
18 58 54 43 24 29 34 79 257 134 47 20 25
19 6% 53 42 26 29 38 76 239 124 54 20 24
20 58 54 41 27 29 42 71 225 118 53 17 23
21 60 54 39 26 29 53 67 223 114 54 17 23
22 58 55 37 25 3¢ 68 73 23C 107 55 19 22
23 59 57 35 24 30 75 82 240 100 54 18 21
24 61 59 34 23 32 80 92 279 90 53 17 20
25 63 59 32 23 33 81 101 328 83 50 16 20
26 78 60 32 24 36 78 102 360 80 48 16 21
217 81 58 31 25 37 4 153 406 77 44 134 24
28 85 56 30 25 38 70 233 395 74 41 16 24
29 83 54 29 26  ————ee 68 370 389 66 40 16 2%
30 3¢ 55 28 b B 67 753 435 59 41 17 28
31 100  ====—- 27 28 —m=——— 6l  em———— 430 —m————- 42 18 —ceme-
TOTAL 2¢L179 24379 14319 737 868 1472 3,560 13,351 4497C 1,555 808 631
MEAN 7C.3 79.3 42.5 23.8 31.0 47.5 119 431 166 50.2 2641 21.7
MAX 100 171 56 28 38 81 753 993 427 58 41 28
MIN 58 53 27 20 28 32 54 223 59 40 16 1
(£) +18.8 +25.9 +4.52 +2.94 -0.36 +0.41 +133 +209 +26.4 +0.80 +17.0 -0.43
MEAN # 89.1 105 47.0 26.7 30.6 47.9 252 452 192 49.4 43.1 21.3
CFSM # 0.57 0.67 0.30 0.17 0.20 0.31 1.62 2.90 1.23 0.32 0.28 0.14
IN. # 0.66 0.75 0.35 0.20 0.20 0.35 1.80 3.33 1.37 0.37 0.32 0.15
CAL YR 1969 MEAN 157 MEAN # 175  MAX 1,600 MIN 27 CFSM # 1,12 IN, # 15.23
WTR YR 1970 MEAN 92.7 MEAN # 112  MAX 993  MIN 16 CFSM # 0.72 IN. # 9.73

# Change in contents in Partridge Reservoir and diversion to iron-ore processing plant, equivalent in cubic
feet per second; furnished by Erie Mining Co.
# Adjusted for change in contents and diversion.



STREAMS TRIBUTARY TO LAKE SUPERIOR 27
04016500 St. Louis River near Aurora, Minn.

LOCATION.--Lat 47°29'30", long 92°14'20", in Swi sec.22, T.58 N., R.15 W., St. Louis County, on left bank at up-
stream side of highway bridge, 0.8 mile downstream from Partridge River and 1.5 miles south of Aurora.

DRAINAGE AREA.--312 sq mi.
PERIOD OF RECORD.--August 1942 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,371.24 ft above mean sea level, datum of 1929. Prior to Aug. 26,
1944, nonrecording gage at same site and datum.

AVERAGE DISCHARGE (adjusted for storage and diversion) .--28 years, 242 cfs (10.53 inches per year).

EXTREMES.--Current year: Maximum discharge, 1,700 cfs May 2 (gage height, 4.50 ft); minimum, 24 cfs Aug. 28-30
(gage height, 0.74 ft).
Period of record: Maximum discharge, 5,380 cfs May 14, 1950 (gage height, 8.37 ft); minimum, 4.0 cfs Oct.
2, 3, 1948 (gage height, 0.30 ft).

REMARKS . --Records good except those for winter months, which are fair. Flow regulated at times by storage in
off-channel Partridgé Reservoir, formerly known as Whitewater Lake. Reservoir formed from lake by levees
around marsh areas and natural outlet. Available capacity 20,000 acre-ft between elevations 1,410 ft (nat-
ural lake level) and 1,440 ft. Storage began Apr. 9, 1955. Storage in reservoir obtained from Colby Lake
during periods of high flow; release from storage returned to Colby Lake to maintain lake elevation during
~diversion for iron-ore processing. Diversion began Feb. 7, 1956. Some seepage losses from reservoir enter
above station.

REVISIONS (WATER YEARS) .--WSP 1337: 1950.

OISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

CAY (i1A 4 NOV 0EC JAN FEB VAR APR MAY JUN JuL AUG SEP
1 142 155 122°° 67 57 70 100 1,620 796 105 56 26

2 137 225 120 €3 56 71 100 1,690 763 102 56 32

3 130 256 116 s 54 73 102 1,620 709 106 56 32

s 132 278 1311 56 55 el 105 1,520 647 104 s7 29
s 135 211 107 53 s8 80 108 1,430 sT% 98 57 28
6 135 240 106 52 60 77 110 1,320 504 91 s6 27

7 136 204 105 50 61 75 115 1,230 revs a8 55 27
"8 137 178 105 50 61 72 145 1,130 389 86 ss 27
9 127 177 106 51 60 10 200 1,080 348 82 54 26
1q 125 178 103 52 6C 69 215 1,020 340 79 52 29
11 116 176 59 53 60 68 214 974 344 75 51 28
12 120 166 98 54 59 67 203 920 136 72 49 10
13 123 158 57 56 59 66 190 870 336 12 %8 31
14 119 150 94 58 58 66 183 816 325 72 46 31
15 113 182 92 €0 58 66 188 779 307 79 44 33
16 116 136 90 61 59 66 193 738 289 71 39 3s
17 108 132 88 62 61 66 201 659 268 67 35 34
18 105 130 86 62 63 70 204 661 245 73 32 33
19 107 128 84 61 63 82 208 618 226 ar 31 33
20 105 126 80 62 61 s5 209 589 216 78 29 31
21 108 126 77 63 63 116 235 599 208 76 28 33
22 106 127 12 63 &5 134 293 603 196 77 30 31
23 104 129 66 62 69 146 340 599 183 76 29 30
24 107 132 64 60 71 150 389 656 167 74 27 29
25 118 133 64 62 70 150 469 T43 154 70 27 29
26 134 134 65 63 70 147 537 784 149 6T 26 30
27 136 132 66 62 &9 140 718 800 145 63 25 30
28 141 127 68 63 69 132 887 774 140 59 2s 31
29 141 121 69 6l  mmemme 120 1,050 774 126 58 24 32
30 144 122 70 60  —mee—e 112 1,410 226 116 58 25 3s
31 162 ———em- 70 59  mmmmee 105  ——me-m 805 mem—e- ST 26 me———-
TOTAL 3,867 4,929 2,760 1,821 1,729 2,902 9,622 29,287 9,993 2,420 1,250 912
MEAN. 125 164 89.0 58,7 61.8 93.6 321 945 333 78.1 40.3 30.4
MAX 162 278 122 67 71 150 1,410 1,690 794 105 57 35
MIN 104 121 64 50 54 66 100 589 116 57 24 26
(£) +18.8 +25.9 +4.52 +2.94 +0.36 +0.41 +133 +20,9 +26.4 +0.80 +17.0 +0.43
MEAN # 144 190 93.5 61.6 61.4 94.0 454 966 359 77.3 57.3 30.0
CFSM # 0.46 0.61 0.30 0.20 0.20 0.30 1.46 3.10 1.15 0.25 0.18 0.10
IN. ¢ 0.53 0.68 0.35 0.23 0.20 0.35 1.62 3.57 1.28 0.29 0.21 0.1

CAL YR 1969 MEAN 301 MEAN # 319  MAX 2,140 MIN 64 CFSM # 1.02 IN. # 13.88
WTR YR 1970 MEAN 196 MEAN # 215  MAX 1,690 MIN 24 CFSM # 0.69 IN. # 9.36

# Change in contents in Partridge Reservoir and diversion to iron-ore processing plant, equivalent in cubic
feet per second; furnished by Erie Mining Co.
# Adjusted for change in contents and diversion.



28 STREAMS TRIBUTARY TO LAKE SUPERIOR
04018750 St. Louis River at Forbes, Minn.

LOCATION.--Lat 47°21'48*, long 92°35'56", in NE%SEY% sec.3, T.56 N., R.18 W., St. Louis County, on right bank at
downstream side of highway bridge, 0.5 mile downstream £rom Eveleth Taconite Company dam, 0.6 mile south of
Forbes, 1.8 miles upstream from Elbow Creek.

PERIOD OF RECORD.--August 1964 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,293.11 £t above mean sea level, datum of 1929. Prior to Oct.
28, 1964, nonrecording gage at same site and datum. i

AVERAGE DISCHARGE.--6 years, 565 cfs.

EXTREMES.--Current year: Maximum discharge, 2,970 cfs May 3 (gage height, 12.63 £t); minimum, 39 cfs Aug. 4, 5
{gage height, 5.42 ft).
Period of record: Maximum discharge, 5,180 cfs Apr. 18, 1969 (gage height, 15.77 £t); minimum, 24 cfs Nov.
26, 1966 (gage height, 5.23 £t).

REMARKS .--Records good except those for winter months, which are fair. There is some regulation at medium and
low flows and diversion for iron-ore processing at Eveleth Taconite Company dam 0.5 mile upstream. Diversion
began Dec. 5, 1965. Records of water temperatures and suspended sediment loads for the water year 1970 are
published in Part 2 of this report.

OISCHARGE» IN CUBIC FEET PER SECCND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY act NOV CEC JAN FEB MAR APR MAY JUN JUL AUE SEP
1 409 485 370 168 118 110 192 2,710 1,770 205 132 63

2 435 659 350 166 118 112 160 24850 1,620 263 126 71

3 427 645 335 160 115 17 190 24880 1,610 264 89 58

& 405 592 330 155 112 120 192 2,870 1,500 294 155 62

5 394 T89 325 150 105 120 210 2,870 14370 2082 43 69

6 391 787 320 142 102 125 220 24670 1+260 213 128 68

7 386 707 310 137 105 125 290 2,580 1,140 16l 123 66

8 375 651 305 133 112 122 450 2,300 876 222 128 67

9 364 599 300 130 110 122 7¢0 29240 938 231 112 67
10 264 573 295 120 i10 120 920 2,100 889 223 T4 68
11 335 555 290 50 108 120 950 1,920 959 215 82 68
12 353 535 290 115 108 117 960 19670 982 206 135 68
13 342 505 285 150 107 115 987 1,630 962 140 113 68
14 336 466 280 120 1¢5 112 988 14590 961 17 93 67
15 322 434 270 115 102 i10 568 1,520 974 209 S$3 70
16 310 400 260 112 10C 108 976 1,370 1,010 203 [ 1] 53
17 302 375 250 115 97 105 1,000 1,360 1,030 187 83 41
18 292 370 245 115 95 107 995 1,130 1,020 184 77 48
19 279 360 235 112 98 110 975 1,200 979 219 74 68
20 274 375 230 110 102 113 939 1,080 922 198 n 78
21 2m 410 220 1€7 1¢0 120 883 1.110 864 210 56 83
22 266 440 210 110 100 130 961 1,130 750 135 41 80
23 257 420 203 108 105 150 1,020 1,050 697 193 41 80
26 253 390 198 110 108 180 15190 1,100 685 193 44 76
25 263 370 192 112 112 210 1,500 1,210 616 187 54 i
26 298 365 187 112 115 235 1,690 1+370 564 164 64 ”
27 241 365 183 115 115 225 1,910 1920 519 175 64 20
28 294 415 178 115 110 215 29230 1,430 484 164 &4 80
29 402 435 178 118 e~e=—- 205 29370 1+470 444 135 63 81
30 265 400 172 120 ewe=-- 200 2,470 14660 240 138 63 81
31 360 e 170 120 ==me-- 185  emee—e- 19790 w==w=- 138 62 em=———-
TOTAL 109165 144892 74963 3,822 24984 44375 294516 55,780 28,635 62162 29641 2,085
MEAN 328 496 257 123 107 141 984 19799 955 199 8542 6945
MAX 435 789 370 168 118 2358 2,47C . 2,880 1,770 294 155 83

MIN. 241 360 170 50 95 105 190 1,050 240 135 41 41

CAL YR 1969 TOTAL 241,799 MEAN 662 MAX 5,170 MIN 93
WTR YR 1970 TOTAL 169,030 MEAN 463 MAX 2,880 MIN 41



STREAMS TRIBUTARY TO LAKE SUPERIOR 29
04018900 East Two River near Iron Junction, Minn.

LOCATION.--Lat 47°24'04", long 92°39'52", in NW4NW4% sec,29, T.57 N., R.18 W., St. Louis County, on right bank 30
ft downstream from bridge on State Highway 37 and 2.2 miles southwest of Iron Junction.

DRAINAGE AREA.--40.0 sq mi.

PERIOD OF RECORD.--June 1966 to current year., Occasional low-flow measurements, water years 1957-62.

GAGE.--Water-stage recorder. Altitude of gage is 1,335 ft (from topographic map) .

EXTREMES.--Current year: Maximum discharge, 297 cfs Apr. 28 (gage height, B,91 ft); minimum daily, 4.6 cfs Jan.
27-30; minimum gage height, 2.82 £t Aug. 7, 8.

Period of record: Maximum discharge, 395 cfs Aug. 25, 1968 (gage height, 9.43 ft); maximum gage height,

9.65 ft Apr. 10, 1969 (backwater from ice); minimum daily discharge, 4.6 cfs Jan. 27-30, 1970.

REMARKS.--Records good éxcept those for winter months, which are fair.

COOPERATION,.-~Records computed by U.S. Steel Corporation and reviewed by Geological Survey.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
OAY ocT NoV OEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 43 66 12 10 “a7 9.8 15 215 75 17 Sel 8.3
2 46 87 12 G.8 4o 7 10 15 169 68 16 .8 17
3 39 T8 2 9e6 w8 19 15 128 55 16 e,1 10
4 34 66 13 Q4 be 8 10 15 93 45 16 Te7 .4
5 31 54 13 9.2 4e € 10 16 ” 38 15 Te5 9.1
é 3¢ &7 12 9.0 540 10 20 64 32 14 Tel 8.8
7 28 39 12 8.8 Sel 10 45 49 27 14 645 8e5
8 25 34 12 8.4 52 11 90 45 23 14 6e5 8.3
¢ 25 30 12 8.2 Set 11 110 53 21 14 6e7 8.3
10 25 27 12 Ba0 Se.5 11 105 56 35 13 6e7 845
11 26 26 12 TeS 5.6 11 95 55 85 13 6.9 8«5
12 26 25 12 7.7 5.2 11 L] 54 135 12 7.3 8.5
13 27 23 12 Te5 640 11 5 49 135 12 6e7 8s5
14 26 20 12 Te 2 be2 11 68 40 103 12 €eS 8e 5
15 24 1¢ 12 Te9 6o b 11 64 40 74 14 T.3 9.4
16 23 14 12 608 6.6 11 69 43 58 14 Te3 13
17 23 12 12 6.6 6.8 12 T 46 46 13 Te3 19
19 22 11 12 et Tel 12 11 41 L2s 13 7.2 19
19 21 1c 12 He2 Tebs 12 65 36 43 17 Te3 10
27 20 10 12 5.9 Te6 13 57 31 40 17 7.9 19
21 2¢ 10 12 5.6 Te9 14 57 28 35 14 T.9 13
22 ar 10 12 5.5 8.2 15 60 3an 31 13 Be3 13
23 21 11 12 Se3 Beb 17 T4 29 2¢ 12 €.5 13
24 1% 11 11 5.1 S0 18 115 30 23 12 6.3 12
25 21 1% 11 4e8 %1 19 271 33 23 12 8e3 12
2¢ 26 11 11 be P %3 19 258 35 21 12 Bl 12
27 27 11 11 4eb6 9.4 18 275 32 20 11 8.1 11
2R 26 11 11 446 9.6 17 294 28 20 11 TS 11
29 2¢ 12 11 be & 16 278 23 19 11 g.1 10
30 26 12 19 beb 16 263 69 17 11 8.3 1)
3N 32 ————— 10 beT 15 ====-- T4 —————- 10 Bel  =mme--
TCTAL 826 801 368 213.8 186.° 401.8 3,041 1,803 14417 «15 23¢€.8 29%.6
MEAN 2646 2647 11.7 6090 6467 13.0 101 5842 47.2 13.4 Te €4 9.99
Max 44 87 13 10 S.€ 1@ 294 215 135 17 S.1 13
MIN 19 10 10 bob 4.7 9.8 15 238 17 10 6e5 8e3
CFSM 267 -67 «30 17 17 33 2.53 1.46 l1.18 34 e19 s25
IN. 77 14 >34 22 el? «37 2.83 1. 58 1.32 39 22 29
CAL YR 196¢ TOTAL 14,036,0 MEAN 38,5 MAX 360 MIN 10 CFS¥F .96 IN 13.06
WTR YR 1977 TOTAL 10,076.8 MEAN 27.4 MAX 294 MIN 4.6 CFSM .69 IN 9.31



30 STREAMS TRIBUTARY TO LAKE SUPERIOR
04019000 West Two River near Iron Junction, Minn.

LOCATION.--Lat 47°24'05", long 92°42'10", in SW4SWy sec.24, T.57 N., R.19 W., St. Louis County, on right bank 40
ft upstream from bridge on State Highway 37, 5 miles southwest of Iron Junction, and 9.2 miles upstream from
st. Louis River.

DRAINAGE AREA.--68.4 sq mi.

PERIOD OF RECORD.--October 1953 to September 1962, October 1965 to curreat year.

GAGE,.--Water-stage recorder. Datam of gage is 1,322.05 ft above mean sea level, datum of 1929 (Minnesota Highway
Department bench mark).

AVERAGE DISCHARGE.--14 years, 45.9 cfs (9.11 inches per year).

EXTREMES,--Current year: Maximum discharge, 568 cfs Apr. 28 (gage height, 8.29 £t); minimum, 7.5 cfs Aug. 26
(gage height, 2.58 ft).
Period of record: Maximum discharge, 916 cfs Apr. 17, 1954 (gage height, 9.85 ft); minimum daily, 3.0 cfs
Jan. 22 to Feb. 6, 1957; minimum gage height, 2.34 £t Aug. 15-17, 24-28, 1961. Oct. 31, Nov. 1, 1967.

REMARKS.--Records good except those for winter months, which are fair. Flow regulated at times by storage in
West Two Rivers Reservoir for taconite processing at U.S. Steel Mountain Iron Taconite Plant. The reservoir
impounds water from the upper 27.9 sq miles of the drainage area and has an available capacity of 8,500 acre-
ft between elevations 1370 (natural inlet) and 1395 ft (crest of spillway at outlet dam). Storage began July
28, 1966. sSome seepage losses from reservoir enter above station.

COOPERATION.-- Records for 1970 water year computed by U.S. Steel Corporation and reviewed by Geological Survey.

DISCHARGE, IN CUBIC FEET PER SECCND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ccry MOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 41 6C 29 19 14 15 19 420 95 24 13 2
2 4n 7e 29 19 14 15 19 329 89 22 11 11
3 EL:] g0 28 19 14 15 1¢ 260 78 21 11 9.2
4 37 s3 27 12 14 15 2C 211 66 22 10 9.6
B 24 87 27 18 14 15 22 178 56 19 9.2 8.8
& 33 79 26 18 14 15 35 144 48 19 Se2 9e 2
7 32 73 26 18 14 15 80 119 40 19 9.2 9e2
a 29 72 25 18 14 15 130 108 35 19 et 3.2
< 27 67 24 17 14 16 225 112 35 18 8.4 9.2
19 27 60 23 17 14 16 270 108 62 18 Te9 .2
11 2e 55 23 17 14 16 220 110 96 18 TeS 9.2
12 27 80 22 17 14 16 184 99 115 16 8.4 8.8
13 26 %6 22 17 14 16 15S 88 109 16 8.4 8.8
14 25 41 21 17 14 16 150 S1 90 15 79 8.9
15 25 36 21 1€ 14 17 150 a0 17 16 8e4 10
1€ 25 33 21 16 14 17 149 83 70 15 T8 11
17 26 3l 21 16 ls 17 146 79 64 17 7.9 11
18 24 29 21 16 14 17 136 73 59 17 Te9 11
18 23 28 21 15 14 18 124 67 54 22 8.4 1l
20 23 27 20 15 14 19 122 6} 49 20 1.9 11
21 24 27 20 15 14 19 113 64 44 19 7.5 18
22 23 27 20 15 14 20 110 62 43 18 8.8 13
23 22 27 29 15 14 21 127 57 38 16 8ot 19
24 21 28 29 15 14 22 7 163 58 35 15 Te9 18
25 23 28 20 15 le 22 244 60 33 17 7.9 13
26 29 28 20 15 14 22 336 60 33 18 Te9 17
27 28 29 20 14 ~14 21 472 57 30 17 1.9 17
22 27 2% 19 14 14 20 558 54 29 17 8e3 16
29 27 29 19 14 ~—am—— 20 5645 57 27 17 8.3 16
3n 28 29 19 14 —wcee- 19 505 83 26 15 8.8 12
21 35 om—m— 19 14 —————— 19 Itaint) 89 ——m——— 15 2.3 ——————
TOTAL 876 12417 691 503 392 546 54552 3,512 1,725 557 26847 36444
MEAN 28.3 47,2 22,3 1642 14,0 17.6 185 113 57.5 18.0 8467 12.1
MAX 41 93 28 19 14 22 558 420 115 24 13 19
MIA 21 27 19 14 14 15 1s 54 26 15 7.9 8.8
CFSM o4l .69 .33 24 «20 26 270 1465 .84 .26 <13 «18
IN, 48 £ 77 «38 .27 21 »30 3,02 1.91 «94 »30 15 »20
CAL YR 1969 TOTAL 21,613,0 VEAN 59,2 MAX 708 MIN 12 CFSM .87 IN 11.75

WTR YR 197C TOTAL 16,404,1 MEAN 44,5 MAX 558 MIN 7.9 CFSM .66 IN B.92



' STREAMS TRIBUTARY TO LAKE SUPERIOR 31
04019300 West Swan River near Silica, Minn,

LOCATION,--Lat 47°17'36", long 93°02°'30", in SWyNWy sec.32, T.56 N., R.21 W., St. Louis County, on right bank 10
ft upstream from pilings of dismantled bridge and railroad bed of Great Northern Railroad, 2 miles northwest
of Silica, 9 miles southwest of Hibbing and 20 miles upstream from confluence of East Swan and West Swan.

PERIOD OF RECORD.~-April 1963 to current year,

GAGE.~-~Water-stage recorder. Altitude of gage is 1,360 £t (from topographic map). Prior to Aug. 2, 1963, refer-
ence point at same site and datum. ,

AVERAGE DISCHARGE.~-7 years, 10.8 cfs.
EXTREMES,~-Current year: Maximum discharge, 314 cfs apr. 27 (gage height, 4.42 ft); no flow Aug. 18 to Sept. 30.
Period of record: Maximum discharge, 399 cfs Apr. 11, 1969 (gage height, 4.92 ft); maximum gage height,
5,17 £t Mar. 28, 1968 (backwater from ice); no flow Aug. 20 to Sept. 4, 1969, Aug. 18 to Sept. 30, 15970.

REMARKS.-~Records good except those for winter months, which are fair.

DISCHARGEs IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1v/u

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 2.0 3.3 *60 40 «30 «50 44 41 28 «30 «50
2 1.9 4,8 <60 «40 «30 «50 4,0 25 33 «20 «30
3 1.8 45 «60 o4&0 «30 60 3,8 19 19 «20 20
4 1.6 3.7 «50 «40 «2C «90 3.8 15 11 020 «20
5 1.5 3.2 «50 40 «20 «90 5.5 12 Te3 20 20
6 1.8 2.8 «40 e30 «2C « 80 8,2 10 446 20 «20
7 1.8 26 «50 «30 «2C «80 23 8e5 3.3 «50 «10
8 1.4 2.3 60 «30 .20 ° 70 85 Te8 207 le6 «10
S 1.2 2.2 «60 «30 «3C «70 142 9.0 1.7 1.4 10

10 le 4 2.1 «60 30 «30 60 %6 11 le7 «90 <10

11 1.3 2.0 «60 «30 o4l «60 64 11 5.9 «50 «20

12 1.3 1.9 «60 «30 o%0 60 48 96 11 «30 10

12 1.3 1.8 « 60 «30 © «5C L.0 38 8.0 be2 «20 10

14 1.3 1.5 «60 «2) «50 le7 32 6o & 41 «20 ol0

15 1.2 1.3 60 «20 «50 2.7 25 8e2 3,3 .60 010

16 le5 1.1 «50 20 « &0 3.5 24 13 3,2 «40 10

17 le5 1.0 «50 «20 °40 4,2 21 12 3,0 «30 10

18 le3 «90 «50 .20 «4C 4o 8 17 8e8 245 9 0

19 le2 «80 «5C «30 50 5.2 13 Tel 243 27 0

20 le2 «70 « 50 «30 «90 545 9.0 62 1.9 2.1 Q

21 1.2 «70 «50 «40 le2 Se8 11 9.6 1.4 leé 0

22 1.2 «70 « 40 40 1.1 6.0 10 9.0 le4 «90 o

23 1.1 « 70 40 «40 1.0 6o b 12 TS 1le3 Y -] 0

24 l.1 +70 «40 «50 «90 Te0 23 6. & 1.0 &0 4]

25 l.4 .70 +40 «50 70 840 92 Tel «80 040 [}

26 1.8 <890 <40 «50 «60 9.0 233 Te5 l.1 «30 0

27 1.9 « 80 e 40 50 50 10 280 646 1.1 «30 [}

28 1.8 «80 .40 40 «50 11 216 5.3 1.0 «30 [

25 1.7 <70 o &0 4} me—eme 8.0 11¢ 640 <70 1.0 ]

3 1.8 « 70 o 40 «30 m——emeeo 6e5 63 16 o 40 «90 [

31 2.2 Raattniad « 40 30 Entatatadd 5.0 ————— 16 —————— e 70 0 e
TOTAL 46, T 51.80 15.50 10,60 13.90 11950 1,716e7 345.6 16590 214 10 2.8C 2
MEAN 1.51 1,73 «50 o34 «5C 3,85 57,2 11,1 5453 .68 «090 b
MaX 2.2 4.8 «60 «50 le2 11 280 41 33 27 «50 0
MIN 1.1 « 70 e 4G «20 20 50 3.8 5.3 «40 .20 [4 o

CAL YR 1969 TOTAL 2,605.70 MEAN T,.14 Max 298 MIN O
WTR YR 197C TOTAL 2,510,190 MEAN 6,88 MAX 280 MIN O



32

mqm:on.--ut 47°16'55",

STREAMS TRIBUTARY TO LAKE SUPERIOR

04019500 East Swan River near Toivola, Minn.
long 92°50°'05"%,

in NEYNE% sec.2, T.55 N., R.20 W., St. Louis County, on left bank 350

downstream from bridge on St. Louis County Road 442, 4.8 miles upstream from confluence with West Swan
River. 8 miles northwest of Toivola, and 8.8 miles upstream from St. Louis River.

DRAINAGE AREA.--112 sq mi.

PERIOD OF RECORD.-~September 1953 to September 1962, October 1964 to current year.,
GAGE.~--Water-stage recorder. Datum of gage is 1,260.46 £t above mean sea level, datum of 1929,

AVERAGE DISCHARGE.~-15 years, 92.3 cfs (11.19 inches per year).

.~=Current year:

10, 11; minimum gage height, 3.01 £t Aug. 10.

Period of record:

Maximum discharge, 1,150 cfs Apr. 28 (gage height, 15.68 f£t); minimum, 11 cfs Aug. 3,
Maximum discharge, 1,950 cfs Apr. 12, 1969 (gage height, 19.27 £t); maximum gage height,

‘19.61 £t Apr. 11, 1969 (backwater from 1ce)1 minimum discharge, 11 cfs Aug. 3, 10, 11, 1970; minimum gage'

height, 3.01 £t Aug. 10, 1970.

Plood in May 1950 reached a stage of about 20.0 £t, from information by local residents.
REMARKS.--Records good except those for winter months, which are fair.

DISCHARGE, IN CUBIC FEET PER SECCND, WATER YEAR CCTOBER 1969 TO SEPTEMBER 1970

DAY oct NOV DEC JAN FEB
1 75 98 82 33 34

2 84 147 53 32 35

3 77 145 53 31 38
4 72 125 50 3Q &0
s 68 110 46 29 45
6 67 99 45 28 48
7 67 98 44 27 51

8 63 89 43 26 52
9 57 a1 43 26 52
10 54 76 42 2% 52
11 57 74 42 2s 52
12 60 72 42 24 50
13 61 62 4l 24 S(
14 63 53 40 23 48
15 63 62 40 23 47
16 60 62 40 23 47
17 52 60 39 23 47
i8 48 56 39 23 48
19 43 52 38 26 48
20 38 50 38 24 49
21 37 49 38 24 51
22 36 48 a7 25 52
23 30 47 37 25 53
24 33 47 37 25 54
25 36 47 36 26 54
26 45 47 35 26 52
27 52 48 35 27 52
28 48 48 35 28 52
29 o 49 34 29 —meem-
30 46 50 34 30 eeee--
31 56  wmeew- 33 32 —memee--
TOTAL 11692 24151 11261 820 12354
MEAN Sheb 71.7 40,7 2605 4804
MAX 84 147 53 33 56
NIN 30 47 33 23 34
CFsSM 49 .64 .36 .24 o2
IN. *56 o7l .42 .27 45
CAL YR ..69 TOTAL 38,640 MEAN 106 MAX 1,530
WTR YR 1970 TOTAL 33,586 MEAN 92,0 MAX 1,140

PEAXK DISCHARGE (BASE, 400 CFS)

DATE TIME G.HT.

4-9 2315 14.81 666

4-28

DISCHARGE DATE TIME  G.HT.

2145 15.68

MAR

064

MIN 21
MIN 12

DISCHARGE
1,150

APR

305
29¢C

280
282
261
231
178

184
202
226
343
601

863
1,060
12140
1,08C

834

124146
405
19140
T2
3,62
4403

CFSM .95
CFSM .62

MAY JUN
661 253
544 229
455 178
37 122
327 110
283 91
246 ”
229 68
237 62
252 71
242 105
226 115
206 87
181 71
186 67
224 70
207 T
174 64
147 56
120 51
147 “8
151 49
136 47
128 43
137 42
142 «7
133 %6
119 o4
124 42
245 41
258 —-———-
T9256 2,467
234 8202
661 253
119 41
2,09 «73
2041 082
IN 12,83
IN 11,16

JUL

'30



STREAMS TRIBUTARY TO LAKE SUPERIOR 33
04024000 St. Louis River at Scanlon, Minn.

LOCATION.-~Lat 46°42'12", long 92°25'07", in NW4 sec.30, T.49 N., R.16 W., St. Louis County, on right bank.25 f&
downstream from lower bridge on U.S. Highway 61 at Scanlon, 0.6 mile downstream from Minnesota Power & Light
Co. powerplant, 3 miles upstream from Thomson Reservoir, and 3.2 miles upstream from Midway River.. ’

DRAINAGE AREA.~-3,430 sq mi, approximately.

PERIOD OF RECORD.~~January 1908 to current year. Monthly discharge only for some periods published in WSP 1307.
Published as "near Thomson" 1908-50,

GAGE.--Water-stage recorder. Datum of gage is 1,101.23 ft above mean sea level, datum of 1929. Oct. 5, 1905,
to Sept. 5, 1914, nonrecording gage 3 miles downstream and 50 £t below powerplant at datum about 420 £t lower.
Sept. 6, 1914, to Aug. 4, 1953, powerplant record at Thomson hydroelectric plant.

AVERAGE DISCHARGE (UNADJUSTED) ,--62 years, 2,221 cfs (8.79 inches per year).

EXTREMES.--Current year: Maximum discharge, 15,500 cfs Apr. 30 (gage height, 9.12 ft); minimum, 502 cfs Sept.
28 (gage height, 2.52 ft).
Period of record: Maximum daily discharge, 37,900 cfs May 9, 1950; maximum gage height, 15.8 ft, May 9,
1950, from Minnesota Highway Department (discharge uncertain); minimum discharge, 80 cfs aAug. 29, 1963;
minimum daily, 109 cfs Feb. 7, 1924,

REMARKS.--Records good. Diurnal fluctuation caused by powerplant upstream. Flow regulated by Whiteface Reser-
voir and Boulder, Island, Rice and Fish Lakes (combined capacity, 332,160 acre-ft). Records of chemical
analyses for the water year 1970 are published in Part 2 of this report.

REVISIONS (WATER YBARS).~-WSP 1337: 1911-12.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocTY NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 1,580 1+780 14660 1,620 1,320 1,300 14510 14600 54400 1,140 1,010 869
2 14670 2,270 1,710 14600 1,250 1,270 14520 13,300 5,070 970 962 869
3 1,670 24610 11640 14570 1.330 1,330 14340 11,800 49620 885 945 (144
4 1,610 2,880 1520 1,530 14190 14360 14240 10,500 49180 1,020 9%S 911
5 1,560 24690 1,560 14470 1. 230 1,320 1,280 99390 3,610 1,010 894 869
6 14480 29440 1,600 14440 1,270 19340 1,310 8,380 34260 1,030 894 894
7 1,380 24560 1,610 1430 1, 350 1,450 1,520 79430 24680 1,100 861 928
8 1,330 29310 1,530 1,360 14350 14490 3,750 69920 24400 1.110 894 869
9 1,250 25170 1,870 1,420 1,280 1,520 69950 69490 2,090 1,040 894 885
10 1,200 14930 1,530 1,450 1,240 19460 7:530 69230 1,740 902 8sl 902
11 1,110 1,870 1,570 14470 14340 14480 72400 59930 1,590 86l 885 911
12 1,120 14700 1,560 1+3%0 1,310 1,520 69940 5+580 1,790 962 911 Nl
13 1,100 1,620 14690 14460 1,270 19540 64640 59040 1,990 970 945 877
4 10270 1,580 1,680 1,360 1y 240 19540 64570 49660 1,960 997 911 902
15 1,380 14290 14630 1,400 1,200 1,590 64580 44470 1,960 962 962 894
16 1,290 1,190 1+610 1,310 1,250 1,620 65050 44330 1,850 979 970 970
17 1,300 1 4440 1,680 14400 1,300 1,690 5,890 49290 1,880 928 928 %5
18 1,390 1,610 1,710 1,380 1,280 14650 54470 4,010 1,850 997 919 arT
19 1,380 1,240 1,730 1+350 1,300 1,640 5,050 3,630 1,760 1,290 928 861
20 1,280 1,310 1,650 1,240 14340 1,640 44810 34430 1,570 14300 953 869
21 1,300 1,510 1,700 1,200 1+300 19540 49330 3,710 1,550 1,270 861 837
22 1+2B0 1,340 15600 1,280 1,270 14460 4,310 3,770 1,400 1,050 894 861
23 1,260 1,57 1,640 1,210 1,300 14470 4¢760 3,760 1320 902 869 813
24 1,210 1,690 14620 14320 1,340 1s610 69260 3,540 1,170 95 869 768
25 1,240 1,590 1+630 14370 1,330 14650 11,500 3,650 945 919 877 8AS
26 1,300 1,680 14550 1,310 1,350 19730 144700 3,730 1,150 936 885 837
27 1,380 1,540 14650 1,280 14340 1,760 14,700 3,770 1,130 962 877 821
28 1,440 1,570 1,640 14380 1,330 1,770 15,100 3,710 1,150 1,020 869 753
29 14450 14650 1,640 14290 —=meee 1,760 15,200 3,610 1,280 988 861 845
30 1,390 1,570 1,610 14400 ~=mce- 1,690 15,300 4,280 1,130 979 845 738
31 14590  =ccew- 1,580 14360 ~ov—e= 1,710 ~==w—e 59450 —eme—- 1,110 869 - wewmws-
TOTAL 42,190 54,400 50,300 43,040 36,240 47,900 195,510 183,390 65+465 31,534 28,048 26,008
MEAN 1,361 1,813 1,623 1,388 1,294 14545 64517 5:916 2,182 1,017 905 867
MAX 1+6T0 2,880 1,730 1,620 1+390 1,770 15,300 144600 59400 1,300 1,010 970
MIN 1,100 1,190 1,520 1,200 1,190 1,270 1+240 3,430 945 861 845 738
(#) +156 +134 -892 -921 777 -935 +1,622 +1,712 +289 -638 -693 -490
MEAN # 1,517 1,947 731 467 517 06}3 85133 7éﬁgg 264;; 03;? 02;2 37;
. . .2 0.14 0.15 . . . . . . .
%E?H ; g.g% g.gg 8.2% .1 0.16 0.21 2.65 2,56 0.80 0.13 0.07 8.}2
CAL YR 1969  MAX 28,100 MIN 923 MEAN 2,942 MEAN # 2,909 CFSM # 0.86 IN. ¢ 11.51
WTR YR 1970 MAX 16,300 MIN 738  MEAN 2,203 MEAN # 2,083 CFSM # 0.60 IN. # 8.16

f Change in contents, equivalent in cubic feet per second, in Whiteface Reservoir and 8oulder, Island, Rice
and Fish Lakes; records furnished by Minnesota Power and Light Co.
# Adjusted for change in contents,
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05030000 Otter Tail River near Detroit Lakes, Minn.

LOCATION.--Lat 46°50'12", long 95°41'57", in NE%SWY% sec.23, T.139 N., R.40 W., Becker County, on right bank.:
10 £t upstream from highvay bridge, 5 miles downstream from Height of Land Lake, and 7.5 miles east of city
of Detroit Lakes.

B i
DRAINAGE AREA,~-270 sq mi.
PERICD OF RECORD.--March 1937 to current year. , et

GAGE.--Water-stage recorder and concrete control. Datum of gage is 1,409.49 ft above mean sea level, datum™: -+
of 1929, R

AVERAGE DISCHARGE.~~33 years, 54.4 cfs (39,410 acre-ft per year).
EXTREMES . ~~Current year: Maximum discharge, 182 cfs June 16 (gage height, 4.21 £t); maximum gage height 5.07 ft i
about Jan. 20 (backwater from ice): minimum discharge, 0.35 cfs Sept. 5, 6 (gage height, 2.59 ft).
Period of record: Maximum discharge, 371 cfs June 26, 1943 (gage height, 4.78 ft, from graph basod on
partial record); maximum gage height, 6.96 £t Jan. 27, 1950 (backwater from ice): minimum daily- discharge,
0.1 cfs Mar. 23, 1940.

REMARKS . --Records good except those for winter periods, which are fair. Flow partly regulated by dams of Minne-
sota Department of Conservation on several lakes above station. .

REVISIONS (WATER YEAR).--WSP 1308: 1944(M).

DISCHARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL - AUG SEP
1 6.8 5.3 16 23 33 35 34 115 129 141 30 .98
2 6.5 12 15 24 33 35 34 117 129 139 28 .98
3 6.2 35 14 24 33 38 34 123 129 135 25 «82
4 7.2 42 14 25 33 36 36 127 129 135 23 .82
5 14 31 15 25 33 36 38 131 129 131 21 +56
6 12 18 15 25 33 36 38 131 127 129 16 .50
7 11 19 16 26 33 36 46 135 127 119 12 «50
.8 9.7 20 18 27 33 36 47 139 123 115 13’ +50
9 9.7 20 18 27 33 35 44 141 137 115 12 <50
10 8.9 19 18 27 33 35 40 145 139 115 12 «50
11 9.3 19 18 27 33 35 39 147 135 113 11 +50
12 8.6 18 18 27 33 34 39 147 137 113 9.3 <50
13 7.8 18 |18 27 33 34 40 145 137 113 9.0 +50
14 7.5 18 17 27 33 34 43 147 129 109 9.3 <50
15 1 18 18 28 33 34 49 149 151 109 8.6 +82
16 20 18 18 29 33 34 53 149 166 105 6.8 86
17 30 18 18 30 34 34 60 147 154 91 5.4 66
18 29 18 19 30 34 34 62 147 147 89 4.0 .66
19 28 18 19 31 34 34 76 147 151 91 3.8 .50
20 46 18 19 31 34 34 82 145 159 89 3.3 3.5
21 52 18 19 32 34 34 89 139 154 82 3.0 5.6
22 78 18 19 32 35 34 89 135 151 76 2.8 2.1
23 63 18 19 32 35 34 91 129 147 71 246 2.7
26 18 17 20 32 35 34 95 125 145 65 2.1 &7
25 2.6 17 20 32 35 3 98 119 147 60 1.9 2.7
26 1.8 16 20 32 35 34 98 115 151 s6 1.8 2.5
27 1.5 16 20 32 35 3% 107 113 149 48 1.6 2.2
28 1.1 16 21 32 35 34 111 113 147 43 1.5 2.0
29 1.1 15 21 32  e————- 34 111 113 145 42 1.9 2.0
30 1.1 16 21 32 - 34 109 115 143 42 1.3 1.9°
31 1.5 22 32 - 34 - 117 - 37 1.1 e
TOTAL $20.9 569.3 563 892 943 1,073 1,932 44107 49243 2,918 284.1 41.86
NEAN 16.8 19.0 18.2 28.8 33.7 34.6 4.4 132 141 94.1 9.16 1.40
NAX 78 42 22 32 35 38 111 149 166 141 30 5.6
MIN 1.1 5.3 14 23 33 34 34 113 123 37 1.1 «50
AC-FT 1,030 14130 1,120 12770 1,870 2,130 3,830 8,150 84420 $4790 S64 83

CAL YR 1969 TOTAL 184516.70 MEAN S50.7 MAX 204 MIN 1.1 ACFT 36,730
WAT YR 1970 TOTAL 18,087.16  NEAN 49.6 MAX 166 MIN .50 ACFT 35,880



RED RIVER OF THE NORTH BASIN 35
05033900 Pelican River at Detroit Lakes, Minn.

LOCATION, ~-Lat 46°48'37“ long 95°49'42" in swy sec.35, T.139 N., R.41 W., Becker County, on left bank 60 tﬁ
upstrean from culvcrt, 0.5 mile upstream from Detroit Lake, at Detroit Lakes. o

PERIOD OF RECORD.-~July 1968 to current year.

GAGE. --Nonrecording gage read once daily. Datum of gage is 1334.73 ft above mean sea level, datum of 1929
(levels by Winston Larson, Detroit Lakes city engineer).

EXTREMES . ~~Current year: Maximum discharge, 55 cfs Apr. 29 (gage height, 3.16 ft: minimum daily, 0.4 cfs -
oct. 2, 3.
Pcriod of record: Maximum discharge, 167 cfs Apr. 10, 1969 (gage height, 5.31 ft, from floodmark):

winimum daily, 0.3 cfs sept. 28-30, 1969.

REMARKS . --Records fair. Records of chemical analyses for the current year are published in Part 2 of this
report.

COOPERATION . --Gage-height record furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR DCTOBER 1969 YD SEPTEMBFR 1970

DAY ocr NOV DEC JAN FEB MAR APR MAY JUN JUut AUG SEP
1 «50 2.6 1.8 1.0 15 le6 2.9 49 36 17 3.0 1.2
2 «40 2.7 1.8 1.0 1.5 le6 3,0 45 34 16 2.7 1.2
3 40 2.6 1.7 1.0 1.5 2.0 3.3 &2 32 15 2.4 l.4
[ 4 «60 2.6 1.6 1.0 1.5 1.6 3.6 38 28 14 2.1 1.2
L] 1.9 343 1.5 1.0 1.5 1.6 4,0 35 25 13 2.1 1.0
6 t.9 3.0 1.4 1.1 1.5 1.6 4.6 33 23 12 2.1 1.0
7 1.0 3,0 1.3 led 1.5 1.6 7.8 30 2t 12 1.8 1.0
[} 1.0 ¢ 29 .2 1.1 1.5 1e6 34 30 21 11 1.8 1.0
9 Te1 2.9 1.1 1.1 1«5 1.6 25 29 22 10 1.8 1,0
10 1o 2.9 1.0 1.1 1.5 1.6 46 29 22 9.0 2.1 «80
11 1.3 2.9 +«90 1.2 1.5 1.6 &4 29 25 T.7 2.1 30
12 1.2 2.8 +80 1.2 1.5 1.6 41 28 24 12 2.1 +60
13 1.2 2.7 .80 1.2 1.5 1.6 36 28 22 Te7 2.1 «50
14 1.2 2.7 -70 1e2 1.5 le 6 30 27 23 Te2 2.1 60
15 1e2 2.6 + 70 1.2 1.5 1.7 26 26 43 7.2 1.8 3.0
16 1.1 206 «T70 1.3 1.5 1.7 27 25 46 Te 2 1.8 l.4
17 1e1 2.5 70 1.3 1.5 l.8 25 26 42 6.8 1.6 2.1
18 1.3 2.5 70 1e3 1.5 1.8 23 26 37 5.9 1.8 1.6
19 1.2 2.4 +T0 leé 1.6 1.9 23 26 33 5.5 2.1 1.2
20 1e2 2.4 « 80 leé 1e6 1.9 26 25 30 5.5 1.8 1.2
21 1.3 243 «80 144 1e6 2.0 25 23 26 Sel 1.8 12
22 1.3 2.3 +80 leé 1.6 2.0 28 23 24 4e3 1.6 400
23 1.2 242 «80 e 1.6 2.1 30 23 23 440 1.6 3.0
24 1.3 2.2 +80 let 1.6 2.1 40 23 22 3.6 1.6 2e4
25 1e& 2.1 +80 1.4 1.6 2.2 50 25 21 3.; 1.6 2.1
26 1e6 2.1 «90 1.5 1le6 2.3 48 25 20 3.0 1.4 1.8
27 1.8 2.0 »90 1.5 1.6 204 51 24 19 2.7 1l 1.8
28 1,7 2.0 «90 1e5 1.6 2.5 1] 24 19 2. 4 1.4 1.6
29 1.6 1.9 +90 1.5 —————— 246 55 25 18 4e3 le& 1.6
30 2.0 1.9 +90 1.5 ———eee 2.7 52 25 18 3.3 1.4 2.1
31 2.3 e +90 1.5 —————— 2.8 -~——=- 28  emmee- 3.3 1.2 —————-
TOTAL 39.50 756 31.30 39.2 43.0 5943 867.2 891 799 261.0 5746 564,30
MEAN 1.27 2.%2 1.01 1.26 1.54 1.91 28.9 28.7 2646 T 77 1.86 1.88
MAX 2,3 3.3 1.8 1.5 1.6 2.8 55 49 46 17 3.0 12
nEN »40 1,9 70 1.0 1.5 l.6 2.9 23 18 244 le2 «60
AC-FTY 78 150 62 78 85 118 1,720 1,770 1580 478 114 112

CAL YR 1969 TOTAL 3,778,50 MEAN 10.4 MAX 158 MIN .30 ACFT 7,490
VAT YR 1970 TOTAL 3,200.00 MFAN 8,77 WMAX S5 MIN .40 ACFY 6,350
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05034100 Pelican River at Detroit Lake Outlet near Detroit Lakes, Minn.
LOCATION.--Lat 46°47'22", long 95°52'00", on line between secs. 4 and 9, T.138 N., R.4l W., Becker County,~on

left wingwall of remains of old dam at outlet of Detroit Lake, 60 ft upstream from bridge. on County Highway
22 and 2.5 miles southwest of Detroit Lakes.

PERIOD OF RECORD.--July 1968 to current year. ’
GAGE.--Nonrecording gage read once daily. Datum of gage is 1,330.01 ft above mean sea level, datum of 192,§.M
EXTREMES . ~--Current year: Maximum daily discharge, 73 cfs May 3-5: maximum gage height, 4.59 ft Apr. 29: minimum
discharge, -4.6 cfs Oct. 9.
Period of record: Maximum discharge, 111 cfs Apr. 17, 1969 (gage height, 4,55 £t): minimum discharge -4.5
cfs Oct. 9, 1969, i
REMARKS . --Records fair.

COOPERATION. --Gage readings furnished by Pelican River Watershed District.

DISCHARGE. IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 (] 0 8.2 8.7 8.2 3,8 9.5 72 48 33 40
2 [ 0 842 8.8 8.1 3.8 8.5 T2 49 29 +30
3 V] +50 9.2 8.8 R.0 4,0 6e5 13 49 23 0
4 0 1.0 Be2 8.9 7.8 4,2 402 73 46 22 (1]
5 -e60 1.5 8.1 8.9 7.6 4o 2.9 73 42 21 [
6 -142 2.0 8.1 9.0 7.5 4,6 2.0 72 40 20 0
7 -2.4 2.5 8.2 %1 Tt 4,8 1.6 70 38 18 0
8 -4.5 3,0 Re2 9.2 7.0 5.0 1.0 68 35 17 ]
9 %o 3,5 8.2 9.2 6.5 Sel .10 66 37 16 4 -.10
10 -4,0 4,0 8.1 9.2 643 Se2 (] 64 36 15 - 50
11 ~3,8 4.5 8.1 9.3 6.2 5,3 [ 62 36 15 ~+60
12 =3.5 Set 8.1 9,3 6,1 S.4 0 61 35 16 .60
13 ~3.% Set 8,1 9.4 6,0 5.4 [ 56 35 16 =60
16 -3.4 5.5 9.1 9.5 5.9 5.5 0 55 34 14 -o60
15 -3,.1 Seke 8.1 $e5 5.8 56 [+] 53 34 14 .70
16 2.5 5.6 842 96 5.7 5e6 0 53 464 12 -+ 80
17 =245 6.0 Be2 9.7 Se.7 5.7 0 52 [ 11 - 90 .
18 -2.5 6.4 8,2 9,7 Se6 5.8 (] 50 42 10 =1.0
19 -2.5% 6e8 8e2 9.8 5.3 5.9 [ 50 42 9.8 ~1.0
20 ~2.5 7ol 8.2 9.8 4.9 6.0 [ 48 44 845 -1.0
21 -2.5 7e3 842 9.8 4,8 6.0 2.0 47 42 5.9 -1.0
22 ~243 7.6 8.2 Q.8 4o 6.0 542 46 44 4.8 -1.0
23 ~2,0 1.7 8,1 9.8 Gots 6ol 17 45 42 3.0 ~1.0
24 -2.0 7.9 8,2 9,7 4.0 6,2 30 45 43 +90 -1.0
25 ~2.0 8,0 8.3 9.1 3,8 603 54 44 42 «60 -1.0
wd
26 -2.,0 8.0 B.4 8.8 3.8 6.6 60 43 43 .60 -1,0
27 -2.0 8.1 8.4 8.5 3,8 7.2 64 42 43 °40 ~1.0
28 -240 8.2 8.5 8.3 3.8 7.9 66 41 40 ‘040 =90
20 ~2,0 8.2 Beb 8e2 —mmm- - 846 67 41 37 .70 0
30 0 8.2 8.6 8,2 —wmmee 9.1 70 42 - 33 40 ]
31 ) ———— 8,7 842 ~--m—- 905 mmm—e=— 42 m—meee *50 o ————
TOTAL  =65.,90 155.30 255.4 283,8 164,6 180.6 471.50 15721 14219 358.50 -15.60 o
MEAN ~2,13 5.18 8424 915 5.88 5,83 15.7 55.5 40,6 11.6 =50 [}
MAX 0 8.2 8.7 9.8 8.2 9.5 70 73 49 33 YY) .20
MIN ~4eb 0 841 8.2 3.8 3.8 0 41 33 40 =~1.0 :e
AC=FT ~-131 308 507 563 326 358 935 34410 24420 711 -31 0

CAL YR 1969 TOTAL 5,473.00 MEAN 15,0 MAX 110 MIN -4,6 ACFT 10,860
WAT YR 1970 TOTAL 4,728.20 MEAN 13,0 MAX 73 MIN -4.6 ACFT 9,380 - T
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05035100 Long Lake Outlet near Detroit Lakes, Minn.

LOCATION.--Lat 46°48°'33", long 95°53°'26", in SE% sec.32, T.139 N., R.41 W., Becker County, on right downstream
wingwall of abandoned Minnesota Conservation Department dam, 200 ft downstream from Long Lake, 2,500 ft up-
stream from St. Clair Lake and 2.2 miles west of Detroit Lakes.

PERIOD OF RECORD.-~July 1968 to current year.

GAGE.~-Nonrecording gage read once daily. Altitude of gage is 1,350 ft (from topographic map).

EXTREMES . --Current year: Maximum discharge, 6.0 cfs June 16 (gage height, 3.92 ft):; maximum gage height, 4.81
ft Jan. 6 (backwater from ice): no flow for many days.

Period of record: Maximum discharge, 6.9 cfs Apr. 13, 1969 (gage height, 3.97 ft):; maximum gage height,
4.81 ft Jan. 6, 1970 (backwater from ice): no flow for several days in most years.
REMARKS . --Records good. Flow affected by natural storage in Long Lake.

COOPERATION.--Gage~height record furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTORER 1969 TO SEPTEMBER 197C

DAY ocY NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 0 «2G 21 1.5 2.0 3.9 4ol 4.1 + 80 [}
2 c «2C 2.1 1.5 2.0 3.7 3.8 4.1 «80 [
3 10 «2C 2.0 1.5 2.1 3.7 3.7 3.7 « 72 c
4 20 #30 20 1.5 2.1 3.5 3.7 3.5 « 76 0
b ‘ #30 60 2.0 1.5 2.1 3.3 3.5 3.5 «50 c
6 30 80 1.9 1.5 2.2 3.1 3.3 343 «5C o]
7 «30 1.2 1.9 1.5 242 3.1 3.3 2.9 50 c
8 «30 1.5 1.8 1.5 2.2 3.1 3.3 2.9 49 [+
9 L] «30 1.8 1.8 1.5 2.4 3.1 3.1 2.7 ol o}
10 «20 2.0 1.8 1.5 2.4 3.3 3.1 2.5 o40 Le]
11 «20 2.2 1.7 1.5 2.4 3.9 3.1 2.5 243 0
12 10 2.2 1.7 le5 2.5 3.7 3.3 2.9 40 0
13 «10 2.4 1.7 1e5 2.5 3.9 3.5 2.5 «30 ¢
14 .10 2.4 1.6 1.5 2.5 3.9 3.8 2.5 20 Y
15 ¢ 2.4 1.6 1.6 2.5 3.7 5.2 2.5 «2C [
16 c 2.4 1.6 l.6 2.9 3.7 6.0 204 « 26 0
17 o] 2.5 1.6 1.6 3.1 3.7 5.8 2.4 «20 ¢
18 0 2.5 1.5 1.6 3.3 3.7 5.C 2.2 +10 [+]
19 c 2.5 1.5 1.6 3.7 3.5 4.6 2,0 [ 0
20 [s] 2.5 1.5 1.7 4.2 3.5 4.2 2.0 [ c
21 o] 2.5 1.5 1.7 4.1 3.5 4ol 1.6 [ 10
22 0 2.5 1.5 1.7 4.1 3.5 4.1 l.4 [+] e
23 0 2.4 1.5 le7 4.l 3.5 4,1 1.2 [¢] [4]
24 0 24 1.5 1.7 442 3.7 4e2 1.0 ¥ o
25 ¢ 2.4 1.5 1.8 4e2 3.7 3.9 +80 0 o
26 C 2.3 1.5 1.8 442 3.5 4.1 70 0 0
27 o 2.3 1.5 1.8 46 3.3 402 «70 0 0
28 «10 2.3 1.5 1.8 50 3.3 4ol «70 0 0
29 .10 242 ————— 1.9 5.0 3.3 4.2 1.0 ] 4
30 12 242 m————— 1.9 4o 3.5 4ol + 80 (s} o
3 —————— e1lC 2.1 m———— 1.9 ———m—— 4l —————— 1.0 0 ———
TOTAL c c 2.90 58450 674 50,4 9542 1599 12C. 5 68.00 7.70 +10
MEAN 0 o «0%4 1.89 1.69 1.63 3.17 3,55 4.02 2.19 «25 003
MAX 0 ¢ «30 2.5 2.1 1.9 5.C 4.1 6.0 4ol <82 «10
MIN 0 [y 0 #20 1.5 1.5 2.0 3.1 3.1 - 70 [ 0
AC-FT Y] 0 5.8 116 94 100 189 218 239 135 15 Y

CAL YR 1969 TOTAL 566,30 MEAN 1.55 MAX 6.9 MIN O ACFT 1,120
WAT YR 1970 TOTAL 562.60 MEAN 1.54 MAX 6.0 MIN O ACFT 1,110
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05035200 West Branch County Ditch No. 14 near Detroit Lakes, Minn.

LOCATION.~-Lat 46°48‘48", long 95052‘20", in Nw% sec.33, T.139 N., R.41 W., Becker County, 1,700 ft upstream
from East Branch County Ditch No. 14, 1,900 ft upstream from St. Clair Lake and 1.5 miles west of Detroit
Lakes. .

PERIOD OF RECORD.--July 1968 to current year.

GAGE.~--Nonrecording gage read once-daily.

EXTREMES . --Current year: Maximum discharge, 5.0 cfs Apr. 12 (gage height, 3.80 ft, backwatei from ice):; maximum
gage height, 4.62 ft Apr. 7 (backwater from ice); no flow for many days.

Period of record: Maximum discharge, 16 cfs Apr. 10, 1969 (gage height, 5.45 ft, backwater from ice);s
maximum gage height, 5.61 ft Apr. 9, 1969 (backwater from ice); no flow for several days during most years.

REMARKS , --Records poor.

COOPERATION.--Gage-height record furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTCBER 1962 TQ SEPTEMBER 1970

DAY ocrT NOV DEC JAN FEB MAR aAPR May JUN JuL AUG sEp
1 «40 .30 .10 o .30 2.8 2.6 .80 o1 0
2 .50 .30 .10 0 .30 2.6 2.3 .60 o19 c
3 .30 +30 .10 0 40 2.6 2.0 «50 0 0
4 .30 .30 .10 2 50 2.2 1.7 50 0 .10
5 .80 .30 .19 c .70 1.9 1.6 .40 c 10
6 50 .30 .10 0 1.9 1.7 1.5 . 0 .10
1 oSC .20 .10 0 1.5 1.5 1.4 o 0 .10
8 .59 .20 .10 ‘0 2.2 1.2 1.5 .40 0 .10
9 ) .26 .10 0 3.0 1.2 1.6 .40 0 .10
10 .50 .20 .10 o 4.0 1.2 1.8 .30 0 .10
1n- .50 .20 .10 0 4.5 1.2 1.7 .30 o .10
12 .50 .20 10 ) 5.0 1.2 1.7 040 0 o1
13 50 .20 .10 o 3.5 1.1 2.0 .30 ¢ .10
14 .77 .20 .10 0 1.9 1.2 3,0 +30 o .10
15 .7¢ .20 .10 a 1.7 1.3 4o 0 .5C 0 10
16 .20 .20 .10 0 1.7 lo4 4.8 «40 ¢ 10
17 .29 .20 .10 o 1.4 1.2 3.8 .40 e .10
18 .20 .20 .10 0 1.2 1.1 3.1 .30 0 10
19 .20 .20 .10 0 1.3 1.0 2.4 .30 o 10
20 .20 20 o1n e 90 1.0 2.2 .20 0 .10
21 .20 .20 .10 ¢ 1.0 i90 2,2 .20 0 1.2
22 .20 .20 .1 .10 1.4 <90 2.1 .20 0 50
23 .20 .29 19 .10 1.6 S0 1.5 .20 ¢ «50
26 .10 .20 0 .10 2.7 1.0 1.3 .10 o 40
25 .10 .20 0 .10 3.2 1.0 1.0 010 0o .40
26 .10 .20 0 .10 2.8 1.C 1.1 .10 0 «40
21 .10 .20 0 .10 3.2 R 1.3 .10 ° .20
28 .10 .20 0 .10 3.4 1.0 1.3 .10 0 «30
29 10 .10 o ———— .20 3.3 1.1 1.1 .10 ) 03¢
30 .20 .10 0 ——— .20 3.0 1.2 1.0 .10 0 .20
31 020 mmm—ee 0 ——— Y. R 2.6  emeem- .10 o ————
TOTAL 10,20 6040 2430 0 0 1,30 62.60  43.20 60.6 9450 .20 6.20
MEAN .33 .21 074 o 0 +042 2.09 1.39 2.02 .31 006 o21
“AX «B8C .30 10 9 ¢ .20 5.0 2.8 4.8 .80 o1€ 1.2
MIN .10 .10 0 0 o 0 .30 .90 1.0 .10 0 0
AC-FT 20 13 4.6 0 o 2.6 124 86 120 19 o 12
CAL YR 1969 TOTAL 191.60 MEAN .52 MAX 14 MIN O  ACFT 389

WAT YR 1970 TOTAL 202.50 MEAN .55 MAX 5.0 MIN O ACFT 402



RED RIVER OF THE NORTH BASIN 39
05035300 East Branch County Ditch No. 14 near Detroit Lakes, Minn.

LOCATION.~-Lat 46°48'35", long 95°52‘23", in SWx sec.33, T.139 N. R.41 W., Becker County, on left bank near
downstream end of culvert on U. S. Highway 59, approximately 1,000 ft upstream from St. Clair Lake, and 1.5
miles west of city of Detroit Lakes.

PERIOD RECORD.=--July 1968 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,333.96 ft above mean sea level, datum of 1929.

EXTREMES .--Current year: Maximum discharge, 6.9 cfs Apr. 8 (gage height, 2.53 ft): maximum gage height, 2.69 ft
Oct. 1; minimum daily discharge, 0.31 cfs Aug. 7.

Period of record: Maximum discharge, 6.9 cfs Apr. 8, 1970 (gage height, 2.53 ft); maximum gage height,
2,90 £t July 20, 1968; no flow Aug. 21, 1969.

REMARKS . -~Records poor.

OISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1973
DAY ocT NCV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 1.8 .81 .72 56 .54 .62 1.3 3.2 2.3 2.4 1.0 43
2 2.8 T4 .72 56 «54 .70 1.5 2.8 2.0 244 «89 .48
3 3.0 .70 .72 *56 *55 .70 1.7 2.4 2.0 2.3 .76 %9
4 2.6 67 .72 26 .55 .70 2.1 2.0 1.9 2,3 o 72 «51
5 2.2 .68 .72 +56 .56 .70 3.2 1.7 1.8 2.3 +68 54
6 2.3 .71 .73 .55 «56 .70 3.6 1.7 1.7 2.4 64 oS5
7 2.3 .73 .75 .55 57 .1 4.8 1.7 1.6 2.4 62 54
e 2.9 <74 .77 «54 .57 .71 5.8 1.7 1.5 2.3 .61 .35
a 3.6 .15 .78 .54 «58 .71 Sel 1.7 le6 2.4 57 ..6
10 3.6 .74 .78 .54 Y] .71 5.0 1.8 1.6 2.4 52 . 54
11 3.1 .73 .84 .53 .59 .71 4.9 1.8 1.8 2.4 52 .63
12 2.8 .72 o177 .53 .59 .71 4.8 l.8 1.6 2.6 49 68
13 2.7 .70 .76 =53 «59 .71 4.6 1.7 1.6 2.7 45 69
14 2.6 .68 .77 .53 +60 .7 4.4 1.7 1.6 2.8 42 17
15 2.4 69 .75 .52 « 60 . Tl 4.6 1.9 2.4 3.1 <40 ~93
16 2.3 .69 .73 .52 .61 .72 4.6 1.8 2.5 2.9 «36 «90
17 2.2 .71 .70 .52 .6l .73 4,3 1.8 2.3 2.7 «31 «99
18 2.1 .70 69 .52 .62 T4 4.1 1.7 2.2 2.5 «35 .99
19 2.0 .70 .67 .51 .62 <76 4¢3 1.6 2.0 2.3 .34 1.1
20 1.9 .70 .66 .51 .63 .78 4e3 1.6 2.2 2.1 .34 le4
21 1.8 <70 .65 .51 .63 .79 4.5 1.6 2.1 2.0 .35 3.5
22 1.7 .71 «64 .Sl .64 .80 4.5 1.6 2.0 1.9 +36 2.5
23 l.6 .69 .63 o5l .65 .81 4,8 1.6 2.0 1.7 o34 1.°
24 1.5 70 62 .St b6 .82 5.0 1.6 1.8 1.6 .33 1ot
25 1.4 . T2 .61 .52 .66 .83 4.9 1.7 1.9 1.5 40 1.t
26 1.7 .71 .61 +52 67 .86 4,6 1.6 245 1.3 .38 1.5
27 1.4 .72 .60 .52 .67 .87 4.7 1.5 2.5 1.2 .38 1.6
Zc 1.2 72 «59 52 .68 .88 5¢0 1.5 2.5 1.2 .38 1.3
29 1.1 .72 «58 B B .91 4¢3 1.8 2.4 1.2 40 1e3
30 .97 .72 57 53  —em——e .93 3.8 1.6 2.5 1.1 42 1.3
31 e68  —m—mem 57 B e 1.1 —————— 2.6  ~emme- 1.1 237 eeee—-
TOTAL 66425 21440 21.42 16,45 16,92 23.91 125.1 5646 60.4 65.5 15.10 32.32
SEAN ?2.16 .71 .69 .53 .60 .77 4.17 1.83 2.01 2.11 49 1,08
vax 3.5 .81 .86 .56 .68 1.1 5.8 3.2 2,5 3.1 1.0 3.5
“ly <68 «67 57 «51 .54 «69 1,3 1.5 1.5 1.1 31 43
AC-FT 131 42 42 33 34 47 248 112 120 130 30 64
CAL Y2 1969 TOTAL 339.73 MEAY 1,07 MAX 4.2 MIN O AC-FT 773
4TR YR 1970 TOTAL 521.37 MrAN lo43 MAX 5.8 MIN .31 AC-FT 1,030



40 RED RIVER OF THE NORTH BASIN
05035400 st. Clair Lake near Detroit Lakes, Minn.

LOCATION,--Lat 46°47'52", long 95°52'49", in NE% sec.5, T.138 N., R.41 W., Becker County, at south end of lake,.
2,000 ft south at St. Clair Lake outlet and 2.2 miles southwest of Detroit Lakes.

PERIOD OF RECORD.--July 1968 to current year.

GAGE.~-Nonrecording gage read once daily. Datum of gage is 1,330.653 ft above mean sea level, datum of 1929
{Minnesota Highway Department benchmark).

EXTREMES , --Current year: Maximum gage height observed, 5.63 ft Apr. 29; minimum observed, 4.26 ft Sept. 12,
Period of record: Maximum gage height observed, 5.95 ft Apr. 17, 1969; minimum observed, 4.22 ft
Sept. 15, 1968.
REMARKS . -~Water level subject to fluctuation caused by wind action.

COOPERATION.~~Gage reading furnished by Pelican River Watershed District.

GAGE HEIGHT, IN FEET, OCTOBER 1969 TO SEPTEMBER 1970

OCt. 3leciecnccecrncoreascaaedebl Mar. 3l..cececesecenasseasse5.01 JUne 30..ccecececscccncnseaa5.53
NOV. 30ccucescessccessnnnsss5.00 APY. 30..cccecasscssreceancss5.60 JUuly 3lecececcerssscncaresse5.14
Dec. 16.ccecccceccascccsnnaab.15 May 3li.cieceeavececcncessaB.lb Aug., 3l..c.ccasaccccccncrssaad a8

SEPt.30.cnrunnrerocnemanensedl65

NOTE.~~-Gage-height record other than that shown above is available.



RED RIVER OF THE NORTH BASIN. 41
05035500 st. Clair Lake Outlet near Detroit Lakes, Minn
LOCATION.~~Lat 46°48'03", long 95°52'37", in NW4 sec.4, T.138 N., R.41 W., Becker County, near right bank 25 ft
upstream from culvert on U.S. Highway 59, 500 ft downstream from outlet of St. Clair Lake, 1 mile upstream
© from Pelican River and 2 miles southwest of Detroit Lakes. ’
PERIOD OF RECORD.=--July 1968 to current year.
GAGE.--Nonrecording gage read once daily. Datum of gage is 1,333.35 ft above mean sea level, datum of 1929.
EXTREMES .-~Current year: Maximum discharge, 18 cfs Apr. 29 (gage height, 2.40 £t): minimum daily, 0.4 cfs, -
Jan. 16 to Feb. 1.
Period of record: Maximum discharge, 31 cfs Apr. 29, 1969 (gage height, 3.15 ft), minimum daily, 0.4 cfs
Jan. 16 to Feb. 1, 1970. .
REMARKS .~-Record good except those for winter period, which are fait.

COOPERATION.--Gage reading furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 YO SEPTEMBER 1970

DAY ocT NOV DEC JAN FER MAR APR vAY JUN JuL AUG SEP

1 2.3 2.6 2.5 1.0 40 5.7 5.0 16 99 1 4.0 1.7

2 2.5 2.6 2.5 «90 «50 5.6 4.9 14 9.9 10 4.0 1.7

3 2.5 2.6 2.5 +90 +50 5.5 6,9 13 9.5 8.8 4.0 1.7

4 2.6 2.6 2.5 <80 «60 Seé 4.9 12 9.2 8.0 3.9 1.5

5 3.6 2.5 2.5 «80 .70 5.4 5.0 11 8.1 7.5 3.9 1.5

6 3.9 2.5 2.5 .70 +90 Seb Seb 11 7e5 6.8 3.9 1.5

7 3.9 2.6 2.5 .70 1.0 5.4 602 10 7.6 6.5 3.9 1.4

8 3.8 2.5 2.5 «70 1.3 Seé 8.3 10 5.5 S.6 3.8. 1.4

9 1,7 2.4 2.5 «70 1.5 5.4 9.5 10 5.7 5.1 2,8 1.3
10 3.9 2.4 2.5 « 50 1.9 Seb 9.5 1 6o 4.9 3.7 1.2
n 4.0 2.1 2.5 60 2.4 5.4 9.5 10 603 4.6 3.7 1.2
12 3.7 2.0 2.5 +50 3.0 5.4 9.5 9.9 6.6 4.6 3.6 1.0
13 3.6 2.1 2.5 «50 3.5 5.3 9.2 9.2 6.9 4.5 3.6 1.0
14 3.4 2.0 2.5 +50 4a2 5.3 9,2 9.0 7.3 4.5 3,3 1.0
15 3.1 2.0 2.5 «50 48 5.2 %1 9.1 1 4.6 3.2 1.2
16 2.9 2.0 2.5 40 544 N 5,2 9.5 9.0 15 446 3.0 le&
17 246 1.9 2.5 «40 5.6 5.2 9,2 8e4 15 4.5 2.8 1.5
18 2.6 1.9 2.5 «40 5.8 5.2 9.0 8.2 14 4.5 2.6 1.5
19 2.6 1.9 2.5 +40 5.9 S.1 10 8.0 13 bob 2.5 1.6
20 2.6 2.0 2.5 «40 5.9 Sel 10 T.7 14 4.4 2.3 1.6
21 246 2.2 2.4 «40 6.0 5.2 10 1.6 14 4¢3 2.2 5e2
22 2.3 2.4 2,2 40 6.0 Se 4 11 7.3 13 4¢3 2.2 5.5
23 2.1 2.5 2.1 40 6.0 5.6 11 7.3 12 4,2 2.2 Se3
24 2.1 2.5 1.9 +40 5.9 S.6 13 7.5 11 4,2 2.1 5.2
25 2.2 2.5 1.8 40 5.8 5.7 14 Te 4 11 4.2 2.1 4.7
26 2.1 2.5 1.6 40 5.8 5.5 14 . Te3 13 4l 2.1 43
27 2.1 2.5 1.5 *40 5.8 5.5 15 T.2 13 4.1 2.0 3.9
28 2.1 2.5 Le4 40 S.7 5.5 16 7.0 12 4.1 2.0 3.7
29 2.0 2.5 1.3 040  wmm——m 5.3 18 6.9 12 4.1 2.0 3.6
30 2.2 2,5 1.2 B 5.3 17 7.3 11 4ol 1.9 3.4
31 243 cemee- lel 040  mmmmmm Sel  —ee=—m- 863 mmmemm 4.1 P B
TOTAL 87.9 69.8 6845 16,80 102.80 166.7 297.0 287.6 31044 165.2 9240 72.7
MEAN 2.84 2.33 2.21 «54 3.67 5.38 9.90 9.28 10.3 5.33 2.97 2.42
MAX 440 2.6 2.5 1.0 6.0 5.7 18 16 15 11 4.0 5.5
MIN 2.0 1.9 1.1 40 40 Sl 4.9 6.9 5.5 4.1 1.7 1.0
AC-FT 174 138 138 33 204 331 589 570 616 328 182 144

CAL YR 1969 TOTVAL L1+777.90 MEAN 4,87  MAX 31 MIN oTO ACFT 3,530
WAT YR 1970 TOTAL 1,737.40 MEAN 4076 MAX 18 MIN .40 ACFT 3,450



42 RED RIVER OF THE NORTH BASIN
05035600 Pelican River at Muskrat Lake Outlet near Detroit Lakes, Minn.

LOCATION.--Lat 46°46'55", long 95°52'57", in SEY% sec.8, T.138 N., R.41 W., Becker County, on downstream side of
dam between Muskrat Lake and Sallie Lake at State Pish Hatchery, 3 miles southwest of Detroit Lakes.

PERIOD OF RECORD,--July 1968 to current year.
GAGE.--Two nonrecording gages. Datum of gage in the boat lock is 1,327.63 ft above mean sea level, datum of
1929, and in the spillway the datum of gage is 1,328.98 ft above mean sea level, datum of 1929.

Nov. 2.

mems.-?:rent year: Maximum daily discharge, 117 cfs Apr. 30: minimum daily discharge, 0.1 cfs Oct. 8 to
Per i

of Record: Maximum daily discharge, 135 cfs Apr. 15, 1969: no flow for several days in most years.
REMARKS . --Records fair. Some regulation by manipulation of stoplogs in controls above station.
COOPERATION. --Gage readings and record of stoplog changes in dam furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR DCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOvV DEC JAN FEB MAR APR MAY JUN Jut AUG SEP

1 «20 .10 9.9 11 95 9.5 14 109 58 45 4eS 40

2 «20 -10 9.9 11 9.5 9.5 14 102 60 42 4e2 «50

3 «20 6.4 10 12 95 10 14 93 60 3s 3.6 «30

L} »20 9.8 10 12 95 11 14 91 58 39 3.6 «30

5 «20 9.3 10 12 9.5 10 14 87 53 38 3.6 «50

6 «20 9.5 10 12 9.5 10 14 78 51 38 3.6 «30

7 «20 9.8 10 12 9.5 10 15 17 48 36 3¢3 «30

8 «10 10 10 12 95 10 8.3 L 45 36 3.3 «30

9 «10 10 1 12 9.5 10 2.9 77 42 25 3.3 «30

10 <10 10 11 12 9.5 10 4.9 T6 o4 25 3.1 «30

11 10 9.8 11 12 9.5 10 7.0 75 45 24 %1 «20

12 «10 8.3 12 11 9.5 10 8.6 72 45 25 3.1 «20

13 «10 6.1 12 11 9.5 10 9,5 71 47 24 3.1 «20

14 «10 7.9 12 11 95 10 10 63 50 21 3.1 +20

15 10 8.9 12 11 9%0 10 11 68 59 18 2.8 «30

16 10 8.9 12 n 9,0 10 12 66 58 17 2.5 +30

17 10 9.4 12 11 %0 10 13 65 54 17 2.0 «40

18 «10 9.4 12 11 9.0 10 16 62 48 17 1.8 40

19 «10 9.4 12 11 9.0 10 26 56 52 17 1.6 «40

20 «10 9.4 12 11 9.0 10 27 54 60 17 1.3 «50
21 «10 9.4 12 11 9.0 10 38 53 57 16 «80 6.6
22 .10 9.4 12 11 9.0 10 48 51 53 12 «60 8.5
23 «10 9.4 12 1 8.5 10 51 51 52 12 60 5.0
24 +10 9.4 12 10 9.0 10 52 48 52 6.9 «60 5.0
25 «10 9.4 12 10 90 10 53 47 51 5.6 «60 40
26 <10 9.4 12 10 9.0 12 57 46 56 5.3 «50 3.8
27 «10 9t 11 10 9.0 15 62 46 50 Se3 «50 3.5
28 10 9.9 11 10 9.0 14 95 46 50 5.6 «50 3.2
29, «10 9.9 11 10 =====- 14 114 47 50 5e3 40 3.0
30 +10 9.9 1t 10 ~====- 14 117 48 47 5.3 «40 3.0

31 210 ~emee- 1 10 —————— I 52  ~===-- 49 «60 Lae

TOTAL 3.80 258.50 347.8 342 258.5 333,0 962.2 2,057 1,559 641,2 66,60 52460

MEAN 12 B.62 11.2 11.0 9.23 10,7 31.4 66e4 51.8 20.7 2.15 1.7%

MAX «20 10 12 12 9.5 15 117 109 60 45 4.5 8.9

MIN <10 10 2.9 10 .5 9.5 2.9 &4 42 4.9 «40 20

AC~FT T.5 513 690 678 513 661 1,870 4,080 3,080 1,270 132 104

CAL YR 1969 TOTAL 7,328,80 MEAN 20.1 MAX 135 MIN .10 ACFT 14,540
WAT YR 1970 TOTAL 6,858,20 MEAN 18.8 MAX 117 MIN 10 ACFT 13,600



RED RIVER OF THE NORTH BASIN
05037100 Pelican River at Sallie Lake Outlet, near Detroit Lakes, Minn.

LOCATION.--Lat 46°45'27%, long 95°53'57", in NWy sec.20, T.138 N., R.41 W., Becker County, on left bank near
downstream end of culvert on County Highway 22, 250 ft downstream from Sallie Lake, 800 ft upstream from
Minnesota Department of Conservation dam and 5 miles southwest of city of Detroit Lakes.

PERIOD OF RECORD.--July 1968 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,327.58 ft above mean sea level, datum of 1929.

.=-=Current year: Maximum daily discharge, 86 cfs May 10, 11; no flow Oct. 1-4, Sept. 8-20.
Period of record: Maximum discharge, 116 cfs Apr. 21, 1969 (gage height, 1.49 ft); no flow for several
days in 1969, 1970.

REMARKS . --Recorde good.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY oct NOv DEC JAN FEB MAR APR MAY JUN JuL AUG
1 (4] .12 5.5 12 12 11 18 79 71 59 5.4
2 0 .13 5.1 12 12 11 18 79 69 60 4.9

-3 o .13 5.5 13 11 18 18 79 47 56 3.8
4 [ .16 5.5 13 12 21 18 179 45 52 3.1
5 .19 .22 5.6 13 12 19 18 79 64 49 2.5

-6 16 .26 6.2 13 12 18 19 80 75 25 2.4
7 .16 .28 6.8 13 12 18 19 78 72 19 2.1
8 .15 40 8.3 13 11 18 20 82 71 19 1.9
9 .13 .55 9.6 13 11 16 17 83 68 19 18
10 .18 .66 9.8 13 11 16 15 86 68 ‘19 1.7
11 «21 .85 9.8 13 11 ‘16 15 86 84 19 1.7
12 .19 +96 10 13 11 14 13 85 76 20 1.3
13 .15 1.2 1 13 11 13 13 82 79 25 1.2
14 .12 1.2 1 13 11 14 15 79 73 25 1.1
15 .10 1.0 12 12 10 15 16 80 80 25 -87
16 .10 1.1 12 12 11 15 18 79 83 20 62
17 +08 1.8 12 12 11 15 21 78 80 19 48
18 .08 2.2 12 12 12 15 21 75 79 17 +35
19 .08 2.2 12 - 12 11 1s 38 73 75 14 o6l
20 «09 2.3 12 12 11 16 47 71 70 12 26 —
21 «09 2.3 12 12 11 16 66 71 69 11 .21

22 <08 2.4 12 12 11 16 T6 70 67 9e4 .27
23 «07 2.7 12 12 10 16 78 70 67 7.5 .26
24 «07 3.3 12 12 10 16 78 70 67 6.4 .22
25 .08 3.7 12 12 11 17 78 71 66 6.1 .22
26 .10 3.8 12 12 10 18 78 69 71 5.4 .21
27 .07 3.9 12 12 11 18 76 67 73 5.6 .20
28 .07 4e1 12 12 11 18 179 67 68 4.9 .17
29 - .07 4.8 12 13 —emeee 18 79 68 66 5.7 .18
30 .07 5S¢4 12 12 ———eee 18 79 68 63 6.3 «30
31 07 e 12 11 ———ee- 18 ——me—- Tl e 7.1 20 --

TOTAL 3.01 54,72 313.7 384 311 503 1,166 2,354 2,106 648.4 40.31

MEAN .097 1.82 1.1 12.4 11.1 16.2 38.8 75.9 70.2 20.9 1.30

MAX .21 5.4 12 13 12 21 19 86 84 60 Seb

MIKN. 0 .12 .1 11 10 11 13 67 45 4.9 .17

AC-FT 6.0 109 .22 162 617 998 24310 49670 44180 1,290 80

CAL YR 1969 TOTAL 8,553.96 MEAN 23.4 MAX 107 MIN O AC-FT 16,970

wTR YR 1970 TOTAL 7+890.52 MEAN 21l.6 MAX 86 MIN O AC-FT 15,650

43

SEP

«20
15
‘17
12
«09

.08
«08

OO0 O0OO0 ©OLOOO ©O0O0

«70
63
«64
.58
78

« 76
+86
«86
87
.81

———

8.38
28
.87

17



4y RED RIVER OF THE NORTH BASIN
05039100 Pelican River at Lake Melissa Outlet near Detroit Lakes, Minn.

LOCATION,--Lat 46°43'50", long 95°53'40", in Nwk sec.32, T.138 N., R.41 W., Becker County, on left bank 50 ft
downstream from Lake Melissa, 400 ft upstream from culvert on county road and 6 miles southwest of Detroit
Lakes.

PERIOD OF RECORD.--July 1968 to current year.

GAGE.--Nonrecording gage read once daily. Aaltitude of gage is 1,330 ft (from topographic map).

EXTREMES .-~Current year: Maximum daily discharge, 95 cfs May 9-18: maximum gage heig!ht 2.28 ft June 18; mini-
mum daily discharge, 0.1 cfs Oct. 21 to Nov. 12, Aug. 28 to Sept. 19.

Period of record: Maximum discharge, 115 cfs May 5-11, 1969 (gage height, 2. 20 ft) no flow Sept. 10-20,
1969.

REMARKS . --Records good. Records of chemical analyses for the current year are published in Part 2 of this
report. Flow affected by storage in lakes above station.

COOPERATION.--Gage readings furnished by Pelican River Watershed District.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
DAY ocT NOV DEC JAN FEB MAR APR MAY JUN Jut AUG SEP

1 .20 +10 3.1 16 15 14 26 91 T2 58 8.8 .10
2 «20 «10 3.1 16 15 14 26 9% n 56 6.8 «10
3 «20 <10 4.0 16 15 14 26 94 68 53 Seb «10
[ «20 «10 4.7 16 15 15 26 96 67 52 4,7 .10
] «20 .10 5.2 16 15 16 26 94 65 51 4.0 .10
6 «20 10 5.7 16 15 17 27 94 63 (31 3.5 10
7 «20 .10 642 16 15 17 27 9% 63 51 3.1 »10
L .20 +10 6.7 16 14 18 27 % 62 50 2.6 -10
9 «20 10 Teb 15 14 19 27 95 64 50 243 +10
10 20 .10 Re2 16 14 19 28 e5 65 50 1.9 «10
11 20 10 8.4 16 14 20 29 95 66 49 1.5 <10
12 «20 210 8.7 16 14 20 29 95 67 483 1.3 <10
13 «20 «30 9.5 16 14 21 29 95 68 48 1.1 +10
14 «20 40 9.5 16 14 21 30 95 70 45 «90 .10
15 «20 40 9.5 16 14 21 30 95 72 36 +80 o10
16 «20 «40 10 16 14 21 30 95 T4 30 «60 «10
17 .20 60 10 16 14 22 31 95 79 29 50 «10
18 «20 «60 11 16 14 22 32 95 81 26 «50 »10
19 «20 «60 1 16 14 22 34 91 79 23 .40 10
20 .20 «60 11 16 14 22 36 90 78 22 40 «20
21 10 | «80 1 16 14 23 37 a8 8 21 «40 «20
22 «10 «R0 12 16 14 23 39 87 % 20 30 «30
23 .10 «80 13 16 14 23 41 84 73 19 «30 »30
26 <10 1.0 13 16 16 23 85 a4 mn 17 20 «30
25 +10 1.2 13 16 14 23 50 84 70 16 «20 «30
26 +10 1.9 14 16 14 24 55 a1 66 16 .20 «30
27 .10 2.0 14 16 14 264 59 79 66 15 «20 30
2e »10 2.5 16 16 14 25 72 78 62 14 10 +30
29 «10 2.5 pIA 15  ~=eee- 26 78 76 61 13 «10 «30
30 «10 3.1 15 15  emc-ea 26 85 5 60 12 «10 30
31 S 15 15 eccae- 26 eemme= 76 emcee- 10 e10  wweme=
TOTAL 5.10 21.70 301.9 493 399 641 1,137 2,770 2,074 14,0649 534,50 $.00
MEAN 16 # 72 9. T4 15.9 16,3 20,7 37.9 8%.4 6% 1 33,8 1.73 .17
MA X .20 3.1 16 16 15 26 8s oS 81 58 8.8 «30
MIN 10 «10 3,1 15 14 14 26 14 60 10 10 10
AC=FT 10 43 599 978 701 1,270 2,260 5,4°0 4y110 2,080 106 9.9
CAL YR 1969 TOTAL 9,598,60 MEAN 26.3 MAX 115 MIN O ACFT 19,040

WAT YR 1970 TOTAL 8,950,20 MEAN 24.5 MAX 95 MIN  L10 ACFT 17,750



RED RIVER OF THE NORTH BASIN 45
05040500 Pelican River near Fergus Falls, Minn.

LOCATION.--Lat 46°20'10", long 96°07'10", in NE% sec.l7, T.133 N., R.43 W., Otter Tail County, on left bank
990 ft downstream from bridge on U. 8. Highway 52, 3 miles northwest of Fergus Falls and 7.5 miles upstream
from mouth.

DRAINAGE AREA.--482 sq mi.

PERIOD OF RECORD.--June 1909 to December 1912, July 1942 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,176.98 ft above mean sea level, datum of 1929 (levels by
Minnesota Highway Department). June 19, 1909, to Dec. 31, 1912, nonrecording gage at site 1 mile down-
stream at different datum. July 1, 1942, to Nov. 6, }955, nonrecording gage and Nov. 7, 1955, to Sept. 30,
1963, water-stage recorder at site 900 ft upstream at datum 3.00 £t higher.

AVERAGE DISCHARGE.--31 years (1909-12, 1942-70), 77.3 cfs (56,000 acre-ft per year).

EXTREMES .--Current year: Maximum discharge, 350 cfs June 20 (gage height, 4.38 ft): maximum gage height, 5.98
£t Mar. 22 (backwater from ice): minimum discharge, 10 cfs Sept. 13, 14 (gage height, 3.02 ft).

Period of record: Maximum discharge, 756 cfs Mar. 29, 1943 (gage height, 8.53 ft_:, present datum); max-
imum gage height, 8.99 ft Mar. 21, 1966 (backwater from ice); no flow on many days in 1946, 1949-50.

KEMARKS . --Records good except those for winter months, which are fair. Records of suspended sediment loads for
the water year 1970 are published in Part 2 of this report.

REVISIONS .--WSP 955: Drainage area.

DISCHARGEs IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ccT Nav DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 18 21 16 19 24 30 49 167 186 123 64 18
2 18 21 16 19 24 30 54 160 186 114 62 18
3 19 21 16 19 24 38 60 160 190 114 59 16
L 20 21 16 19 24 36 65 152 182 108 59 15
5 22 21 16 19 24 32 100 149 174 108 57 14
6 26 21 16 19 25 32 115 145 170 108 56 12
7 25 21 16 19 25 32 140 145 163 106 53 12
8 25 20 16 19 25 33 170 145 160 99 51 12
9 25 20 16 19 25 33 212 149 152 99 51 i1
10 25 19 16 19 25 33 260 160 156 94 48 11
11 24 18 16 20 25 33 145 163 163 90 45 11
12 246 17 16 20 28 33 108 167 160 88 42 11
13 24 14 16 20 25 33 97 167 167 88 40 11
14 23 12 16 20 25 34 99 167 178 84 37 1
15 22 12 16 20 25 35 97 170 2264 84 34 12
16 22 12 16 20 26 36 101 170 228 82 30 14
17 22 13 16 20 27 37 101 167 233 84 30 14
18 21 13 17 20 27 37 99 163 242 84 30 14
19 21 13 17 20 27 37 111 156 251 86 30 14
20 21 13 17 20 27 37 135 156 300 84 28 14
21 22 13 17 20 28 38 156 156 256 82 29 14
22 22 14 17 21 28 40 163 156 228 76 29 13
23 22 14 17 21 29 40 167 160 207 T4 28 12
24 22 14 17 21 29 40 178 163 186 73 28 14
25 21 14 1?7 21 30 41 182 170 174 69 27 14
26 21 14 7 21 30 41 170 167 163 67 25 14
27 21 14 17 22 30 41 163 170 152 64 23 14
28 20 15 18 22 3C 41 174 163 145 62 21 14
29 20 15 18 22 eweee- 43 182 174 138 61 20 13
30 20 15 18 23  e=ce=a 45 174 170 132 57 20 12
31 20  ——eee- 19 23 meeme- 47  ew——— 182 —ee==- 73 19 ——————
TOTAL 676 485 515 627 738 1,138 4,027 59009 Ss646 2,685 1175 399
MEAN 21.8 16.2 16.6 20.2 26.4 36.7 134 162 188 86.6 37.9 13.3
MAX 25 21 19 23 30 &7 260 182 300 123 64 18
NIN 18 12 16 19 24 30 49 145 132 57 19 11
AC-FT 14340 962 1,020 14260 1,460 24260 T+990 94940 11,200 54330 24330 191
CAL YR 1969 TOTAL 38,337 MEAN 105 MAX 688 MIN 12 AC-FT 764040

WYR YR 1970 TOTAL 23,120 MEAN 63,3 MAX 300 MIN 11 AC-FT 45,860



46 RED RIVER OF THE NORTH BASIN
05045950 Orwell Reservoir near Fergus Falls, Minn.

LOCATION.--Lat 46°12'55", long 96°10'40", in SW4 sec.26, T.132 N., R.44 W., Otter Tail County, at dam in Otter
Tail River at outlet of Orwell Reservoir, 7 miles southwest of Fergus Falls, Minn.

DRAINAGE AREA.-~-1,830 sg mi, approximately.
PERIOD OF RECORD.--March 1953 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,000.00 ft above mean sea level, adjustment of 1912. Gage read-
ings reduced to elevations above mean sea level.

EXTREMES.--Current year: Maximum contents, 12,890 acre-ft Oct. 14 (elevation, 1,068.89 ft): minimum, 871 acre-
ft Apr. 2 (elevation, 1,047.14 ft).
Period of record: Maximum contents, 16,920 acre-ft June 17, 1962, May 23, 1966 (elevation, 1,072.38 ft):
minimum (after initial filling), 844 acre-ft Aug. 26, 27, 1953 (elevation, 1,046.96 ft).

REMARKS . --Reservoir is formed by earth dam with concrete spillway with one taintor gate:; storage began in March
1953. Capacity to elevation, 1,070 ft (Maximum operating stage) is 14,100 acre-ft of which 13,100 acre-ft
is controlled storage above elevation 1,048 ft (minimum operating stage). Dead storage, 210 acre-ft. Fig-
ures given herein represent total contents. Reservoir is used for flood control and to increase low flow for
water supply and pollution abatement.

COOPERATION.--Records furnished by Corps of Engineers.

MONTHEND ELEVATION AND CONTENTS, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

Elevation Contents Change in contents
Date (feet) (acre-feet) (acre-feet)

SEPE.304 s e e tanaresonacaccaneoasascencsonarssesanercesnecenes 1,067.26 11,330 -
Oct. 3l........ 1,067.09 11,180 -150
Nov. 1,063.13 7,900 -3,280
Dec. 1,061.80 6,960 -940

CAL YR 1969..ccccteecncranscecesssssoocssasncssonscssassonss - - +2,740
Jan. 1,056.95 4,080 ~-2,880
Feb. 1,049.92 1,430 ~2,650
Mar. 1,047.59 938 -492
Apr. 1,050.82 1,700 +762
MAY 3letiueveeenncrnanonsesncananneeooannsannasconsancenneas 1,050.92 1,730 +30
June 30........... S eieeieicecesenscectsocsrssonsaseasonsesas 1,050,116 1,500 -230
TULY 3luuucetanncensnneseotaroosnnrassasaasnssssnsnsanossnens 1,054,701 3,080 +1, 580
BUG. 3leuueennuunennnoneeanoeanasanssnsceooasasnnannnenaon. 1,063.52 8,220 +5,140
SEPt.30. . ittt ittt eseecaerserrsasursnssannass 1,067.93 11,940 +3,720

WTR YR 1970, . .ccvecennsvecssscosnrsnceosvosacacsnrcnoncones - - +610
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05046000 Otter Tail River below Orwell Dam, near Fergus Falls, Minn.

LOCATION.--Lat 46°12'35", long 96°11'05", in NE% sec.34, T.132 N., R.44 W., Otter Tail County, on left bank 0.7
mile downstream from Orwell Dam, 6.1 miles downstream from Dayton Hollow Dam, 8 miles southwest of Fergus
Falls, and 1l.1 miles downstream from Pelican River.

DRAINAGE AREA.--1,830 sq mi, approximately.

PERIOD OF RECORD.--October 1930 to current year. Prior to October 1952, published as Otter Tail River below
Pelican River, near Fergus Falls, Monthly discharge only for some periods, published in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 1,029.65 ft above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). Oct. 11, 1930, to Nov. 17, 1933, at same site at datum 2.00 £t higher; Nov. 18, 1933,
to Mar. 21, 1953, at site 6.1 miles upstream at datum 40.30 ft higher.

AVERAGE DISCHARGE.--40 years, 286 cfs (207,200 acre-ft per year).

EXTREMES .--Current year: Maximum discharge 935 cfs June 22 (gage height, 3.88 ft):; minimum, 0.70 cfs Aug. 5
(gage height, 1.28 ft) regulation.

Period of record: Maximum discharge, 1,710 cfs June 17, 1953 (gage height, 5.60 ft, backwater from
aquatic vegetation):; minimum, 0.7 cfs Aug. 5 (gage height, 1.28 ft), result of regulation.

REMARKS .--Records good. Flow regulated by Orwell Reservoir beginning Mar. 21, 1953 (see preceding page) and
powerplants upstream.

REVISIONS (WATER YEARS).--WSP 785: 1934(M). WSP 1208: 1947(M). WSP 1308: 1931(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ccry NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 60 149 148 210 182 169 161 570 855 709 246 46
2 60 149 149 210 205 169 103 599 885 703 246 29
3 6C 149 149 210 203 173 76 593 861 703 92 20
4 60 149 149 210 200 230 123 582 808 697 5.0 20
5 60 149 14$ 210 197 294 173 582 767 685 70 19
6 60 149 148 210 15é 289 240 627 709 599 306 20
7 60 149 149 205 182 267 240 639 639 587 311 19
8 S8 149 149 205 178 251 283 593 633 633 256 18
9 58 149 149 205 173 235 390 553 622 627 196 9.5
10 58 149 149 205 230 201 524 564 490 610 173 9.9
11 58 149 149 205 267 214 564 622 468 576 173 9.5
i2 S8 149 149 205 261 256 559 668 604 536 137 9.9
13 78 149 149 201 256 278 513 668 633 479 120 11
14 130 149 149 201 24€ 272 440 668 604 440 120 12
15 153 149 149 201 240 261 339 668 616 446 123 12
16 153 153 145 201 24C 240 384 680 761 423 126 12
7 153 153 145 201 235 214 440 697 790 334 123 13
18 153 150 149 191 232 218 406 691 167 278 100 13
19 149 150 149 187 246 219 384 685 697 311 86 13
20 149 150 149 187 235 219 418 680 703 378 86 13
21 149 149 149 182 224 224 440 685 767 356 86 13
22 153 149 149 173 219 214 429 738 885 328 89 13
23 153 157 149 173 214 214 429 738 831 311 89 13
24 149 157 149 173 214 219 457 732 732 272 89 13
25 153 157 149 173 210 235 479 743 738 240 69 34
26 153 153 149 178 191 261 496 767 120 246 44 89
27 153 153 149 182 165 256 490 790 738 195 44 89
28 153 153 149 185 169 235 513 790 732 235 44 86
29 149 153 149 181 —————— 224 524 808 T26 256 4b 86
30 149 153 149 178 —————— 187 536 825 T4 206 46 100
31 149 ————— 178 173 —————— 161 —————— 825 ————— 256 46 ——————
TCTAL 34491 44525 49640 65011 €4Cl4 74100 11,553 21,070 214495 13,655 3,785.0 865.2
MEAN 112 151 150 194 215 229 385 680 n7z 440 122 28.8
MAX 153 157 178 210 267 294 564 825 885 709 311 100
MIN 58 149 145 173 169 161 76 553 468 195 5.0 9.5

AC-FT 69920 8,980 94200 19520 11,930 14,080 22,920 41,790 42,640 27,080 74510 1,720

CAL YR 1965 TOTAL 145,610.0 MEAN 410 MAX 1,23C MIN 49 AC-FT 266,800
WTR YR 1570 TOTAL 104,204.2 MEAN 285 MaX 885 MIN 5.0 AC-FT 206,700
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05050000 Bois de Sioux River near White Rock, S. Dak.

LOCATION.~-=-Lat 45°51'45", long 96°34'25", in swiswy sec.27, T.128 N., R.47 W., Roberts County, on left bank just -
downstream from Big Slough Outlet, 300 ft downstream from White Rock Dam, 4 miles south of Whits Rock, and 5
miles northwest of Wheaton, Minn.

DRAINAGE AREA.--1,160 sq mi, approximately.

PERIOD OF RECORD,--October 1941 to current year.

GAGE.--Water-stage recorder. Datum of gage is 960.00 ft above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). Prior to Jan. 14, 1943, nonrecording gage at same site at datum 0.1l ft lower. Jan. 15,
1943, to Sept. 30, 1963, water stage recorder at same gite at datum 0.1l1 ft lower.

AVERAGE DISCHARGE.--29 years, 85.1 cfs (1.00 inches per year, 61,650 acre-ft per year).

EXTREMES.-~Current year: Maximum discharge, 102 cfs, Oct. 14 (gage height, 4.68 ft):; maximum gage height, 4 87
ft Mar. 24 (backwater from ice); no flow for many days.

Period of record: Maximum discharge 3,770 cfs, occurred during period Apr.

19-21, 1969 (gage height,
15.07 ft, from flood mark); no flow at t:.mes in most years.

REMARKS . --Records poor. Flow regulated by Lake Traverse-Bois de Sioux Flood Control and Water Conservation pro-
ject (available capacity for flood control, 137,000 acre-ft.

DISCHARGE. IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocry NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP

1 ¢ «90 0 1.8 18 23 «30

2 ¢ «80 0 2.0 15 20 «30

3 o «8C 5.0 2.1 13 22 27

& 20 70 3.7 23 11 19 «20

5 1.0 7C 2.9 2.6 10 13 «10

) 1.5 «70 2.4 2.9 8.2 9.7 «10

7 2.0 60 2.1 3.2 7.0 7.2 0

8 205 «60 1.9 3.5 6.0 5.6 [

9 3.0 «60 1.7 4.C 5.1 4.0 0

10 2.8 50 1.5 4e5 bed 3.2 a

11 2.6 50 le4 S5e2 3.8 246 9

12 2.4 50 1.3 6e2 3.3 2.1 0

13 24 «4C 1.2 Teb6 2.8 le6 0

14 9.8 «40 1.1 19 245 1.3 ]

15 2.7 «30 l.l 17 2.2 1.8 0

16 2.3 »20 1.1 38 1.9 1.7 [+}

17 2.0 10 1.1 30 1.7 1.9 0

18 1.8 [ 1.1 29 1.5 1.6 [+]

19 b Y ) 0o lel 16 1.3 le2 0

20 1.5 G l.2 18 1.2 2.0 0

21 l.4 0 1.2 24 1.0 3.0 ]

22 1.3 o 1.2 29 «90 2.4 9

23 1.2 0 1.3 29 «80 1.8 0

24 1.2 o} 1.3 25 o TC l.6 )

25 lel 0 1.3 21 «90 1.3 [+]

26 1.1 ] l.4 19 1.5 1.2 4

27 1.0 [} 1.4 17 1.9 «90 o]

28 1.0 0 1.5 23 1.7 .7C o]

29 3.0 [ l.6 27 1.5 «50 0

30 1.1 0 l.6 22 1.3 40 0

31 1.0 —————— 1.7 cm————— 1.1 ————— 0 ——————
TOoTAL 56450 9.30 0 ] 0 4Be4 432.9 133,20 158.00 1.20 bs) 0
MEAN 1.82 31 o ] 0 1.56 l4.4 4430 5.27 039 b2 0
MAX 9.8 «9C 0 0 o] 5.0 38 18 23 «30 [+] 0
MIN 0 0 0 0 o [>] 1.8 70 40’ ] 2 0
AC-FT 112 18 4 0 0 96 859 264 313 244 o 0
CAL YR 1969 TOTAL 92,205.90 MEAN 253 MAX 3,380 MIN O ACFT 182,900
WAT YR 1970 TOTAL 839.50 MEAN 2.3 MAX 38 MINO ACFY 1,67C



RED RIVER OF THE NORTH BASIN 49
05051500 Red River of the North at Wahpeton, N. Dak.

LOCATION.--Lat 46°15'55", long 96°35'40", in NE% sec.8, T.132 N., R.47 W., Richland County, on-left bank in
Wahpeton, 800 ft downstream from confluence of Bois de Sioux and Otter Tail Rivers and at mile 548.6.

DRAINAGE AREA.--4,010 sq mi, approximately.

PERIOD OF KECORD.--April 1942 to current year. Gage-height records collected in this vicinity since 1917 are
contained in reports of U.S. Weather Bureau. '

GAGE.--Water~stage recorder and concrete and wooden dam. Datum of gage is 942.97 ft above mean sea level.
Prior to Aug. 6, 1943, U.S. Weather Bureau nonrecording gage 800 ft upstream, converted to present datum.
Aug. 6, 1943, to Oct. 27, 1950, nonrecording gage at present site and datum. h

AVERAGE DISCHARGE.--27 years (1943-70), 536 cfs (388,300 acre-ft per year).

EXTREMES .--Current year: Maximum discharge, 1,450 cfs Apr. 8 (gage height, 6.93 ft, backwater from ice);
minimum, 9.0 cfs Sept. 14 (gage height, 2.54 ft). :
Period@ of record: Maximum discharge, 9,200 cfs Apr. 10, 1969 (gage height, 16.34 ft): minimum, 8 cfs
Aug. 25, 1961 (gage height, 2.26 ft): minimum gage height, 1.76 ft Sept. 8, 9, 1969 (gates open).
Maximum stage known, 17.0 ft in spring of 1897 (10,500 cfs).

REMARKS . --Records good. Flow regulated by Orwell Reservoir (capacity, 14,100 acre-ft at elevation 1,070 ft

above mean sea level, adjustment of 1912); Lake Traverse (capacity, 137,000 acre-ft), available for flood
control; numerous other controlled lakes and ponds, and several powerplants.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG S
1 71 140 136 145 ©o12s 160 233 672 927 756 170 39
2 T2 136 135 160 125 165 221 688 927 740 160 38
3 Te 135 136 170 136 200 178 72 963 720 150 37
4 78 133 129 170 159 174 119 700 963 728 146 25
5 B9 13 134 173 160 175 183 684 923 T28 37 17
6 T6 128 142 17¢ 163 255 339 680 858 700 20 16
7 66 128 142 180 157 272 517 692 806 648 223 14
8 67 130 140 175 149 275 1,200 732 T20 580 289 16
9 69 129 138 170 153 259 1,400 T00 688 624 261 15
10 T2 126 140 165 151 239 14000 652 672 628 200 15
11 79 125 145 165 165 191 792 652 616 620 166 13
12 79 126 139 170 206 205 760 686 512 596 163 13
13 81 94 134 170 220 247 132 740 620 556 161 10
14 86 78 135 171 220 279 672 T48 668 s12 106 11
15 119 106 135 168 214 282 592 752 T28 456 101 20
16 139 150 138 157 208 283 460 752 850 4648 103 21
17 141 145 140 158 231 280 476 760 896 429 109 18
18 142 108 140 165 214 247 548 760 914 335 109 17
19 140 92 140 160 200 246 556 768 900 264 100 16
20 143 129 138 155 209 248 536 T64 905 278 73 14
21 139 145 134 148 207 258 652 756 854 338 T2 12
22 139 147 121 142 212 274 854 764 866 338 71 10
23 139 142 123 163 195 260 833 792 927 317 17 9
24 137 139 140 179 184 253 192 829 963 300 79 12
25 137 138 140 170 174 279 T48 808 856 280 80 17
26 137 138 138 1647 322 724 812 808 260 T4 17
27 135 133 135 135 351 708 B37 800 245 “2 64
28 135 134 136 136 308 696 858 792 230 35 96
29 134 134 132 122 322 680 879 784 215 38 90
32 134 133 125 11s 292 6T2 883 176 200 42 80
31 136 ————— 125 126 284 ———— 923 —————— 185 L3 ———
TOTAL 3,385 3,852 44205 4,903 5,018 T+885 18,873 23,4433 249478 144 256 39476 790
MEAN 109 128 136 158 179 254 629 756 816 460 112 26
MAX 143 150 145 180 231 351 1,400 923 963 756 289
MIN 66 78 121 114 125 160 119 652 512 185 20 9

AC=FT 69710 T,640 84340 9,730 9+950 15,640 37,430 464480 48,550 2B,270 6+ 890 1,5

CAL YR 1969 TOTAL 322,062.0 MEAN 882 MAX 85940 MIN 30 AC-FT 638,800
WTR YR 1970 TOTAL 114,552.9 MEAN 314 MAX 1,400 MIN 9.9 AC-FT 227,200
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05054000 Red River of the North at Fargo, N. Dak.

LOCATION.--Lat 46°51'40", long 96°47'00", in NW4NE% sec.18, T.139 N., R.48 W., Cass County, at city waterplant -
on 4th st. 8. in Fargo, 25 miles upstream from mouth of Sheyenne River and at mile 453.0.

DRAINAGE AREA.--6,800 sq mi, approximately.

PERIOD OF RECORD.--May 1901 to current year. Published as "at Moorhead, Minn." 190l. Monthly discharge. only
for some periods, published in Wsp 1308.

GAGE.--Water-stage recorder and concrete control. Datum of gage is 861.8 £t above mean sea level. Oct. 1,
1960, to Sept. 30, 1962, water-stage recorder at present site at datum 5.6 ft higher. Since Oct. 1, 1960,
auxiliary water-stage recorder 2 miles upstream. See WSP 1728 or 1913 for history of changes prior to Oct. 1,
1960.

AVERAGE DISCHARGE (UNADJUSTED) .--69 years, 536 cfs (388,300 acre-ft per year); median of yearly mean discharges,
440 cfs (319,000 acre-ft per year).

EXTREMES , --Current year: Maximum discharge, 2,480 cfs June 18 (gage height, 16.27 ft); no flow Sept. 30.
Period of record: Maximum discharge, 25,300 cfs Apr. 15, 1969 (gage height, 37.34 ft); no flow for many
days in each year for period 1932-41; Sept. 30, 1970.
Maximum stage known, 40.1 ft Apr. 7, 1897, site and datum in use prior to 1914 (discharge, 25,000 cfs).

REMARKS . ~-=Records good. Flow regulated by Orwell Reservoir (capacity, 14,100 acre-ft at elevation 1,070 ft
above mean sea level, adjustment of 1912):; Lake Traverse (capacity, 137,000 acre-ft, available for flood
control); other controlled lakes and ponds and several powerplants. Some small diversions for municipal sup-
ply. Figures of daily discharge do not include diversion by cities of Fargo and Moorhead. Records of chem-
ical analyses for water year 1970 are published in Part 2 of this report.

REVISIONS (WATER YEARS).--WSP 1308: 1902-4, 1906-7, 1910-14, 1916, 1918, 1924. WSP 1388: 1905-6, 1917-20(M),
1935(M), 1938-39(M), 1943.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TD SEPTEMBER 1970

DAY ocr NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 52 137 114 107 152 186 380 896 1,010 941 194 20
2 52 141 114 107 148 177 380 852 1,010 905 199 17
3 57 1644 122 114 144 208 362 836 1,030 B69 194 16
4 70 144 122 125 133 169 356 828 1,040 852 203 15
5 62 144 118 148 137 169 436 828 1,070 820 194 16
6 54 133 114 152 133 186 590 812 1,080 780 194 16
7 52 122 114 165 125 181 852 780 1,060 740 152 13
8 57 122 122 169 118 173 10260 772 1,120 724 68 1%
9 57 122 122 165 133 194 14260 780 1,010 676 65 13
10 57 122 118 165 129 213 1,470 804 205 605 9% 14
11 48 122 114 160 129 213 1+590 788 820 582 208 14
12 46 122 107 156 129 236 1,770 740 780 582 218 11
13 G4 120 101 160 137 232 1,620 716 740 590 181 11
14 44 118 101 160 148 208 14340 748 644 575 144 10
15 44 84 98 165 194 199 1,180 796 772 538 144 14
16 41 70 98 165 203 232 950 812 1,320 510 129 12
17 44 8l 98 160 213 267 896 812 2,260 456 98 12
18 70 91 98 169 208 272 684 812 2,390 430 B4 11
19 107 114 101 165 222 267 660 820 2,070 404 8 9.6
20 129 114 107 152 236 267 756 836 1,750 380 68 37
21 137 104 114 156 241 272 852 836 1,540 310 68 37
22 137 94 118 160 222 283 1,130 836 1,480 272 68 19
23 141 104 114 156 218 277 1,370 836 1,410 277 57 17
264 129 133 114 148 208 283 1,650 852 1,300 299 46 12
25 133 144 107 144 208 288 1,470 878 1,240 310 35 12
26 141 144 107 16464 208 310 1,260 896 1,220 293 35 12
27 133 137 114 165 203 327 14190 896 1,140 283 30 9.0
28 133 133 122 186 194 327 1,130 914 1,040 236 29 7.2
29 133 125 122 177 —mmemm 356 1,010 986 986 222 45 2¢64
30 129 118 ils 165  ————ee 386 950 977 968 194 48 0
31 133 —eeeee 107 152 =----- 392 —ee-ee 15020  ====e= 171 25 wmmee-
TOTAL 2,666 3,603 3,460 4,782 4,873 7,750 30,804 25,995 36,205 15,826 3,395 423.2
MEAN 86.0 120 112 154 174 250 1,027 839 1,207 511 110 1441
MAX 141 144 122 186 261 392 1,770 1,020 2,390 %1 218 37
MIN 41 70 98 107 118 169 356 716 644 17 25 0
AC-FT 54290 75150 69860 9,490 9,670 15,370 614100 51,560 71,810 31,390 6,730 839

+ 706 668 739 737 700 748 664 734 831 1,478 1,344 810

ADJUSTED FOR DIVERSION IN ACRE-FEET BY CITIES OF FARGO AND MOORHEAD

MEAN 97.5 131 124 166 187 262 1,038 850 1,221 535 131 27.7
AC-FT 6,000 7,820 7,600 10,230 10,370 16,120 61,760 52,290 72,640 32,870 8,070 1,650
0BSERVED . ADJUSTED

CAL YR 1969 TOTAL 521,202.0 MEAN 1,428 MAX 24,800 MIN 28 AC-FT 1,034,000 MEAN 1,442 AC-FT 1,044,000
WTR YR 1970 TOTAL 139,782.2 MEAN 383 MAX 2,390 MIN O AC-FT 277,300  MEAN 397 AC-FT 287,400

+ Diversion in acre-feet by cities of Fargo and Moorhead.
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05061000 Buffalo River near Hawley, Minn.

LOCATION.--Lat 46°51°'00", long 96°19'45", near center of SE% sec.l4, T.139 N., R.45 W., Clay County, near left
downgtream end of bridge on farm lane, 2 miles southwest of Hawley.

DRAINAGE AREA.--322 sq mi.
PERIOD OF RECORD.~-March 1945 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,111.91 ft above mean sea level, datum of 1929. Prior to Jan.
29, 1953, nonrecording gage at bridge 1,800 ft upstream at datum 3.17 ft lower.

AVERAGE DISCHARGE.--25 years, 72.3 cfs (52,380 acre-ft per year).
EXTREMES.--Current year: Maximum discharge, 498 cfs Apr. 10 (gage height, 6.98 ft); minimum, 6.2 cfs Aug. 28
(gage height, 2.82 ft).
Period of record: Maximum discharge, 1,880 cfs Apr. 9, 1969 (gage height, 9.07 ft); maximum gage height,
9.31 £t Aug. 5, 1955; minimum discharge, 4.8 cfs Aug. 27, 1969; minimum gage height, 2.55 ft Sept. 5, 1961.
Maximum stage known, about 11.3 ft, present datum, spring of 1921, from information by local resident.
REMARKS .--Records good except those for winter months, which are fair.

REVISIONS (WATER YEARS).--WSP 1308: 1945-46(M), 1948(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTGBER 1969 TO SEPTEMBER 1970

DAY oCcT NaV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP

1 25 32 25 15 14 17 18 419 118 82 15 904

2 23 34 23 14 i4 17 18 365 119 76 15 9e2

3 22 37 22 14 14 17 19 320 107 70 13 900

4 28 36 21 ‘14 15 17 21 278 98 &7 13 805

5 30 35 21 14 15 16 40 241 90 63 12 Teb

6 36 34 20 la 15 16 1060 209 83 60 13 Te5

hd 41 32 20 14 15 16 153 187 79 56 13 To5

3 38 31 20 13 15 16 271 173 76 53 12 703

9 34 31 20 13 15 16 417 . 1e2 74 49 12 Tob

1c 31 20 20 13 15 16 478 160 T2 46 12 To8

11 36 29 20 13 15 le 393 157 mn 44 13 8.0

12 43 29 20 13 15 15 311 148 T2 42 11 Teb

1 40 27 19 13 15 15 255 139 73 41 12 709

14 36 26 19 13 15 15 226 135 73 39 12 8ol

15 33 26 19 12 " 15 15 200 140 80 37 11 %e 2

16 32 25 19 12 15 16 190 145 163 35 11 809
17 29 25 18 12 16 18 180 138 192 33 10 i1
le 27 24 18 12 16 21 164 124 185 31 11 12
19 26 24 18 12 16 23 l61 114 174 28 10 11
20 25 24 18 12 16 24 146 106 167 27 10 14
21 24 24 17 12 16 27 169 103 154 26 9ol 16
22 24 25 17 12 16 32 207 101 146 24 902 15
23 24 25 17 13 16 30 224 99 137 22 8.8 16
24 23 26 18 13 16 28 246 100 121 21 8.5 i3
25 24 26 16 13 16 25 268 101 108 20 8.1 12
26 25 26 16 13 16 23 286 100 112 18 8e1 11
27 26 26 16 13 17 22 296 95 122 18 Te3 10
28 24 26 16 13 17 21 337 93 109 18 Te6 10
29 25 26 15 13 =ev=—- 20 406 95 97 i8 7.6 10
30 26 25 15 14 —=wo-- 19 462 98 88 17 8.9 11

3l 29  wwee—— 15 14 ==~==- 19  e-e==- 100 —=w=-- 16 965  wemma-

TOTAL 908 846 576 405 431 608 69662 49945 3,360 1,197 33400 303.1

MEAN 2943 2842 1846 13.1 15.4 1946 222 160 112 3806 10.8 10e1

MA X 43 37 25 15 17 32 478 419 192 82 15 16

MIN e2 24 15 12 14 15 18 93 T 16 Te3 T3

AC=FT 1,800 1,680 14140 803 855 1210 13,210 9,810 64660 24370 662 601

CAL YR 1569 TOTAL 284063.2 MEAN Té6.9 MAX 1,670 MIN 7.5 ACFT 55,660
WAT YR 1970 TOTAL 20,575.1 MEAN 5644 MAX 478 MIN 7.3 ACFT 404810
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05061500 South Branch Buffalo River at Sabin, Minn.

LOCATION.--Lat 46°46°'20", long 96°37'40", in SwWiSW sec.9, T.138 N., R.47 W., Clay County, near center of"span
on downstream side of highway bridge, 0.3 mile downstream from Stony Creek and 1 mile east of Sabin.

DRAINAGE AREA.--522 sq mi.

PERIOD OF RECORD.--March 1945 to current year.

GAGE.--Nonrecording gage read once or twice daily and crest-stage gage. Datum of gage is 902.39 ft shove mean

sea level, datum of 1929 (levels by Soil Conservation Service).

site 1 mile downstream at different datum.

AVERAGE DISCHARGE.--25 years, 55.9 cfs (40,500 acre-ft per year).

EXTREMES.--Current year:

readings, backwater from ice); minimum, 0.1 cfs Sept. 8, 9

Period of record:

days in most years.

REMARKS .--Records fair.
REVISIONS (WATER YEARS) .--WSP 1308:

1949(M) .

CISCHARGE,

DAY ocT NOV CEC JAN
‘1 2.6 18 845 24
2 2,1 i 8.2 2.3
3 26 29 8e1 2.2
4 3.8 20 Te9 22
H 6eC 19 Te? 2.1
¢ €eS 19 Teb 2.0
7 7.C 18 Te5 2.C
8 Te2 18 Te2 2.¢C
S Te2 17 Tt 1.9
1c Te7 17 7.0 leS
11 1C 16 6.8 1.9
12 12 15 6e6 1.8
13 13 14 603 1.8
14 12 14 640 le7
15 11 13 S5e6 17
1¢é 12 131 5e2 le7
11 11 1 4e9 | ¥y
18 1Cc 9.0 beb 1e7
15 1¢ 845 4e3 Le6
20 10 8e3 4ol 1e6

21 11 8.1 3.9 le6
22 11 8,0 3.7 1e6
23 11 840 3.5 le6
24 1C 8e2 3.3 leb
25 Se5 8.3 262 1.7
2¢ 9.0 8.5 3.1 17
27 8,8 8e7 205 17
28 8.5 8.8 2.8 17
2S Se5 8.8 207 1.7
36 13 Be7 24¢€ 1.8
31 18 —————— 245 1.8

TCTAL 284,0 3879 165,¢ 5607

MEAN 9«16 12.9 534 1.83

MAX 1€ 2C 845 2e4

FIN 206 8.0 245 le6

AC-FT 563 769 328 112

CAL YR 1969 TOTAL 31,849.00 FEAN 87,3

WIR YR 197C TGCTAL 10,233, 70 MEAN 28,0

FEE

1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.$
1.6

leS

l.q

MAX 6,230
MAX 420

MAR APR MAY JUN
1.2 20 166 49
1.2 19 144 52
1.0 19 120 52

«S0 22 102 44

+80 50 9% 39

.70 15 79 1]

»70 200 12 22

»60 400 66 31

.60 420 60 27

»60 375 57 2%

o0 330 55 23

«60 210 56 23

»60 132 " 52 23
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* RED RIVER OF THE NORTH BASIN 53
05062000 Buffalo River near Dilworth, Minn.

LOCATION.--Lat 46°57'40", long 96°39'40", in SW4SEk sec.6, T.140 N., R.47 W., Clay County, on left bank 4.5
miles southeast of Kragnes, 6.5 miles northeast of Dilworth, and 9 miles downstream from South Branch.

DRAINAGE AREA.--1,040 sq mi, approximately.
PERIOD OF RECORD.--March 1931 to current year. Monthly discharge only for some periods, published in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 878.31 ft above mean sea level, datum of 1929 (levels by Corps of
Engineers) . Prior to Apr. 5., 1937, nonrecording gage at seme site and datum.

AVERAGE DISCHARGE.--39 years, 124 cfs (89,840 acre-ft per year).
EXTREMES .--Current year: Maximum discharge, 802 cfs Apr. 12 (gage height, 12.85 ft, backwater from ice); mini-
mum, 4.2 cfs Sept. 11, 12 (gage height, 1.80 ft).
Period of record: Maximum discharge, 10,400 cfs Apr. 1ll, 1969 (gage height, 25.55 ft); no flow at times
in 1936.
REMARKS .--Records fair.

REVISIONS (WATER YEARS) .--WSP 1308: 1931(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 10 36 30 21 18 20 185 543 17¢ 145 15 849
2 11 38 29 21 18 20 170 548 177 130 13 8e1
3 14 42 29 21 18 20 145 537 183 116 12 Tel
4 27 49 28 21 18 20 130 495 181 106 12 Te5
5 35 59 28 21 18 29 150 437 165 98 10 649
[} 37 55 28 21 18 20 220 385 149 a9 9.3 5.9
7 40 53 27 21 18 19 310 338 134 81 9.1 6ol
8 41 51 27 20 18 19 430 299 145 73 847 509
9 44 56 27 20 18 19 580 271 141 66 %1 Se s
10 46 53 27 20 18 18 680 253 120 57 10 5eC
11 47 52 27 20 le 18 150 244 111 52 9.8 4.5
12 &7 48 27 19 18 18 770 235 105 43 9.6 446
13 44 44 27 19 18 18 690 226 108 &7 946 5.0
14 47 40 26 19 18 18 570 219 112 44 10 50
15 48 37 26 19 18 18 463 213 143 44 10- 5.9
16 45 35 26 19 18 18 387 215 308 41 10 Tel
17 42 34 26 19 18 18 335 216 624 37 i1 Re5
18 39 33 25 18 18 18 306 209 691 33 9.8 946
19 36 33 25 18 18 19 298 195 551 31 3.3 9e3
20 35 34 25 18 18 20 327 180 ©23 29 Rs5 12
21 35 35 24 18 19 22 493 171 3482 27 S5 26
22 30 35 24 18 19 25 594 162 361 24 7.9 16
23 28 34 23 18 19 30 542 156 339 23 7.7 18
24 30 34 23 18 19 40 497 153 304 22 7e3 14
25 30 35 22 18 19 70 474 153 265 21 6.9 lé
26 32 36 22 18 20 82 450 155 232 20 6.5 15
27 32 36 22 18 20 86 449 156 202 20 6+3 13
28 34 35 22 18 20 90 569 158 19¢ 19 Se% il
29 32 33 21 18 =mew—- 135 656 162 181 17 5.4 Seb
30 36 31 21 18 ercee- 180 565 162 162 16 Tt 33
31 38 eecee- 21 18 wee—w- 190 —————— 169  ====e== 17 Ted  ==c-e=-
TOTAL 19092 14217 785 593 515 1,328 13,185 8,915 72359 1,593 282.1 283.2
MEAN | 3502 4046 2543 191 18,4 42,8 440 259 245 514 10 3,44
FAX 48 56 30 21 20 190 770 548 €31 145 15 26
MIN 10 31 21 . 18 in 18 130 153 125 16 Set 4.5
AC-FT 2,170 2,410 14560 1,180 1,020 2,630 264150 15:90C 14,4600 3,160 550 562
~AL YR 1969 TOTAL 74,213.9 MEAN 203 MAX 9,890 MIN 641 AC~FT 147,200

WTR YR 1970 TOTAL 36,247.3 MEAN 99.3  MAX 170 MIN 4.5 AC-FT 71,920



54 RED RIVER OF THE NORTH BASIN .
05062500 Wild Rice River at Twin Valley, Minn.

LOCATION.--Lat 47°16'00", long 96°14'40", in NF% sec.27, T.l44 N., R.44 W., Normen County, on left bank 100 ft
upstream from highway bridge, 0.8 mile northeast of village of Twin Valley, and 2 miles upstream from small
tributary. . .

DRAINAGE AREA.--888 sq mi.

PERIOD OF RECORD.--June 1909 to September 1917, July 1930 to current year. Monthly discharge only for some
periods, published in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 1,008.16 ft above mean sea level, datum of 1929 (Coxps of Eng-
ineers bench mark). June 1909 to September 1917, nonrecording gage at site a quarter of a mile downstream at
different datum. July 23, 1930, to Nov. 24, 1934, nonrecording gage at highway bridge 100 ft downstream from
present site at present datum. Nov. 25, 1934, to Aug. 2, 1950, water-stage recorder 80 ft upstream from pre-
sent site at present datum.

AVERAGE DISCHARGE.--48 years, 167 cfs (121,000 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 1,740 cfs Apr. 30 (gage height, 7.97 £t); maximum gage hejght, 9.30
ft Apr. 8 (backwater from ice); minimum discharge, 11 cfs Sept. 13, 14; minimum gage height, 0.88 ft Sept. 14.
Period of record: Maximum discharge, 9,200 cfs July 22, 1909 (gage height, 20.0 ft, site and datum then
in use), from rating curve extended above 3,300 cfs; minimum, 0.5 cfs Nov. 4, 1939.

REMARKS.--Records good except those for winter months, which are fair. Flow slightly regulated by Rice Lake and
many other small lakes above station. Diurnal fluctuation caused by operation of mill at Faith, 17 miles
above station.

REVISIONS (WATER YEARS).--WSP 955: 1941, WSP 1308: 1915(M), 1917 (M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTODBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 30 152 130 18 57 52 64 14490 504 429 50 17
2 32 152 125 16 56 55 &4 15340 466 380 46 16
3 36 160 125 15 55 58 64 1,240 440 340 43 15
4 49 164 125 74 54 58 66 14150 403 312 41 14
5 54 163 125 73 54 58 87 1,070 379 288 39 14
6 69 161 123 73 54 58 160 996 382 266 35 12
k4 101 160 126 72 53 57 420 958 326 248 J2 17
8 106 164 126 70 52 56 14440 907 310 226 29 15
9 103 164 120 68 52 55 1,420 868 288 208 27 14
10 108 158 113 68 52. 54 1,320 834 276 192 25 12
11 133 160 110 68 52. 54 12140 795 2717 176 24 12
12 206 130 109 &7 52 54 938 767 276 163 26 12
13 204 110 107 67 52 54 848 732 278 149 . 28 - 11
14 192 86 105 66 52 54 a17 711 274 130 26 3}
15 185 64 104 66 52 54 838 722 388 121 25 13
l6 181 62 100 66 52 54 871 738 947 113 23 14
17 178 74 98 65 53 55 783 739 1,270 104 22 15
18 178 88 96 65 53 55 752 700 1,330 96 21 1s
ie i68 80 94 63 52 55 736 651 1330 90 ) 20 15
20 167 92 93 62 52 56 685 613 1:210 84 - 18 18
21 le2 120 92 62 52 56 695 588 1,060 7 18 28
22 171 150 90 62 52 57 737 566 922 T0 21 31
23 172 175 90 61 51 59 832 546 813 61 20 22
24 161 170 88 60 51 61 1,240 529 713 56 18 24
25 i52 165 86 60 51 64 1,530 524 635 52 18 22
26 159 155 85 59 50 65 1,410 499 630 50 17 28
27 156 148 84 59 50 66 1,330 478 573 49 16 25
28 141 140 82 58 50 67 19510 445 542 46 16 23
29 130 138 80 58  —mwe—— 66 14630 440 503 53 15 21
30 128 135 18 58 wemeu— 66 1,700 440 471 51 23 19
31 150 =————- 78 57  wm—e—— 65 - 477 ———t 60 20
TOTAL 49162 44040 3,187 2,036 1,468 1,798 264127 23,553 18,186 4,737 802 522
MEAN 134 135 103 65.7 52.4 58.0 871 760 606 153 2509 17.4
MAX 206 175 130 78 57 67 1,700 19490 1,33¢ 429 50 31
MIN 30 62 78 57 50 52 64 440 2714 46 15 11

AC-FT 84260 8,010 64320 %9040 2,910 34570 51+820 464720 36,070 94400 1,590 1,040

CAL YR 1969 TOTAL 84,062 MEAN 230 MAX 4,230 MIN 18 ACFT 166,700
WAT YR 1970 TOTAL 90,4618 MEAN 248 MAX 1,700 MIN 11 ACFT 179,700



RED RIVER OF THE NORTH BASIN 55
05064000 Wild Rice River at Hendrum, "Minn.

LOCATION.--Lat 47°16°'05", long 96°47'50", in SE% sec.19, T.144 N., R.48 W., Norman County, near center of span
on downstream side of highway bridge, 0.5 mile east of Hendrum and 4 miles upstream from mouth,

DRAINAGE AREA.--1,600 sq mi, approximately.
PERIOD OF RECORD.--March 1944 to current year.

GAGE.--Nonrecording gage and crest-stage gage. Datum of gage is 836.75 £é,abpve mean sea level, datum of 1929
(levels by Corps of Engineers). Co

AVERAGE DISCHARGE.--26 years, 238 cfs (172,400 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 3,940 cfs June 20 (gage height, 22.41 ft, backwater from Red River
of the North):; minimum observed, 11 cfs Sept. 19 (gage height, 1.88 ft). '
Period of record: Maximum discharge, 8,300 cfs Apr. 15, 1969 (gage height, 31.42 ft); no flow some days
in 1948-49. y

REMARKS.--Records fair. Large part of high flow diverted into Mars}JRiver basin at overflow section 3.5 miles
east of Ada. Another diversion into Marsh River basin, formed }xgrmiles southeast of Ada, diverted water at
all stages 1947-51, after which it was closed except for small regulated flow diverted at same point. Amount
of diversion not known.

REVISIONS (WATER YEARS) .--WSP 1728: 1958.

DISCHARGEy IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 197¢C

DAY cer NOV VEC JAN FEB MAR ' APR MAY JUN L AUG SEP
1 29 164 144 82 57 51 T4 - 2,380 1,570 S14 TC 25

2 36 170 14¢ 80 57 51 13 2,040 1,460 482 69 26

3 46 179 137 79 58 54 73 1,730 1,070 455 62 21

4 62 185 136 78 59 57 80 - 1,540 796 427 58 18

5 66 190 132 13 59 60 116 14440 638 392 56 18

6 90 195 131 75 58 60 200 19340 553 350 55 15

1 100 193 130 74 57 6C 400 14280 540 309 s1 22

8 113 188 126 73 50 58 80 1,210 53C 293 46 30

9 138 187 119 72 55 57 2,200 14160 481 215 42 26
10 144 190 118 71 55 57 - 2,880 1,110 45C 260 41 21
11 152 197 117 71 55 57 2,760 1,080 417 245 37 18
12 168 182 115 70 54 56 2,480 14060 388 236 37 22
13 220 176 12 70 54 56 1760 1,000 396 215 36 20
14 213 155 109 7¢C 53 56 1,290 962 391 204 35 19
15 2G4 138 108 69 53 56 1,07C 981 567 186 34 21
16 197 128 107 69 52 55 1,21C 1,030 1,340 169 33 19
17 193 125 105 69 52 55 1,170 ° 1,120 2,690 162 32 18
18 18C 135 103 68 51 55 1,030 1,040 3,540 152 32 16
19 197 155 100 o7 52 55 987 930 . 3,856 138 31 13
20 169 160 98 66 52 56 979 852 3,890 124 29 15
21 175 140 97 65 52 56 15100 792 34360 115 28 24
22 194 145 96 64 52 57 1,690 762 2,50C 107 29 35
23 192 165 9% 63 52 58 2,130 740 1,856C 101 29 32
24 194 192 92 62 52 58 2,180 705 1,330 9% 29 42
25 196 214 91 61 52 6C 2,360 681 1,070 89 28 42
26 188 200 93 61 51 62 2,550 673 916 80 25 29
27 177 188 90 60 51 65 2,460 671 880 79 24 26
28 170 170 88 59 51 68 2,090 620 859 78 22 29
29 164 158 87 59  mmm—-- 71 2,22¢ 630 738 76 21 29
30 159 150 86 58  mmemmme T3 2,480 641 642 73 19 22
31 159 ——-— as 57  mm——ee [ —— 1,000 —-——- 7 19 -——-
TOTAL 4,685 Se114 3,386 2,118 10512 1,824 424892 33,200 39,702 6,545 1,159 713
MEAN 151 170 109 68.3 54.0 58.8 12430 1,071 1,323 211 37.4 23.8
MAX 220 214 144 82 59 T4 2,880 2,380 3,890 514 70 42
MIN 29 125 85 57 51 51 73 620 388 n 19 13

AC-FT 92290 104140 65720 49200 3,000 3,620 85, 08C 65,850 7847506 12,980 2,300 1,410

CAL YR 1969 TOTAL 127,116 MEAN 248 MAX 84140 MIN 19 AC~FT 252,100
WTR YR 1970 TOTAL 142,850 MEAN 391 MAX 3,890 MIN 13 AC-FT 283,30¢C



56 RED RIVER OF THE NORTH BASIN
05064500 Red River of the North at Halstad, Minn.

LOCATION.--Lat 47°21'10", long 96°50'50", on line between secs.24 and 25, T.145 N., R.49 W., Traill County, on
left bank on upstream side of highway bridge, 0.5 mile west of Halstad, 2.5 miles downstream from Wild Rice
River, and at mile 375.2,

DRAINAGE AREA.--21,800 sq mi, approximately (includes 3,800 sq mi in closed basins).

PERIOD OF RECORD.--April 1936 to June 1937 (no winter records), April 1942 to September 1960 (spring and summer
months only), May 1961 to current year.

GAGE.--Water-stage recorder. Datum of gage is 826.65 ft above mean sea level. Prior to July 17, 1961, nonre-
cording gage at same site and datum.

AVERAGE DISCHARGE.--9 years, 1,901 cfs (1,377,000 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 11,600 cfs Apr. 10 (gage height, 22.36 ft, backwater from ice):
minimum, 113 cfs Sept. 16, 17 (gage height, 1.98 ft).
Period of record: Maximum discharge, 35,700 cfs Apr. 18, 1969 (gage height, 38.29 ft): minimum discharge
observed, 5.4 cfs Oct. 8, 9, 12-14, 1936.
Flood in 1897 reached a stage of about 38.5 ft.

REMARKS . --Records good.

REVISIONS (WATER YEARS).--WSP 1388:

1936, 1950.

WSP 1728:

Drainage area.

Some regulation by many controlled lakes and reservoirs on tributaries.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OAY ocT Nov DEC JAN FEB MAR APR MAY JUN JUuL AUG SEP
1 208 471 400 295 340 425 1,190 6,620 8,620 2,680 404 192

2 223 474 400 295 340 420 1,200 5,900 84540 29500 380 183

3 231 492 400 295 335 450 14240 5,200 7+580 24340 372 148

4 236 498 400 295 335 470 1,200 49620 64480 2180 370 126

5 246 501 380 295 333 520 10300 44230 54130 2,020 362 117

6 300 516 350 295 330 530 24000 34910 3,930 1,880 359 130

7 328 522 340 300 325 490 3,950 3,640 3,230 1,780 357 148

B 317 522 340 310 325 485 74640 3,390 24920 1,680 352 201

9 314 522 340 320 330 485 10,300 3,170 2,740 14560 326 201
10 341 525 340 325 33c 490 11,4400 3,060 2+540 1,430 269 169
11 344 528 340 330 335 495 10,600 24990 24310 1,310 224 157
12 358 510 340 340 340 500 9,040 24920 2,110 1,210 222 174
13 378 504 340 345 34C 510 72260 24810 1,980 1,150 339 160
14 423 456 330 350 340 515 5,910 2,710 1920 1,130 380 135
15 417 450 330 350 340 510 54040 24690 2,060 1,090 352 124
16 399 460 330 360 340 500 49640 2,770 3,980 1,030 319 117
17 387 460 320 370 345 490 4,480 2,890 7+380 974 292 115
i8 384 470 32~ 365 350 500 4,100 24840 8,880 917 261 126
19 372 465 320 365 3715 510 3,650 2,710 9,400 841 241 132
20 369 460 320 360 390 520 34350 2,540 9+360 190 213 126
21 399 465 320 360 410 530 3,730 2,430 84960 147 208 132
22 441 460 320 360 410 535 64280 2,370 7+800 690 203 180
23 459 460 320 355 415 540 84690 24300 64260 599 196 407
24 468 460 320 355 415 570 94560 24250 5,000 540 196 342
25 489 450 315 355 420 580 9,530 2,210 49320 534 185 286
26 504 430 310 350 620 9,000 24210 3,910 546 167 267
27 495 420 305 350 690 84120 24240 3,680 546 153 233
28 486 420 300 350 780 1,170 24270 3,460 531 148 208
29 4B6 410 300 350 940 6,770 3,240 3,130 516 146 185
30 486 405 30C 350 1,100 64990 44800 24870 486 137 167
31 4177 = 295 340 1,130 -=-—=—- 6,370 —————— 440 141 ————
TOTAL 11,765 144186 10,385 104435 10,158 17,830 1754330 104,300 150,480 364667 8,280 5+388
MEAN ge 473 335 337 363 575 59844 34365 5,016 1,183 267 180
MAX 504 528 400 370 425 1,130 11,400 64620 9,400 24680 404 407
MIN 208 405 295 295 325 420 1,190 2,210 1:920 440 137 115
AC-FT 23,3640 28,140 20,600 20,700 2C,150 35,370 347,800 206,900 298,500 12,730 164420 10,690

Cal YR 1969 " TOTAL 1+059,876 MEAN 2,904 MAX 35,6C) MIN 178 AC-FT 2,102,000
WIR YR 197¢ TOTAL 5554204 MEAN 1,521 MAX 11,400 MIN 116 AC-FT 1,101,000



RED RIVER OF THE NORTH BASIN 57
05067500 Marsh River near Shelly, Minn.

LOCATION.--Lat 47°24'45", long 96°45'50", in NEMNWY sec.3, T.145 N., R.48 W., Norman County, near center of span
on downstream truss of bridge, 3.8 miles southeast of Shelly and 10 miles upstream from mouth.

DRAINAGE AREA.--151 sq mi.

PERIOD OF RECORD.--March 1944 to current year. Monthly discharge only for March 1944, published in WSP 1308.

GAGE.--Nonrecording gage read once or twice daily and crest-stage gage. Datum of gage is 841.14 ft above mean
sea level, datum of 1929 (levels by Corps of Engineers). Prior to Oct. 1, 1965, nonrecording gage at datum
3.0 £t higher.

AVERAGE DISCHARGE.--26 years, 78.2 cfs (56,700 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 1,320 cfs Apr. 9 (gage height, 13.38 ft); no flow Aug. 9 to Sept. 6.

Sept. 17-30.
Period of records Maximum discharge, 4,660 cfs May 11, 1950 (gage height, 21.96 ft, from floodmark,
present datum); no flow for meany days most years. 2.7

REMARKS.--Records fair. Large part of high flow of Wild Rice River diverted into rsh River basin at overflow
section 3.5 miles east of Ada. Another diversion from Wild Rice River, formed lessoutheast of Ada)supple-
mented flow at all stages 1947-51, after which it was closed except for small regulated flow diverted at same
point for abatement of pollution from Ada sewage plant effluent.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

oAy ocY NOv DEC JAN FEB MAR APR MAY JUN JUuL AUG SEF
1 1e2 3.0 le2 «30 «10 «20 26 156 92 12 «20 ]
2 ~ lel 3.3 le3 «30 10 «20 28 114 1] 9.0 «20 0
3 Le5 3.3 le4 30 «10 «20 3,5 83 89 Te5 «20 (]
4 1.9 3eb le3 30 10 «20 7.0 65 61 603 «20 0
] 24 3.4 1.0 «20 10 «20 20 57 44 5e5 «20 ]
] 242 304 1.0 «20 el0 «20 60 48 33 4.5 «20 0
7 3eb 3.0 1.0 «20 «10 «20 230 42 27 3.7 «1l0 »30
8 440 209 «90 «20 «10 «20 900 36 23 3.1 «10 «90
9 45 Tel «90 «20 .10 «20 1,280 34 20 2.0 (/] lel
10 6ol 53 « 80 «20 «10 «20 926 36 18 1.8 [} «70
11 5.5 4e6 «80 10 «10 «20 587 39 16 1.5 0o «40
12 405 3.8 «80 «10 «10 «20 373 43 14 1.0 0 «20
13 5.0 1e6 «80 10 10 «20 205 42 12 1e2 L] «20
14 45 } 7Y «80 10 «10 20 134 47 11 247 ] «10
15 4e2 1.3 «80 «10 «10 «20 103 56 13 2.0 (4] 10
16 3.8 1e2 «T0 «10 «10 «20 202 123 46 1.9 o «l0
17 3,6 1e2 «T0 «10 10 «30 181 134 471 1.6 ] ]
18 249 1e2 «70 «10 10 «50 159 108 823 1.0 0 /]
19 242 1e2 «70 «20 10 2.1 114 80 699 «60 Q 0
20 2,1 T lel «70 «20 «10 3.0 102 59 468 «50 o 0
21 2.1 1.0 «T70 «20 «10 345 212 44 332 «40 [} ]
22 1e7 1.0 «60 «20 «10 440 814 39 240 «30 0 0
23 le4 1.0 «60 «20 «40 43 1,020 33 180 «20 0 [}
24 1.3 1ol 50 «20 «60 heb 803 31 110 «10 0 0
25 1.3 leb «50 «20 «50 4.0 570 29 61 20 [} [+]
26 1e6 le# «50 «20 «40 33 434 28 37 «30 ] /]
27 le4 13 «50 20 «30 2.8 295 25 34 20 [} 1]
28 1.5 | 5% ] «40 «20 «30 246 247 33 28 «20 2 [}
2% 243 1e2 40 «10 hastnteanad 245 280 42 21 «40 0 ]
30 3.3 lel 40 «10 —————- 245 244 35 17 «40 [\] ]
3t 3.5 ——oc=- «40 10 ——ecce 2e5 ——— 57 ————— «20 ] ———
TOTAL 88, 2 68, 7 23,80 5,50 4470 45.70 10451069 1,798 4+128 72430 1le 40 4.10
MEAN 2485 229 o717 el18 «17 1447 350 5840 138 2433 « 043 olé
MAX 6ol Tel 1e4 «30 «60 4e 6 1,280 156 823 12 «20 1ol
MIN lel 1.0 «40 «10 10 «20 2.6 25 11 «l0 [} ]
AC~FT 175 136 47 131 93 91 20,850 3,570 84190 143 2.8 8.1

CAL YR 1969 TOTAL 21,645.50 MEAN 5943 MAX 3,800 MIN O AC-FT 42,930
WTR YR 1970 TOTAL 164751430 MEAN 45,9 MAX 1,280 MIN O AC~-FT 33,230



58 RED RIVER OF THE NORTH BASIN
05069000 Sandhill River at Climax, Minn,

LOCATION.--Lat 47°36'43", long 96°48'52", in NEMNE% sec.30, T.148 N., R.48 W., Polk County, near center of span
on downstream side of bridge on U.S. Highway 75 in Climax and 3.7 miles upstream from mouth.

PERIOD OF RECORD.--March 1943 to current year (winter records incomplete in some years). Monthly discharge only
for some periods, published in WSP 1308. .

GAGE.--Nonrecording gage and crest-stage gage. Datum of gage is 820.10 £t above mean sea level, datum of 1929
(levels by Corps of Engineers). Prior to Oct. 1, 1966, nonrecording gage at site 3.2 miles upstream at datum
12.78 £t higher.

AVERAGE DISCHARGE.--24 years (1946-70), 66.6 cfs (48,250 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 1,980 cfs Apr. 16 (gage height, 13.64 ft); minimum, 9.1 cfs Sept.
4, 5, 6 (gage height, 4.89 ft).

Period of record: Maximum discharge, 4,560 cfs Apr. 14, 1965 (gage height, 17.8l1 ft, site and datum then
in use) ; maximum gage height, 28.32 ft Apr. 17, 1969 (from floodmark, backwater from Red River of the North):
minimum discharge not determined.

REMARKS.--Records good except those for winter months, which are fair.

REVISIONS (WATER YEARS) .--WSP 1388: 1943(M), 1944, 1947(M). WSP 1728: 1951(M), 1960 (Average discharge) .

DISCHARGE, IN CUBIC FEET PER SECCND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

oAy cCcT NOV DEC JAN FEB MAR APR MAY JUN Jui AUG SEP
1 30 26 18 16 16 12 14 525 %66 80 22 19
2 30 23 19 le 13 12 16 438 335 66 20 96
3 kD] 25 19 13 11 12 18 361 224 62 19 £ )
4 29 24 19 13 11 11 19 351 177 56 2¢ e L
5 28 24 18 13 11 11 21 320 147 53 21 el
6 28 24 18 13 11 11 24 280 128 50 21 91
7 28 25 18 13 11 11 90 254 110 48 21 96
e 28 26 18 13 10 11 550 239 99 464 21 22
S 30 26 17 13 10 11 880 221 89 43 20 15
10 30 25 17 13 1C 11 1,030 214 81 40 20 15
11 30 23 17 13 1C 11 1,300 214 14 38 19 15
12 32 24 17 13 10 11 14220 208 71 38 18 14
12 32 19 17 13 1C 11 14150 200 65 38 18 13
14 33 16 17 12 10 11 1,330 221 62 36 16 12
15 34 15 17 12 1¢ 12 1y 440 315 70 35 14 14
16 35 17 17 12 1¢ 12 1,820 348 137 34 14 16
17 35 18 16 12 11 13 15370 255 426 31 14 16
18 34 17 16 12 11 13 879 228 302 30 15 15
1S 33 16 16 12 11 14 593 201 264 29 15 16
29 33 15 16 12 11 15 555 189 239 28 14 16
21 33 15 16 12 11 15 19130 176 208 31 14 14
22 31 16 15 13 12 16 1,770 168 183 29 15 14.
23 30 17 15 13 12 16 15240 161 173 29 25 12
24 31 17 15 13 12 16 765 155 147 26 20 12
25 30 16 14 13 12 15 548 148 . 130 26 14 14
2¢é 29 16 14 13 12 14 421 142 134 24 13 15
27 29 16 14 14 12 14 431 135 124 23 13 15
28 28 16 14 14 12 13 592 128 105 23 11 13
25 28 17 16 14  ====— 13 707 243 102 24 11 13
3 27 18 14 16  —=—o=- 13 617 239 88 26 11 12
31 27 —————— 14 14 weo=ea 13 ==e-- - 201 —————— 23 12 —==ee-
TATAL 945 592 5C6 402 311 394 224540 T:478 45960 1,163 521 3991
MEAN 30.5 19.7 1643 13.0 1le 1 12.7 151 241 165 37.5 1648 13.3
MAX 35 26 19 1¢ 14 16 1,820 525 466 80 25 22
MIN 27 15 14 12 10 11 14 128 62 23 11 9% 1
AC-FT 1,879 1,170 1,00C 197 617 182 44,710 14,830 9+840 24310 1,030 192

CAL YR 1969 TOTAL 32,693.7 VEAN 8946 MAX 3,850 MIN 445 AC-FT 64,850
WTR YR 1970 TOTAL 4N49211.1 MEAN 110 PAX 1,820 MIN 9ol AC-FT 79,760
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05074000 Lower Ree{ Lake near Red Lake, Minn.

LOCATION.--Lat 47°57'27", long 95°16'34", in Nwj sec.28, T.152 N., R.36 W., Clearwater County, on left bank just
upstream from dam at outlet, 13 miles northwest of village of Red Lake.

DRAINAGE AREA.--1,950 sq mi, approximately.

PERIOD OF RECORD.--June 1930 to November 1932 (published as Red Lake at Redby), May 1933 to current year (pub-
lished as Red Lake near Red Lake 1933-40); records on Upper Red Lake published as Red Lake at Waskish, April
1930 to September 1933, all in reports of Geological Survey. October 1921 to September 1929 gage heights at
Redby and on Upper Red Lake at Waskish in files of Minnesota Department of Conservation (fragmentary).

GAGE.--Water-stage recorder. Datum of gage is 1,169.00 ft above mean sea level, adjustment of 1912 -(levzlels by
Corps of Engineers). May 1933 to Sept. 6, 1934, nonrecording gage at same site and datum. Nonrecording
gages at Waskish and Redby at datum 69.00 ft lower.

EXTREMES.--Current year: Maximum gage height, 6.64 ft June 10 (affected by wind action); maximum daily, 6.47 ft
June 12; minimum, 3.47 £t Nov. 19; minimum daily, 4.06 ft Nov. 19.
Period of record: Maximum gage height, 9.53 ft June 25, 1950; minimum recorded, 0.80 ft Nov. 20, 1936.
REMARKS.--Water level subject to fluctuation caused by change in direction and velocity of wind and by seiches.

MONTHEND GAGE HEIGHT, IN FEET, OCTOBER 1969 TO SEPTEMBER 1970

Oct. 31 .oveencnene.e 5.42 Feb. 28 ...uieeeeen.s 5.07 June 30 ....veeee... 6.22
NOoV. 20 seevvvonsoss 4.82 Mar. 31 ciceeneese.. 4.98 July 31 secvevvevess 5.54
Dec. 31 ..ceeenscess 5.32 Apr. 30 .....c0000.0 5.75 Aug. 31 .ceiienenoss 5.19
Jan. 16 cccevecsceees 5.24 May 31 ..cieecccass 6.25 Sept.30 .cvvveeer... 4,78

NOTE.--Mean daily gage heights are available.
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05074500 Red Lake River near Red Lake, Minn.

LOCATION.--Lat 47°57'27", long 95°16'35", in Nwk sec.28, T.152 N., R.36 W., Clearwater County, on left bank 50 ft
downstream from dam at outlet of lower Red Lake and 13 miles northwest of village of Red Lake.

DRAINAGE AREA.--1,950 sq mi, approximately.

PERIOD OF RECORD.--May 1933 to current year. Monthly discharge only for May 1933, published in WSP 1308.

GAGE.~-Water-stage recorder. Datum of gage is 1,167.00 ft above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). Prior to Sept. 7, 1934, nonrecording gage at site 50 £t upstream at datum 2.00 £t higher.
Sept. 7, 1934, to Nov. 26, 1951, water-stage recorder at present site at datum 2.00 £t higher.

AVERAGE DISCHARGE.--37 years, 453 cfs (328,200 acre-ft per year).

EXTREMES.--Current year: Maximum daily discharge, 1,190 cfs Oct. 20, 21; maximum gage height, 7.02 ft July 31,
Aug. 3 (affected by backwater from aquatic vegetation); minimum discharge, 141 cfs Apr. 19 (gage height, 1.74
fr).

Period of record: Maximum discharge, 3,600 cfs June 25, 1950 (gage height, 11.19 ft, affected by seiches
and backwater from aquatic vegetation, present datum), from rating curve extended above 1,400 cfs; no flow at
times. :

REMARKS.--Records fair. Flow completely regulated by outlet dam on Lower Red Lake.

REVISIONS (WATER YEARS).--WSP 1308: 1934(M), 1943(M). WSP 1438: 1950(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OAY cer NOV DEC JAN FER MAR APR MAY JUN JuL AUG SEP
1 1.02¢C 1¢140 1+0¢0 889 900 800 680 254 9886 1,080 833 796

2 1:030 1e130 1,030 870 S50 790 658 243 s72 L+,070 867 841

3 1040 1e130 968 890 95¢ 820 676 258 $80 1.:04C 878 341

4 1,970 1,12¢C 942 9€2 93¢0 820 662 390 1,000 1,020 B74 852

5 1+110 l1ell0 923 920 S05 820 658 159 996 999 800 8589

] 1100 1,100 908 920 884 810 666 848 999 988 637 856

7 1e110 1+100 889 915 86C 805 488 942 596 984 592 911

8 1.100 1,100 8e9 914 840 840 249 938 999 972 64C 923

s 1¢100 1,100 885 Si3 83¢C 820 200 938 596 568 182 923
17 L1140 LellO 878 905 82¢ 815 164 965 1,000 961 808 85¢
11 19140 1e120 134 900 829 815 167 565 1,020 953 822 785
12 Lel40 1,120 852 895 82¢ 825 167 976 1,020 934 822 167
13 1+159 1,11C 863 890 820 840 167 980 1,040 923 826 759
14 1,150 1,100 856 880 85¢ 859 175 Q99 1,050 908 82¢ 167
15 10160 1080 856 880 840 878 175 14042 1,060 893 796 778
16 1,180 1,080 867 889 830 889 193 1,079 1,010 856 196 778
17 1,182 1,072 8438 909 820 848 194 1090 804 844 804 778
18 1,180 14060 848 205 8ep 822 180 1+090 767 844 78S 785
19 1,180 1:06C ess §25 89¢ 804 157 1030 844 826 785 796
29 1¢190 1,070 889 940 900 808 175 1,020 Q99 789 774 ad4
21 1 190 1. 080 878 945 87C 796 184 14220 1¢040 T67 778 810
22 1,182 1e100 911 935 860 80o 180 999 1,07¢C 745 T8 782
23 1+ 160 Le 140 872 929 840 898 198 999 1,100 127 114 819
24 1,162 1le 182 934 910 83¢ 793 203 996 1,140 702 770 833
25 14170 lel7C 957 900 87C 808 225 1,109 1.140 709 159 837
26 14180 1+180 930 86C 860 815 227 1050 1,180 723 759 344
27 1+ 160 1. 180 842 880 840 988 221 988 1,159 730 765 852
28 1o 149 1,160 923 890 805 882 220 1,010 1,140 738 741 856
29 1¢140 1,130 908 910 ——=-——- 800 243 1,020 1¢120 738 T48 856
30 1,13) 1,10¢C S15 899 ,=-e—- 770 272 1.020 1.110 782 7%6 867
31 1913 ——meee 809 880 ememe—- 680 —————— 999 ———e—— 833 767  ow=—=-
TQTAL 354210 33,410 28 147 27,991 244094 25,468 9¢ 024 274996 30.730Q 27,046 244128 264,758
MEAN 1s13¢ lylls 508 9C3 861 822 391 903 1,024 872 78 827
MAX 1,190 1,180 1+267 345 9510 88 680 1,100 1,180 1.080 878 923
MIN 1,02¢ 1,050 848 870 80s 680 157 243 167 - 702 562 759

AC-FT 69,840 664270 55,83C 555 52¢C 47,75¢C 504520 17.9008 55,530 60,950 53,650 47860 494190

CAL YR 1966 TOTAL 359,833 MEAN 633 MAX 1,200 MIN 124 AC-FT 711700
WTR YR 1970 TOTAL 318,043 MEAN 871 MAX 1,19C MIN 157 AC~FT ¢30,800
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05075000 Red Lake River at High Landing, near Goodridge, Minn.

LOCATION.--Lat 48°02'34", long 95°48'28", on line between secs. 28 and 29, T.153 N., R.40 w., Penningtoq County,
on left bank 50 £t upstream from highway bridge at High Landing, 7 miles south of Goodridge and 33 miles up-
stream from Thief River.

DRAINAGE AREA.--2,300 sq mi, approximately.

PERIOD OF RECORD.--September 1929 to current year., Prior to October 1930, published as "at Kratka®.

GAGE.~-Water-stage recorder. Datum of gage is 1,141.57 £t above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). See WSP 1308 or 1738 for history of changes prior to Oct. 1, 1949.

AVERAGE DISCHARGE.--41 years, 486 cfs (352,100 acre-ft per year). |
EXTREMES.--Current year: Maximum discharge, about 2,120 cfs June 16 (gage height, about 9.90 ft); minimum, 395
cfs Apr. 9 (gage height, 3.67 ft). .
Period of record: Maximum discharge, 3,720 cfs May 11, 1950 (gage height, 13.42 £t); no flow during in-
frequent periods in 1931-34, 1936-37.

REMARKS . --Records good except those for period of no gage~height record and those for winter months, which are
fair. Flow regulated by outlet dam on Lower Red Lake.

DISCHARGE, IN CUBIC FEET PER SECCND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

CAY ccT NOv DOEC JAN FEE MAR APR MAY JUN Jut AUC SEP
1 1,280 1,260 1,080 980 92¢C 900 905 1,070 1,350 1,150 747 945

2 1,280 1,260 1,100 $7C 960 ess 885 992 1,320 1,110 770 s51

3 14290 1,260 1,08C 9€0 L7114 890 8¢0 920 1,310 1,070 794 966

4 1,310 1,250 1,04C 95¢ 940 890 88C 864 1,280 1207C 824 994

5 14250 1,240 1,000 54C 92¢ %0 905 1,010 1,260 12060 845 1,020

€ 1,380 1¢23C 9s0 940 92C 890 900 1,260 1,250 1,050 851 14040
-7 1»3€0 1,220 9ec $4C s2¢C $05 780 1,290 1,230 1,020 813 1.08€C
e 1,330 1,210 98¢ 946G 910 910 640 1,360 1,220 1,000 752 1,153

¢ 1,320 1,200 S7¢ $50 905 920 424 1,420 1,200 989 €SS 1.17C
10 1,33C 1,202 97C 9¢C 9Co 915 448 1,420 1,210 968 67S 1,17C
11 1,3¢0 l.18C S7C s$70C 900 905 446 1,420 1,240 960 711 14160
12 14350 1,170 9¢C $75 905 900 564 1,420 10240 943 752 1,12C
12 1+35C 1,100 920 S$75 91¢ 855 63C 14390 1,24C 926 782 1,060
14 1,340 $30 9cC 970 920 900 710 1+390 1,230 906 805 1,022
15 1,320 710 920 S7C 92¢ S¢S e2c 1,460 1,220 903 eL¢ 1201C
1€ 1,22C 88C 95C 96C 915 910 84C 1,560 1,600 873 835 997
17 1,310 5¢0 S70 $50 91icC S15 835 1,530 1,940 835 840 986
- 18 1,310 1,01C 970 - 959 91¢ S15 ElC 1,460 1,510 821 843 374
16 10 20C 105G Sé€cC 9¢€0 S15 900 797 1,420 1,210 840 845 963
2C 1,300 1,100 §5¢C s7C s2¢C eel 6C1 1,400 1,130 840 845 954
21 1,21C 1,15C s$17C $8C 91C 865 5517 1,380 1,150 818 £4s 951
22 1+300C 1,190 9¢€C $80 91¢ 860 589 1,370 1,130 797 884 $43
23 1,303C 14200 1119 970 915 860 692 1+350 1,110 781 SCé 926
24 1429C 1s1SC 1.02¢C SeC 92C 860 1,200 14340 1,080 768 9Ce S2é
: 1,28y 14156 1,050 94C 9cCC 865 1065C 1,310 1,100 747 901 934
2¢ 1,26C 1,10C 1,C5C s2¢ 520 87c 1.48C 1,300 1,180 T44 865 943
27 14270 1,070 1,630 920 S3¢ 8ec 1,28C 10320 14210 T42 ess 943
re] 14260 1,050 1,010 920 s2¢ 900 1y 260 12330 1,210 739 sC1 943
26 1s26v 1+C40 1,00¢ s2¢ —————— 94y 1,270 1,350 1,180 739 912 $43
-3¢ 19260 1,05C $sC 920 —————— S50 1,150 1+350 1,170 739 926 945
21 1,26C —————— S8C 915 —————— 960 —————- 1¢340 —————— 731 $37 ————
TCTAL 4Cy570 33,670 30,7C0 294525 25,705 27,840 25,848 40,756 37,710 27,675 25,759 30,127
MEAN 1309 tel22 s¢C 552 918 8se 862 1,316 1,257 893 e3l 1,004
rpax le380L Le 280 1,1C3 sec GG S&0 1»6SC 1560 19940 1,150 $37 1,17C
MIN 15260 v 900 915 90C 860 424 864 1,080 731 €7 326

AC-FT 8Cy47C 66,78C 6C.850 584,5¢€C 5Ce55C 55,220 51.270 86,920 74,800 54,900 51,06C €6, 76C

CAL Yk 1966 TCLTAL 414,272 MEAN 1,135 MAX 2,2CC MIN 725 AC-FT 821,7C0
WTR YR 197C TJTAL 375,52§ MEAN 1,030 MAX 1,940 MIN 424 AC~FT 745,700

NOTE.--No gage-height record June 16, 17.
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05076000 Thief River near Thief River Falls, Minn.

LOCATION.--Lat 48°11'08", long 96°10'11", in NW4SW4 sec.3, T.154 N., R.43 W,, Marshall County, on right bank 0.2
mile upstream from highway bridge, 5 miles north of city of Thief River Falls, 7 miles upstream from mouth,
and 9 miles downstream from Mud Lake National Wild Life Refuge.

DRAINAGE AREA.-~-959 sq mi.

PERIOD OF RECORD,.--July 1909 to September 1917, April 1920 to September 1921, October 1922 to September 1924,
October 1928 to current year. Monthly discharge only for some periods, annual maximums for water years 1919,
1922, 1925, 1926, published in WSP 1308,

GAGE.--Water-stage recorder and control of grouted boulders. Datum of gage is 1,112.33 ft above mean sea level,
datum of 1929 (levels by Minnesota Highway Department). Prior to May 4, 1939, nonrecording gages at same
site and datum.

AVERAGE DISCHARGE.--53 years, 154 cfs (111,600 acre-ft per year).

EXTREMES,.--Current year: Maximum discharge, 2,820 cfs June 17 (gage height, 12.72 ft); no flow Jan. 13 to
Apr. 8..

Period of record: Maximum discharge, 5,610 cfs May 13, 1950 (gage height, 17.38 €t); no flow at times in
some years.

REMARKS.--Records good except those for winter periods, which are fair. Some regulation by Thief and Mud Lakes.

REVISIOb(IS (WATER YEARS).--WSP 925: Drainage area. WSP 1308: 1917(M), 1924(M), 1929(M), 1931-33(M), 1935(M),
1937(M) .

DISCHARGEs IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocrt NOV DEC JAN FEB MAR APR MAY JUN Jut AUG SEP

1 .68 504 ‘045 .19 o 770 1,200 1,460 5.6 445

2 L8l 4T2 .42 .19 0 320 1,120 1,390 4o7 3.5

3 1.0 377 o4l .19 0 762 993 1,330 3.7 3.7

4 3.9 209 .36 18 0 683 919 1,300 2.8 3.3

5 2.5 201 o34 o7 0 623 871 14260 2.8 2.5

6 1.9 154 .40 .17 0 596 B3l 1,190 2.4 2.1

7 1.9 132 «51 o164 0 563 800 1,000 2,4 4.7

8 2.8 29 .58 .13 0 572 769 937 2u4 5.9

9 3.0 65 .62 .10 o2 700 540 882 2.4 5.2
10 2.9 54 35 «10 1.0 818 447 556 2.4 4.5

1 4.0 33 56 .10 30 848 564 39 1.9 3.0
12 4.9 22 51 .10 80 851 658 136 1.7 2.0
13 4e8 l6 50 0 190 823 888 95 1.7 1.7
14 40l .11 51 ¢ 460 723 822 87 1.6 7.0
15 449 9.0 .51 0 600 825 806 84 1.4 8.9
16 5.5 7.0 «50 0 1,100 1,020 1,330 95 le4 5.6
17 5.2 5.6 «50 0 1,450 983 2,700 S0 1.1 4e3
18 5.3 4a5 «51 0 1,600 723 24760 35 1.6 3.6
19 5.1 3.5 «50 0 1,500 625 2,560 31 2.0 2.8
20 4ot 1.2 .43 0 1,360 574 2,400 26 1.5 2.5
21 4.5 .64 32 0 661 592 2,340 22 2.3 2.0
22 162 o%b .26 0 496 816 2,200 19 4.6 1.8
23 349 a6l .21 0 133 834 1,900 16 4l 1.9
24 380 49 .21 0 1,300 815 1,720 24 2.3 2.2
25 483 «54 .2l o 1,710 814 1,600 17 2.3 4a9
26 507 .52 .21 0 1,600 847 1,550 13 1.6 6.2
27 471 .48 .22 0 1,300 167 1,540 11 1.8 4ot
28 624 40 .21 0 1,210 741 1,480 9.0 1.6 3.8
29 633 .36 «20 0 —— 1,240 1,070 1,460 9.3 2.0 4ot
30 618 .43 «20 0 —— 1,040 1,110 1,480 7.7 Te4 47
31 558 ——— «20 0 ——— ———— 1,010 ===--m 6e9 608  mmmmmm
TOTAL 45859.29 2,373.53 12.16 1.76 o 0 19466142 24,318 41,248 12,540.9 8443 118.0
MEAN 157 79.1 .39 <057 0 0 655 784 1,375 405 2.72 3,93
MAX 633 504 .62 19 0 0 1,710 1,110 2,760 14460 Tod 8.9
MIN .68 «36 «20 0 0 0 0 563 447 649 1.1 1.7
AC-FT 9,640 4,710 24 3.5 0 0 39,000 48,230 81,820 24,870 167 234

CAL YR 1969 TOTAL 100,833,61 MEAN 276 MAX 3,170 MIN ol4 ACFT 200,000
WAT YR 1970 TOTAL 105,217.14 MEAN 288 MAX 2,760 MIN 0 ACFT 208,700



RED RIVER OF THE NORTH BASIN 63

05077700 Ruffy Brook near Gonvick, Minn.

LOCATION.--Lat 47°44'50", long 95°24'45", on line between secs. 5 and 8, T.149 N., R.37 W., Clearwater County,
on downstream side of bridge on County Highway 17, 4 miles upstream from mouth, and 4.8 mvles east of Gonvick.

DRAINAGE AREA.--45.2 sq mi.

PERIOD OF RECORD.--April 1960 to current year. Monthly and daily figures for Apr. 1, 1960, to June 30, 1960,
published in WSP 1913.

GAGE .~~Nonrecordi gage read once daily and crest-stage gage. Datum of gage is 1,227.93 ft above mean sea
level, adjustn:ngt of 1912 (levels by Corps of Engineers). Prior to Sept. 9, 1960, reference point at same

site and datum.

-

AVERAGE DISCHARGE.--10 years, 14.7 cfs (10,650 acre-ft per year).

EXTREMES.-~Current year: Maximum discharge, 279 cfs Apr. 29 (gage height, 5.28 ft); maximum gage height, 5.42 ft
Apr. 8 (from floodmark, backwater from ice):; minimum discharge, 0.7 cfs Aug. 27, 28. .
Period of record: Maximum discharge, 453 cfs Mar. 30, 1967 (gage height, 6.35 £t, from graph based on gage
readings) ; maximum gage height, 6.62 £t Apr. 9, 1969 (from graph based on gage readings, backwater from ice):

no flow Feb. 20 to Mar. 6, 1968.
REMARKS.~--Records good except those for winter months, which are fair. .

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY oCcT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEp
1 5.2 20 6.0 Sel 4.1 4e6 5.2 117 15 9.3 1.6 let
2 Ses 20 5.9 Se1 4e1 4e 6 5.2 96 13 8.5 1.2 let
3 5.0 20 5.9 Sel 4o 4.5 Sel 83 12 Teb «80 1.2
4 7.6 20 6.0 5.0 4.0 %5 Se1 T 8.8 Tet 1.0 1.2
H 16 18 6.1 5.0 4«0 %S 5.2 62 R.2 Tl 1.2 1.2
6 14 16 6.2 5.0 3.9 b S5e2 53 8.2 6e6 1.2 «80
7 946 14 63 49 3.8 4e3 5.4 47 Te1 5¢9 1.2 3.9
8 9e6 13 64 4.9 3.8 4.3 25 40 6.6 5.9 1.2 2.2
9 8.5 12 6.6 4.8 3.8 &2 75 34 6.2 S50 le4 1.8
10 34 1 6.4 4e8 3.7 4e2 120 30 9.6 4e8 1.2 1.4
11 32 10 63 4e8 3.7 402 130 26 11 4.1 1.2 l.%
12 23 9.2 6e2 4e8 3.7 4e2 118 26 13 3.9 «80 let
13 18 8.0 6.2 4.8 3.7 4.2 112 24 49 34 1.0 14
16 16 Te0 6ol 4.7 3.7 4e3 lo8 24 47 3.0 1.2 1.2
15 15 6.4 6.0 47 3.6 4e3 104 60 47 5.0 2.2 2.0
16 13 5.9 5.9 Geb 3.6 44 100 52 60 3.7 le8 1.8
17 12 5«7 5.8 4e6 3.6 Ge4 90 44 63 3.0 loé le4
18 1 S.6 5.8 4e5 346 4eS 75 37 57 3.2 1.2 le6
19 9.6 S5e7 57 4.5 3.6 4.6 59 32 54 3.7 1.8 1.4
20 9.0 6.2 Se 6 4ol 36 4e6 66 31 53 3.0 l.6 1.0
21 8.8 6e6 5.5 4e3 4e3 4e7 73 24 42 2.0 le4 le4
22 8.2 6.8 S5e4 4.3 8.0 4.8 77 22 32 2% 4e3 1.6
23 8.8 Tel Seé %e3 7.0 5«0 15 19 27 2.0 2.4 le4
24 845 Te2 Set 4e3 6.2 S5l 101 18 22 1.8 1.8 lo4
25 9.3 7.2 Se3 42 5.5 5.2 155 19 18 1.6 1.4 1.8
26 11 Tal 5.3 4e2 Sel 5.3 140 20 23 70 1.0 1.6
27 9.6 6.8 5.3 4e2 48 Seé 126 18 19 1.6 «70 l.6
28 9.0 6e5 542 42 47 S 201 16 16 1,6 «70 1.6
29 %9 6.2 Se2 4ol ————— 53 246 18 12 1.8 1.2 1.6
30 12 6.0 502 4el —————— 5.3 162 16 10 1.6 l.2 l.6
31 15 ————— Sel 4ol —m———— 502 mmmmm- 15 m—n——— leb le4 —————
TOTAL 383.6 301.2 179.5 142.4 121.3 144.5 2457444 1.19 T769.7 122.80 43,70 46.70
MEAN 1244 10.0 5.79 4459 433 4e 66 85.8 38.5 25.7 3.96 le4l 1.56
MAX 34 20 6.4 5.1 8,0 S.4 246 117 63 9.3 43 3.9
MIN 5.0 5.6 5.1 4ol 346 LY Se1 15 602 « 70 70 «80
AC~-FT 761 597 356 282 241 287 5,110 24370 1,530 244 87 o3

CAL YR 1969 TOTAL 5,4231.90 MEAN 14,3  MAX 205 MIN .70 ACFT 10,380
WAT YR 1970 TOTAL 6,023,80 MEAN 16.5 MAX 246 MIN .70 ACFT 11,950

PEAK DISCHARGE (BASE, 65 CFS)
DATE TIME G. H. DISCHARGE DATE TIME Ge He DISCHARGE

4-11 0600 5.00 139 6-16 2200 2.53 67
4-29 0300 5.28 279
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05078000 Clearwater River at Plummer, Minn.

LOCATION.--Lat 47°55'24", long 96°02'46", in SE%SWx sec.4, T.151 N., R.42 W., Red Lake County, on right bank 200
£t downstream from Soo Line Railroad bridge, 300 ft downstream from bridge on U. S. Highway 59, 0.9 mile

northwest of railroad depot in Plummer, and 8 miles upstream from Hill River.

DRAINAGE AREA.--512 sq mi.

PERIOD OF RECORD.--April 1939 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,099.12 ft above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). Prior to Nov. 10, 1939, nonrecording gage at site 100 ft upstream at same datum. )

AVERAGE DISCHARGE.--31 years, 177 cfs (128,200 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 2,080 cfs Apr. 26 (gage height, 9.48 ft); minimum, 32 cfs Sept. 5

(gage height, 2.45 ft).

Period of record: Maximum discharge, 3,640 cfs June 9, 1962 (gage height, 11.90 ft); maximum gage height,

12.31 £t Apr. 10, 1969 (backwater from ice); minimum discharge, 7.9 cfs July 8, 1940.

REMARKS .--Recqords good except those for winter months, which are fair. Slight regulation by Clearwater Lake.

DISCHARGEs IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY eer NOV DEC JAN FEB MAR APR MAY JUN
1 81 176 9% 76 92 49 50 1,380 367
2 90 135 98 76 91 49 51 1,250 304
3 98 213 98 76 90 48 52 1,100 254
4 104 212 97 16 88 48 54 974 226
5 118 209 95 76 86 48 57 874 202
[ 183 203 94 76 84 47 64 791 181
7 218 196 93 77 81 47 77 702 162
8 214 190 92 77 79 &7 106 616 147
9 204 183 91 78 77 46 168 563 140
10 205 175 90 78 75 46 228 511 135
11 2643 169 89 79 73 46 314 470 148
12 307 162 88 80 70 46 440 441 169
13 304 145 87 82 68 46 690 446 190
14 280 70 86 83 66 45 920 502 193
15 263 84 85 84 64 45 1,120 640 199
16 248 102 84 85 62 45 1,260 817 368
17 239 108 84 87 61 45 1¢440 877 891
18 228 117 83 89 60 45 14360 791 1,030
19 221 116 82 90 59 45 1,070 678 764
2C 212 114 82 91 58 46 781 607 525
21 206 111 81 92 56 46 625 568 441
22 196 113 80 92 55 46 632 532 n
23 187 118 80 93 54 46 727 488 313
24 180 114 79 94 53 46 989 460 271
25 178 109 18 94 52 46 1:730 443 243
26 177 104 78 94 51 47 10960 441 294
27 185 12 77 94 50 47 1,570 427 373
28 191 97 77 94 50 48 14360 347 322
29 176 96 77 94 ————— 48 1,420 320 273
30 170 95 77 94 —————— 49 1,470 375 236
31 169  ———=——- 77 93 ————— 49 —omeee 352 ——————
TCTAL 6,075 49198 2,653 21644 14905 le 647 22,785 19,783 9,732
MEAN 196 140 8546 85.3 68.0 46.7 760 638 324
MAX 307 213 98 94 92 49 10960 1+ 380 1,030
MIN 81 7C 7 76 50 45 50 320 135
AC-FT 12,050 84330 5+260 5¢240 3,780 2870 459190 39,240 19,300
CAL YR 1969 TOTAL 61,4356 MEAN 223 MAX 3,550 MIN 32 AC-FT 161,400
WTR YR 1970 TGTAL 76,709 MEAN 210 MAX 1,960 MIN 33 AC-FT 152,200
PEAK DISCHARGE (BASE, 500 CFS)
DATE TIME Ge He D1SCHARGE DATE TIME G. He DISCHARGE
4-17 1215 8.23 1,480 5-17 0500 6.53 887
4-26 0215 9.48 2,080 6-18 0530 7.14 1,080

4-30 0415 8.26 1,500

JUuL

212
191
166
148
143

134
124
118
110

99

84
83
78
T4
74

80
83
80
74
14

78
73
59
59
55

51
46
51
49
50
52

2,852
92.0
212
46
5,660

AUG

47
53
62
53
46

44
42"
40
40
44

45
47
43
48
42

40
47
43
a8
35

40
45
47
53
46

43
417
39
39
38
38

14368
46.1
62

35
24710
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05078230 Lost River at Oklee, Minn.

LOCATION.--Lat 47°50°'35", long 95°51'30", on west edge of sec.l, T.150 N., R.41 W., Red Lake County, on down-
stream side of bridge on State Highway 222 at northwest edge of Oklee, 12 miles upstream from mouth.

DRAINAGE AREA.--266 sq mi.

PERIOD OF RECORD.--April 1960 to current year. Monthly and daily figures for April 1, 1960 t‘olmme 30, 1960,
published in WSP 1913. .

GMGE.~-Nonrecording gage read once or twice daily and crest-stage gage. Datum of gage is 1,126.94 ft above mean
sea level, adjustment of 1912 (levels by Corps of Engineers). Prior to Sept. 9, 1960, reference points at
gam gite at datum 8.00 ft higher. Sept. 9, 1960, to Sept. 30, 1964, nonrecording gage at same site at datum

+00 £t higher.

AVERAGE DISCHARGE.--10 years, 77.6 cfs (56,220 acre-ft per year). ®
EXTREMES.--Current year: Maximum discharge, 2,300 cfs Apr. 25 (gage height, 12.76 ft); minimum observed, 1 5
cfs Aug. 28, 29 (gage height, 2.43 ft).
Period of record: Maximum discharge, 3,210 cfs Apr. 11, 1969 (gage height, 14.91 £ft, from floodmark), no
flow Peb. 16 to Mar. 21, 1963, Feb. 15 to Mar. 2, 1964.

Maximum stage known since at least 1897, 18.39 ft Apr. 21, 1950 (present datum), from floodmarks (dis-
charge, 2,790 cfs).

REMARKS .--Records good except those ‘for winter months, which are fair.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 20 108 28 15 9.8 12 12 525 118 55 4.5 3.5
2 20 112 27 14 9.8 12 12 444 117 50 Be6 3.3
3 54 142 27 14 9.6 12 12 399 113 36 844 3.0
4 83 141 28 14 9.6 12 12 326 109 18 4e2 24
5 156 138 28 14 94 11 13 274 107 %1 3.6 1.9
6 16} 101 28 14 94 11 14 236 103 6o 34 1.7
7 143 89 28 13 9o 11 20 227 15 6.2 3.3 246
8 128 78 27 13 9.2 11 70 206 67 Se3 3.l 25
9 104 70 26 13 9.2 10 390 205 45 47 24 26
10 120 $6 25 13 92 10 765 200 45 &b 2.2 24
11 143 47 24 13 9.2 10 870 197 45 bel 2.8 20
12 154 43 23 13 9.0 10 800 192 %45 3.9 244 13
13 166 37 22 13 9.0 10 750 154 39 3.7 2.1 - 16
14 143 33 22 13 9.0 11 715 174 106 3.6 1.9 10
15 126 n 21 13 9.0 11 670 384 234 3.6 2.5 47
16 66 29 20 13 9.0 11 625 524 409 4.9 3.0 4.7
17 56 28 20 12 9.2 11 591 384 610 4e5 2e6 47
18 51 28 19 12 9e2 11 470 287 353 4.5 2.0 Lol
19 49 28 18 12 9.4 12 353 229 276 4ol 2.5 4.2
20 45 29 18 12 %4 12 274 188 190 3.7 2.3 4ol
21 &4 30 17 11 9.6 12 283 172 114 3eb 2.2 bel
22 42 30 17 11 9.6 12 342 161 99 3.4 5.8 4ol
23 41 31 17 11 9.8 12 534 151 85 3.3 449 4.2
24 32 32 17 11 10 13 1+330 136 63 3.3 3.7 402
25 21 32 16 11 10 13 24180 127 54 3.3 24 4e2
26 17 .31 16 10 11 13 1,580 138 93 3.3 2.1 4l
27 17 30 16 10 11 13 874 130 93 3.0 l.6 3.6
28 35 30 16 10 11 13 880 120 89 3,0 1.5 3.6
29 38 29 15 10  ~-cee- 13 1,000 130 % 3.0 1.5 36
30 s1 28 15 10 —=ee=e- 12 692 135 55 3.0 1.7 3.6
31 66 - 15 10 eocee- 12 cece-- 129 ==oe=- 4.2 2.3 m—————
TOTAL 24392 14,671 656 378 268.,0 359 17,133 T+28% 4,026 272.2 97.3 223.9
MEAN T7.2 55.7 21.2 12.2 9.57 11.6 571 235 136 8,78 3.14 Tebb
MAX 166 142 28 15 11 13 24180 525 610 55 8.6 26
MIN 17 28 15 10 9.0 10 12 120 39 3.0 1.5 1.7

AC-FT 4,740 34310 1,300 750 532 112 33,980 144450 7,990 540 193 446

CAL YR 1969 TOTAL 32,559.5 HEA.N 89.2 MAX 3,040 MIN 1,0 ACFT 64,580
WAT YR 1970 TOTAL 34,760.3 MEAN 95,2 MAX 2,180 MIN 1.5 ACFT 68,950
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05078500 Clearwater River at Red Lake Falls, Minn,

LOCATION.--Lat 47°53'15", long 96°16'25", in NW4NE% sec.22, T.151 N., R.44 W., Red Lake County, on left bank 40
ft downstream from Great Northern Railroad bridge in Red Lake Falls, 1.4 miles upstream from mouth, and 3
miles downstream from Badger Creek.

DRAINAGE AREA.--1,370 sq mi, approximately.

PERIOD OF RECORD.--June 1909 to September 1917, October 1934 to current year. Monthly discharge only for Octo-
ber, November, 1934, published in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 949.49 ft above mean sea level, adjustment of 1912 (levels by
Corps of Engineers). Prior to Sept. 12, 1911, nonrecording gage at site 0.5 mile upstream and Sept. 12,
1911, to Sept. 30, 1917, nonrecording gage at site 40 ft upstream at different datum.

AVERAGE DISCHARGR.--44 years, 305 cfs (221,000 acre-ft per year).

EXTREMES . --Current year: Maximum discharge, 5,630 cfs Apr. 26 (gage height, 9.32 ft): maximum gage height,
13.97 ft Apr. 11 (from floodmark, backwater from ice); minimum discharge, 34 cfs Aug. 20, 21, Sept. 6, 7
(gage height, 1.74 ft).

Period of record: Maximum discharge, 9,740 cfs Apr. 12, 1969 (gage height, 11.82 ft): maximum gage height
observed, 17.5 ft Apr. 5, 1913, site and datum then in use (backwater from ice): no flow Sept. 15, 1936,
Sept. 14, 1939, Aug. 19-22, 1940.

REMARKS . --Records good except those for winter months, which are fair. Slith regulation by Clearwater Lake and
several smaller lakes.

REVISIONS (WATER YEARS).--WSP 355: 1911-12. WSP 1438: 1910-11, 1917(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

NAY ocY NOV 0&C JAN FEB MAR APR MAY JUN JuL AUG SEP
1 96 267 140 123 138 79 T4 2870 1,210 402 83 &7

2 107 298 142 123 134 78 73 24500 895 362 70 48

2 132 343 150 122 12¢ 78 T2 24180 701 319 67 45

4 149 363 155 122 127 78 72 1,920 595 286 78 41

S 152 367 152 122 122 78 73 1,680 524 263 10 37

] 196 347 150 121 118 78 T4 1,500 459 251 60 3s

7 318 332 243 121 113 77 82 1+370 403 237 5S4 46

8 352 320 147 121 109 77 180 1,240 357 216 50 54

9 337 312 148 122 10¢ 77 800 1,150 319 203 “5 kA4
10 328 293 143 123 102 77 1,450 1,100 300 187 L] 100
11 340 283 142 124 99 k4 29000 1,070 304 171 45 79
2 479 270 lal 126 96 76 24450 1,010 306 153 46 66
13 534 254 140 128 94 76 29700 959 332 147 7 58
14 485 142 139 130 92 16 2¢950 997 353 133 45 51
15 437 107 137 132 S0 5 3¢110 1,530 406 136 45 52
1e 399 127 136 133 88 75 3,510 2,160 666 120 44 51
17 367 162 134 135 87 T4 3,220 24040 2,480 117 39 49
e 352 177 132 137 85 T4 2,910 1,670 24870 121 “2 S1
le 327 173 130 140 a4 73 2,500 1,380 2,080 114 48 53
20 303 170 12¢ 142 83 T2 1,R40 1,200 1,380 102 38 50
21 289 163 122 145 82 T2 1,560 1,090 1,100 96 L2 51
22 275 161 127 148 82 73 1,610 1,030 903 98 70 50
23 257 167 127 150 81 73 2,080 952 T42 96 60 47
24 245 178 127 150 80 73 3,310 187 618 82 55 48
25 242 176 126 151 79 T4 54160 857 534 80 n 61
26 245 168 125 151 79 T4 5,250 836 502 73 61 63
27 245 157 124 151 79 75 4,140 821 618 68 564 63
28 242 150 123 150 79 80 3,540 172 625 59 54 66
29 267 142 123 148 —————— a2 3,380 793 532 65 52 68
30 260 140 123 147 cee——— 80 3,290 1,040 465 83 51 76
31 260 —eo=e- 123 142 ettt T6 ——em—— 14310 —————— 87 49 ——————
TaTAL 94024 6,720 4,217 4v180 2,737 2,357 63,460 41,914 23,579 4+932 1,683 1,683
MEAN 291 224 136 135 °7.8 T6.0 24115 14362 786 159 54.3 56,1
MAX 524 367 165 151 138 82 54250 2,870 2,870 402 83 100
MIN 96 107 123 121 79 72 72 172 300 59 38 35

AC-FT 17,900 13,330 84360 84290 59430 4,680 125,900 83,140 46,770 9,780 3,340 34340

CAL YR 1969 TOTAL 155,993 MEAN 427 MAX 9,010 MIN 60 ACFT 309,400
WAT YR 1970 TOTAL 166,496 MEAN 456 MAX 5,250 MIN 35 ACFT 330,200
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05079000 Red Lake River at Crookston, Minn.

LOCATION.--Lat 47°46'32", long 96°36'33", in SW4SWk sec.30, T.150 N., R.46 W., Polk County, on right bank at .
downstream side of highway bridge in Crookston, 0.3 mile downstream from Interstate Power Co.'s dam, 0.6 mile
downstream from bridge on U.S. Highway 75, and 53 miles above mouth.

DRAINAGE AREA.--5,280 sq mi, approximately.

PERIOD OF RECORD,--May 1901 to current year. Monthly discharge only for some periods, published in WSP 1308,
Figures of daily discharge for Apr. 3-30, 1904, published in WSP 130, have been found unreliable and should

not be used.

GAGE.--Water-stage recorder. Datum of gage is 832,72 ft above mean sea level, datum of 1929. May 18, 1901, to
June 30, 1909, nonrecording gage at bridge 300 ft upstream at same datum. July 1, 1909, to Sept. 25, 1911,
nonrecording gage., Sept. 26, 1911, to Sept. 30, 1919, water-stage recorder, Oct. 1, 1919, to Sept. 30, 1930,
nonrecording gage, at present site and datum.

AVERAGE DISCHARGE.--69 years, 1,069 cfs (774,500 acre-ft per year).
EXTREMES.~--Current year: Maximum discharge, 13,300 cfs Apr. 26 (gage height, 19.05 fg); maximum gage height,
19.43 £t Apr. 18 (backwater from ice); minimum discharge, 571 cfs Nov. 18 (gage height, 4.01 ft).

Period of record: Maximum discharge, 28,400 cfs Apr. 12, 1969 (gage height, 27.33 ft); no flow for part of
July 13, 1960 (caused by regulation of power plant upstream).

REMARKS.--Records good except those for winter months, which are fair. Diurnal fluctuation caused by power plant

upstream.
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 YO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 1,350 2,210 970 1,160 1,080 1,030 1,090 64280 64250 3,120 812 830
2 1,350 25190 990 1,150 1,040 1,080 1,050 5+1390 S5+140 3,020 BO4 885
3 1,360 2,180 1,020 1,140 1,010 1,110 €87 4,720 49130 2,880 1 837
4 14440 2,150 1,030 1,120 1,000 1+070 904 49260 3,510 2,750 821 888
S 19460 1,950 1,050 1,100 1,020 14040 853 3,850 3,130 24700 823 906
6 1,500 14920 1,100 1,080 1,060 1,030 854 3,510 2,870 24620 830 910
7 1,600 14820 1,130 1,070 1,070 1,030 951 3,590 2,660 24540 829 992
8 14750 1,800 1,110 1,060 1,070 1,020 29100 3,470 2+540 24300 835 1,020
9 1,740 1,720 14070 1,090 1,060 1,010 3,140 3,370 2,430 24220 807 1,040
10 1,700 1,660 1,030 1,110 1,06¢C 1,010 4,070 3,520 24160 2,130 T44 1,100
11 1,740 14660 1,010 1,120 1,050 1,000 44820 3,610 1,990 1,710 709 1,120
12 1,810 1,600 1,000 10130 1,050 1,010 54550 3,580 2,130 1,530 686 1,130
13 1930 14550 1,000 1,120 1,040 1,020 645360 3,500 24490 1,230 692 1,070
14 10950 14300 1,020 1,100 1,040 1,020 7+020 3,460 24570 le100 738 12040
15 1,860 978 1,030 1,100 1,030 1,030 T9220 3,870 24550 1,070 763 1,010
16 1+820 836 900 1,100 1,030 1,030 7,800 4,940 2,760 1,130 776 1,010
17 1,730 730 840 1,100 1,030 1,020 89740 5¢380 54310 1,060 776 955
18 1,720 670 910 1,110 1,020 1,020 9,000 4¢y890 9+870 1,030 796 950
19 14690 €50 1,000 1120 1,020 1,010 T¢640 44120 94650 990 815 930
2¢ 1,680 660 1,080 1,130 1,020 1,000 5+ 590 3,600 79320 936 806 943
21 14640 670 1,110 Lel40 1,030 1,000 44470 3,330 5¢800 931 807 936
22 1,720 700 1,150 1,150 1,050 14020 4¢630 3,200 5+170 907 909 913
23 1,640 730 12140 1,150 14040 1,040 54680 3,320 49630 888 903 996
24 14950 950 1,130 1,140 1,040 1,070 7+830 3,250 4,070 893 855 898
25 2,000 1,080 1120 1.,130 1,030 1,050 10,900 39160 3,680 864 868 928
26 2¢140 1,150 1,100 1,120 1,020 1,080 13,100 3,120 34440 850 880 341
27 24160 1 ¢200 1,180 1+110 1,000 1,150 11+500 3,060 3,400 841 866 946
28 24100 14170 1,200 1,110 1,000 1,130 84710 2¢980 3,540 827 864 939
29 29260 1,120 14220 1,100 —-=rm=- 1,000 T¢970 34210 3,400 827 878 942
30 2,310 980 1,210 1,090 ~=emee 975 Ty410 44420 34240 850 878 936
31 24290 _——— 1,180 1,080 ~-o=e- 14090 ———eee 49830 eememe 841 88l ——ee—-
TOTAL 554390 39,984 33,030 34,530 29,010 324195 167,839 120,590 121,830 47,580 259212 284961
MEAN 1,787 14333 1,065 1e114 1,036 1,039 59595 3,890 4,061 1,535 813 965
MAX 2¢310 24210 1,220 1+160 1,080 1,150 13,100 64280 9,870 3,120 909 i.,130
MIN 1350 650 B40 1,060 1,000 975 853 2,980 1,990 B27 686 880

AC-FT 109,900 79+310 654520 68,490 57+540 63,860 332,900 239,200 241,600 944370 50,010 57¢440

CAL YR 1969 TOTAL 751,137 MEAN 2,058 MAX 27,100 MIN 650 ACFT 1,490,000
WAT YR 1970 TOTAL 736,151 MEAN 2,017 MAX 13,100 MIN 650 ACFT 1,460,000
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05082500 Red River of the North at Grand Forks, N. Dak.

LOCATION.~-Lat 47956'34", long 97°03'10", in SW4NEY% sec.33, T.152 N., R.50 W., Grand Forks County, on left bank
on second floor of old sewage plant in Grand Forks, 2.3 miles downstream from Red Lake River, and at mile
296.0.

DRAINAGE AREA.--30,100 sq mi, approximately (includes 3,800 sq mi in closed basins).

PERIOD OF RECORD,--April 1882 to current year. Monthly discharge only prior to May 1901, published in Wsp 1308.

GAGE.--Water-stage recorder. Datum of gage is 778.35 ft above mean sea level. Nov. 3, 1933, to Apr. 13, 1965,
water-stage recorder 0.3 mile upstream at present datum. See WSP 1728 or 1913 for history of changes prior
to Nov. 3, 1933.

AVERAGE DISCHARGE.--88 years, 2,439 cfs (1,767,000 acre-ft per year).

EXTREMES ., ~-Current year: Maximum discharge, 23,700 cfs Apr. 28 (gage height, 34.30 ft):; maximum gage height,
34.42 £t Apr. 13; minimum discharge, 868 cfs Aug. 14 (gage height, 5.08 ft).

Period of record: Maximum discharge about 80,000 cfs Apr. 10, 1897 (gage height, 50.2 ft, site and datum
then in use), from rating curve extended above 54,000 cfs; minimum, 2.4 cfs Feb. 3-5, 12, 14, 16-19, 1937
(caused by unusual regulation during repair of dam at Grand Forks). '

REMARKS . --Records good. Flow regulated by many lakes and reservoirs on tributaries. Records of chemical ana-
lyses and water temperatures for the water year 1970 are published in Part 2 of this report.

REVISIONS (WATER YEARS).--WSP 855: 1936(M). WSP 1115: 1942. WSP 1175: 1897(M). WSP 1388: 1904, 1914-15,
1917-19, 1921-22, 1927, 1950. WSP 1728: Drainage area.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OAY ocT NOV OEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 1,460 2+ 490 1,650 1,400 1.50C 1+600 2+300 17,800 11,500 64310 1,3%0 984
2 14490 24470 1,650 14400 1,500 19600 24400 16,200 14,100 5,870 1,270 984
3 1,510 25420 19650 1,400 1,500 1,600 24500 14,4300 144800 5:550 1,220 1:020
4 14540 24400 1,600 1,400 1,500 1,600 24400 12,400 13,600 5,220 14180 1,050
5 1.580 29400 1,600 1,400 1,450 1,600 2,400 10,600 11,500 4,900 14180 1,020
6 1,610 25320 . 1,600 1,400 1,450 1,600 2,400 9,200 9,500 4,620 1,200 992
k4 1,650 2,250 1,600 14350 14450 1,600 2,800 8,300 8,000 42380 1,190 1,110
8 19740 2,200 1,650 1,350 14500 14600 54500 74800 64920 44160 1,200 14160
9 19840 2,160 14650 1,300 1,500 1,600 10,600 T+400 6,040 3,860 1,190 1,190
10 1,920 2,110 1,650 1,300 1,500 1,600 13,800 7100 54560 3,620 1,170 1,240
11 1,940 24060 1,600 1,350 1,550 1,600 16,400 64900 5,100 3,430 1,100 1,270
12 1,940 2,030 1,550 1,350 1,550 1,600 18,800 6,800 44640 3,100 1,000 1,300
13 1,960 1,990 14450 11400 1,550 19600 20+500 69700 4,420 2,790 914 14300
14 2,040 1,900 14450 1,400 1455C 1,600 204300 64650 %4460 24540 903 1320
15 2,120 1,710 1,500 1,400 1.550 14650 19,200 6,650 4,570 2,380 980 1,310
16 2,130 1,490 1,450 14450 1,500 1¢650 18,200 7,150 4,860 24210 1,060 1:260
17 2,100 15360 1,400 1,450 1,500 1,650 18,000 8,200 T+450 24160 1,090 14190
18 2,020 1,220 1,300 14450 1,550 1,600 17,500 8,800 12,100 2,070 1,060 1e140
19 1,990 1,140 1,300 14450 1+ 550 15600 17,200 8+ 600 15,500 1,980 1,030 1¢110
20 1,970 1,140 1,400 1,450 1:550 1,600 16,100 74600 17,000 1,890 1,030 1,100
21 1,930 1,260 1,400 14450 1,550 1,670 14,700 6,800 17,400 1,780 1,050 1,090
22 1,900 1,280 14450 1,450 1,600 1,600 14,600 6,590 16,800 1,700 1,060 1,080
23 1,930 1,280 14400 14450 1+600 1,650 16,800 6,140 15,200 1,660 1,070 1,080
24 29000 1,300 1,350 1,400 1,60C 1,650 18,800 5,970 13,100 14580 1,130 1,100
25 2,060 1,400 14350 1,400 10600 1,700 20,800 5830 10,800 12510 1,060 1,280
26 2,220 1,600 1,400 1,450 1,600 1,800 22,700 5¢660 9.200 19640 1,060 1,280
27 24340 1,750 1,359 141450 1,600 1,850 23,500 59510 8100 14430 1,040 1,240
28 24380 1,800 1,300 1,450 1,600 1,900 234600 54450 7,500 11420 1,03C 1,220
29 2y 360 1,800 19350 15450 ——— 1,950 20,600 59900 7+200 19460 992 14180
39 29400 1,750 1,400 11450 ————— 2,000 19,100 T+120 6,820 1¢420 996 1,160
31 24470 —————— 14400 1,500 ———— 2,100 -— 9,150 ——naee 1,380 1,020 o~
TOTAL 60,540 54,480 45,850 43,750 43,000 519950 424,500 255,270 293,740 89,820 33,825 34,760
MEAN 1,953 1,816 19479 19411 14536 1,676 14,150 8,235 9,791 2,897 1,091 1,159
MAX 241470 24490 1,650 1,500 14600 24100 23,600 17,800 174400 64310 1,350 1,320
MIN 14460 15140 1,300 14300 1445C 1,600 24300 54450 4,420 1,380 903 984
AC~-FT 120,100 108,100 904 940 86:780 85,290 103,000 842,000 506,300 582,600 178,200 67,090 68,950
CAL YR 1969 TOTAL 1,875,400 MEAN 5,138 MAX 53,400 MIN 1,060 AC-FT 3,720,000
WTR YR 1970 TOTVAL 1,431,485 MEAN 3,922 MAX 23,600 MIN 903 AC-FT 2,839,000
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v5087500 Middle River at Argyle, Minn.

LOCATION.--Lat 48°20'27", long 96°49'02", in SE%SWy sec.l10, T.156 N., R.48 W., Marshall County, on left bank 20
ft upstream from bridge on U.S. Highway 75 in Argyle and 14 miles upstream from mouth.

DRAINAGE AREA.--265 sq mi.

PERIOD OF RECORD.--March to September 1945, October 1950 to current year. Monthly discharge only £
periods, published in WSP 1728. ’ ¥ y discharge enly for some

GAGE.--Water-stage recorder. Datum of gage is 828,53 ft above mean sea level, datum of 1929, Prior to Nov. 8,

i9glétn§:;}e1cording gages and Nov. 8, 1951, to Sept. 18, 1952, water-stage recorder at present site at datum
. er.

AVERAGE DISCHARGE.--20 years (1950-70), 46.0 cfs (33,330 acre-ft per year).

‘EXTREMES . --Current year: Ma:;imum discharge, 2,200 cfs May 31 (gage height, 14.82 ft): no flow for many days.
Period of record: Maximum discharge, 2,590 cfs Apr. 12, 1965 (gage height, 15.29 ft); maximum gage height,
16.00 ft Apr. 3, 1966 (backwater from ice); no flow at times in most years.
Flood of April 1950 reached a stage of 15.25 ft, present datum, from floodmarks (discharge, 2,790 cfs).

REMARKS . ~-Records good except those for winter months, which are fair.

the water year 1970 are published in Part 2 of this report. Records of suspended sediment loads for

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1959 T3 SEPTEMBER 1970

DAY oY NOV DEC JAN FEB MAR APR MAY JUN Jut AUG sie

| «40 =40 - 50 «60 10 [ 314 1,740 8l 6e7 | )

2 20 50 <50 60 10 o} &60 1,220 >8 5.8 1.0
3 20 30 «50 «60 .10 0 465 888 59 545 90
4 20 50 «40 «60 «10 -10 348 643 22 4.9 «?)
5 «30 «50 <40 «60 10 10 281 462 47 4.0 « %0
6 =20 «40 «40 «60 10 «20 220 343 42 41 «99

7 =10 «30 «4&0 «60 10 «30 180 261 " 38 3.8 2.4

8 30 «20 «40 «60 10 «80 151 204 34 3.7 1.8

9 (4] «20 «40 «60 10 l.4 133’ 164 30 3.3 1.4

10 «30 «50 -40 «50 10 2.0 116 136 27 3.2 1.2

11 «40 «40 «40 «50 ] 3.0 118 145 24 3.1 1.0

12 «20 «50 «40 «50 0 4.5 139 364 23 2.8 1.0
13 «20 «50 «40 «40 -0 6.0 170 15190 22 247 -90
14 10 «50 <40 - 40 ] 35 195 1,300 21 2.3 -80
15 10 «50 <40 «40 0 120 206 868 21 2.6 70
16 «10 «50 - &0 «30 0 210 238 580 20 2.6 <70
17 10 «50 «40 30 o 300 369 571 18 2.2 «60
18 ] «50 «50 «30 ] 430 523 1,460 18 2.6 60
19 0 «40 «50 «30 0 720 498 14950 18 2.0 <50
20 o «40 «50 20 0 170 355 14450 16 1.9 <40
21 ] 40 «50 «20 1] 730 250 14340 14 1.9 60
22 «20 «40 50 «20 [} 480 194 722 13 1.8 «50
23 -10 «40 «50 «20 0 423 194 508 12 1.8 50
24 10 «40 «60 «20 0o 355 191 356 11 1.3 40
25 «20 «40 «60 =20 0 416 i8l 257 10 1.3 «30

26 «30 «&0 «60 10 0 618 180 191 9.4 1.1 1.2
27 10 <40 «60 «10 0 991 211 150 8.4 1.1 -70
28 «20 «40 «60 «10 0 9715 247 127 7.8 1.0 -39
29 «20 «4%0 «60 10 —————— 758 261 108 8.4 1.0 <59
30 «30 «40 «60 -10 —————— 729 461 95 T.06 1.5 «60
n «30 ———— «60 el ~w==e~ ———— 15690 —_———— 7.8 1.3 ce-=-
TOTAL 5.40 12.70 14.90 11.10 1.00 0 9,078.40 10,238 19,793 788.4 85.3 26620
MEAN 17 42 «48 36 <036 0 303 330 6560 25.4 2.75 87
MAX «40 «50 «60 «60 10 ] 991 1,690 1,950 81 6.7 2.4
MIN [} «20 «40 «10 ] 0 [} i116 95 7.6 1.0 - 40
AC~FT 1 25 30 22 2.0 0 18,010 20,310 39,260 14500 169 52

CAL YR 1969 TOTAL 20,546.80 MEAN 56.3 MAX 2,300 MIN O AC-FT 40,750
WIR YR 1970 TOTAL 40+054.40 MEAN 110 MAX 1,950 MIN O AC=FT 79,450



70 RED RIVER OF THE NORTH BASIN
05092000 Red River of the North at Drayton, N. Dak.

LOCATION.--Lat 48°34°'20", long.97°08'50", in-SE%SE%SE% sec.24, T.159 N., R.51 W., Pembina County, on downstream
end of east pier of interstate highway bridge, 1.5 miles northeast of Drayton and at mile 206.7.

DRAINAGE AREA.--34,800 sq mi, approximately (includes 3,800 sq mi in closed basins).
PERIOD OF RECORD.--April 1936 to June 1937, April 1941 to current year (fragmentary prior to April 1949).

GAGE.--Water-stage recorder and -concrete ,c;:ntrol. Datum of gage is 755.00 ft above mean sea level (Minnesota
highway benchmark). Prior to Nov. 30, 1954, nonrecording gage at site 1.5 miles upstream at datum 1.59 ft
higher.

AVERAGE DISCHARGE.--21 years (1949-70) 3,719 cfs (2,693,000 acre-ft per year): median of yearly mean discharges,
2,650 ofs (1,920,000 acre-ft per year). _
EXTREMES , --Current year: Maximum discharge, 31,700 cfs Apr. 29 (gage height, 38.20 ft); minimum, 900 cfs
Aug. 15 (gage height, 9.78 €t). -
Period of record: Maximum discharge, 86,500 cfs May 12, 1950 (gage height, 41.58 ft, former site and
datum) ; minimum observed, '7.7 cfs Oct. 16, 1936 (gage height, 1.75 ft, former site and datum).
Maximum discharge known since 1860, that of May 12, 1950. Flood of April 1897 reached a stage of about 41
ft, at site and datum in use prior ‘to Nov. 30, 1954.

REMARKS .-~Records good. Some regulation by reservoirs on tributaries. Records of water temperatures for the
water year 1970 are published in Part 2 of this report.

REVISIONS (WATER YEARS) .--WSP 1388: 1949-50.. WSP 1728: Drainage area.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY oct NOV DEC JEN FEB MAR APR MAY JUN JuL AUG SEP
1 1,460 2,540 15880 1,400 1,390 1,410 1,870 304200 9,350 84450 14440 1,040

2 1246D 2,590 1,990 - 1,400 . 14390 1,420 1,900 29,500 11,600 7,850 1,390 1,050

3 1,500 2,640 2,040 14390 . 1,390 1,430 1,950 27,200 13,300 7,400 1,350 1,050

4 1,520 2,650 2,070 - 1,390° 1,390 1,430 2,350 24,900 14,500 6,900 1,290 1,050

s 1,550 2,650 2,090 1,390 1,390 1,430 2,650 22,800 15,100 6,410 1,250 1,070

6 1,580 2,640 2,100 10390 © 1,390 1,440 2,700 20,700 14,900 6,000 1,200 1,070

7 1,620 2,620 2,070 1,390 1,390 1,440 2,700 18,700 14,100 5,660 1,180 1,080

8 1,660 2,530 2,030 1,390 - 1,390 10440 2,800 17,100 12,800 5,340 1,180 1,180

9 1,710  2¢460 2,030 1,380 1,390 1,440 3,600 15,800 11,000 5,000 1,190 1,300
10 1,840 2,410 2,030 12380 1,400 10440 54850 14,600 94150 4,680 1,190 1,320
11 10990 2¢320 2,030° 14380 . 1,400 - 14440  B,400 13,400 7,650 4,380 1,190 1,310
12 24040 2,280 2,030 ., 1,370 - 1,400 © 1,440 11,000 12,600 6,700 4,130 14160 1,330
13 2,060 24200 1,970 - . 1,370 1,400 1,440 13,800 12,200 6,350 3,790 1,110 1,380
14 2,060 2,170 1,900 1,370 1,400 10440 164800 11,900 7,650 3,440 1,020 1,380
15 2,110 25100 1,820  14370° 1,400 1,460 18,800 11,800 8,700 3,160 960 1,390
16 2,180 1,930 1,750  1,370° 1,400 1,460 20,900 11,800 8,800 3,010 940 1,390
17 24240 10730 1,700 14370 15400 1,460 23,100 11,700 8,500 2,920 990 1,370
18 2,240 1,320 1,600 1,370 1,410 1,490 26,100 11,700 9,250 2,820 1,060 1,290
19 2,200 15220 1,520 - 14380 - 1,410 ' 1,500 28,100 11,600 12,500 2,650 1,060 1,220
20 2,140 1,180 1,450 . 1,380 1,410 1,530 28,400 11,600 15,900 29470 1,060 1,170
21 2,090 1,190 1,420 1,380 1,410 - 1,560 28,300 11,300 17,800 2,300 1,060 1,150
22 2,060 1,190  1,400° . 1,380 ° 1,410 1,610 28,206 10,700 18,800 2,100 1,050 1,110
23 29030 1,210 1,400 1,380 1,410 1,650 28,800 9,950 19,300 1,960 1,080 1,110
26 1,970 1,240 1,400 1,380 1,410 1,680 29,900 8,900 19,400 1,840 1,080 1,080
25 1,990 1,290 1,400 1,380 1,410 1,690 29,700 8,100 18,000 1,760 1,080 1,090
26 24040 14330 1,400 1,380 . 1,410 1,700 294500 7,450 16,500 1,650 1,110 1,140
27 24130 1,390 1,400 10380 1,410 1,740 29,400, 60800 14,500 1,570 1,090 1,230
28 2,240 1,460 1,400 1,380 1,410 1,760 29,300 6,500 12,300  1.500 1,090 1,250
29 2,350 14550 1,400 1,380 ~~-=== 1,800 31,600 6,350 10,400 1,490 1,090 1,220
30 22460 1,700 1,400 . 1,380 ====== 1,830 31,600 6,750 9,250 1,470 1,070 1,210
31 2,500 emmee- 14400 14390 . - —eeae 1,850 ==wo== 74550 ====== 1,450 1,060 <=-=—--
TOTAL 610020 57,730 53,520 42,820 39,220 - 47,860 520,070 432,150 374,050 135,550 35,070 36,030
MEAN 1,968 1,926 1,726, - 1,381 1,401 1,564 17,340 13,940 124470 | 3,727 1,131 1,201
MAX 2,500 24650 2,100 1,400 1,410 1,850 31,600 304200 19,400 ' 8,450 1,440 1,390
MIN 14460 1,180 10400 .° 1,370  14390° 1,410 1,870 6,350 6,350 1,450 940 1,040

AC-FT 121,000 114,500 106,200 84,930 " "17,790 94,930 1,032 857,200 741,900 229,200 69,560 71,470

CAL YR 1969 TDTAL 2,093,110.00 MEAN 5,735 MAX 564600 MIN [} AC-FT 44152,000
WIR YR 1970 TOTAL 1+815,090.00 MEAN 44973 MAX 31,600 MIN 940 AC-FT 3,600,000

M Expressed in thousands.



RED 'RIVER OF THE NORTH BASIN 71
05094000 south Branch Two Rivers at Lake Bronson, Minn.

LOCATION.--Lat 48°43'50%, long 96°39'50", in SWySWy sec.30, T.161 N., R.46 W., Kittson County, on left bank 70 ft
upstream from culvert on U.S. Highway 59 at town of Lake Bronson and 2 miles downstream from dam at outlet of
Bronson Lake.

DRAINAGE AREA.--444 sq mi.

PERIOD OF RECORD.--September 1928 to November 1936, April to September 1937, April 1941 to October 1943, April to

December 1944, April 1945 to September 1947, October 1953 to current year. Monthly discharge only for some
periods, published in SWP 1308. Published as South Fork Two Rivers at Bronson prior to 1941.

GAGE.--Water-stage recorder. Datum of gage is 928.53 ft above mean sea level, datum of 1929 (Minnesota Highway
Department bench mark). Prior to Nov. 23, 1953, nonrecording gage at bridge 100 ft downstream at datum 2.00
£t higher. Nov. 23, 1953, to Oct. 5, 1963, water-stage recorder at same site at datum 2.00 ft higher.

AVERAGE DISCHARGE.--29 years (1928-36, 1941-43, 1945-47, 1953-70), 95.8 cfs (69,400 acre-ft per year).
EXTREMES.--Current year: Maximum discharge, 4,140 cfs Apr. 14 (gage height, 14.51 ft); minimum daily, 1.4 cfs
Feb. 3-15.
Period of record: Maximum discharge, 5,410 cfs Apr. 5, 1966 (gage height, 18.23 ft):; no flow at times in
1937, 1941, 1960.

REMARKS.--Records good except those for winter months, which are fair. Flow partly regulated since 1937 by
Bronson Lake (usable capacity, 3,700 acre-ft).

REVISIONS (WATER YEARS) .——WSP 1308: 1929(M), 1931(M), 1936(M), 1944 (M) 5 /‘/4'7[ r4).,

DISCHARGE, [N CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocy NOV DEC JAN FEB MAR APR MAY JUN Jut AUG SEP
1 5.2 2.2 2.2 2.3 1.5 2.5 3.3 24340 3,970 311 18 2.8
2 5.0 2.5 2.1 2.3 1.5 2.6 3.3 1,540 34510 303 19 2.3
3 47 2.8 2.1 2.3 1.4 28 344 1,600 29620 283 18 2.3
4 a2 245 2.0 2.3 1.4 2.9 3.5 1,210 2,040 245 17 2.3
S 4ot 2.8 2.0 2.3 1.4 3.0 Se0 907 1,450 243 17 2.0
(-] 445 2.8 2.1 2.3 1.4 3.1 Te2 684 15040 217 15 245
7 4.9 2.5 2.1 2.3 1.6 3.1 26 603 665 173 13 4.8
e 4e2 | 22 2.1 2.3 1.4 3,1 27 560 608 176 46 3.4
9 4.3 2.5 2.1 243 1.4 3.0 217 660 563 1718 49 2.4
10 4.9 2.8 2.1 2.3 1.4 3.0 25 1,380 600 175 42 3.2
11 4.0 2.5 2.1 2.2 leé 2.9 12 14600 1,500 123 3.7 8.6
12 3.8 2.8 2.0 22 led 2.8 6,0 1,5%0 14440 74 2.8 11
12 3.2 2.5 2.0 242 1.4 2.8 30 1,500 1,310 128 2,8 12
14 3.7 245 2.0 2.1 1.4 2.7 130 1,450 1,210 201 2.9 12
15 4.5 2.5 2.0 202 1.4 2.7 220 1,790 14120 253 2.9 13
16 Set 2.5 2.0 2.0 1.5 2.7 321 2,030 987 111 2.8 11
17 5.9 2.5 2.0 2.0 1.7 2.7 517 2,000 1,100 6eb 2.7 10
18 4.9 2e4 1.9 1.9 1.8 2.8 36 1,900 1,930 84 2.6 9.1
19 442 2.3 1.9 1.9 1.8 2.9 1,050 1,670 1,770 158 2.5 8.9
20 3.4 2.3 1.9 1.8 | 1.9 3.1 1,250 14340 2,070 106 2.7 8.3
21 2.6 243 2,0 1.8 2.0 3.3 1,270 953 1,910 70 2.8 7.8
22 2.0 2.3 240 1.7 2.0 3.4 1,330 718 1.720 48 3.2 645
23 2.0 243 2.0 1.7 2.1 3.5 1,350 658 14430 52 3.2 6.3
24 2.0 2.2 2.1 1.7 2.1 3.6 1,430 623 1,040 55 3.4 5.8
25 2.2 244 2.1 1.6 2.1 3.6 14560 586 659 57 3.1 6.5
26 2.5 2.4 201 1.6 2.2 . 3.5 1,800 733 523 56 3,2 6.5
27 2.2 2.4 2.2 1.6 2.2 3.5 1,980 830 566 54 3.0 6.0
28 2.5 2.3 2.2 1.5 2.3 3.4 24280 818 462 52 64 602
29 2.5 2.3’ 2.2 1.5  =we=e- 3.4 29550 1,330 363 49 65 6.2
30 2.5 2.2 242 1e§  wmmme= 3.3 2,590 2,370 296 8.1 4el 6.7
31 202  mmmeem— 2.3 1.5 ~ewo=- 33 mmeee- 34100 ~=e-e- 13- 27  mmwm—e
TOTAL 115.0 73.6 64,1 61.1 46.9 95,0 22,5642.7 41,477 40,072 4,062,7 381.6 196.4
MEAN 3.1 2. 45 2. 07 1.97 1.68 3.06 751 14330 1,336 131 12.3 6,55
MAX 5.9 2.8 2.3 2.3 2.3 3.6 29590 3,100 3,970 il 64 13
MIN 2.0 2.2 1.9 1.5 1.4 | 25 3.3 556 296 6o & 2.5 2,0
AC-FT 228 146 127 o221 ' 93 188 .« 464710 82,270 79,480 8,060 157 390

CAL YR 1969 TOTAL 48,460.1 MEAN 133  MAX 3,480 MIN 1.9 ACFT 96,120
WAT YR 1970 TYOTAL 109,188.1 MEAN 299  MAX 3,970 NIN 1.4 ACFT 216,600
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RED RIVER OF THE NORTH BASIN

05102500 Red River of the North at Emerson, Manitoba

(International gaging station)

LOCATION.--Lat 49°00'30", long 97°12'40", in sec.2, T.l, R.2 E., on right bank 1,500 ft downstream from Canadian
National Railway bridge in Emerson, 0.8 mile downstream from international boundary, 3.6 miles downstream
from Pembina River, and at mile 154.3.

DRAINAGE AREA.--40,200 sq mi, approximately (includes 3,800 sq mi in closed basins).

PERICD OF RECORD.--March to November 1902 (gage heights only), May 1912 to September 1929 (wonthly discharge

only, published in WSP 1308), October 1929 to current year.

GAGE.--Water-stage recorder.

of Canada.

Datum of gage is 700.00 £t above mean sea level, datum of 1929, by Geodetic Survey
See WSP 1728 or 1913 for history of changes prior to Apr. 10, 1953.

AVERAGE DISCHARGE.--58 years (1912-70) 3,100 cfs (2,246,000 acre-ft per year): median of yearly mean discharges,
2,580 cfs (1,870,000 acre-ft per year).

EXTREMES . --Current year:
minimum daily discharge 1,120 cfs Nov. 24, 25; minimum daily gage height, 48,01 ft Sept. 4.
Period of record:

0.9 cfs Feb. 6-8, 1937 (gage height, 44.00 ft).

REMARKS . --Records good.

Maximum daily discharge, 39,600 cfs April 29; maximum

gage height, 84.72 ft May 1l:

Discharge partially regulated by reservoirs on tributaries.

Maximum discharge, 95,500 cfs May 13, 1950 (gage height, 90.89 ft): minimum observed

COOPERATION.--This station is one of the international gaging stations maintained by Canada under agreement with
the United States.

DAY ocT
1 1,630

2 1,630

3 1,660

4 1,700

5 1,710

[ 1,730

7 1,740

8 1.780

9 1,820
10 1,880
11 1,980
12 2,090
13 24150
14 2,180
15 24200
16 24230
17 24290
18 24350
19 2,370
20 29350
21 24300
22 2+260
23 2,220
24 24180
25 24140
26 24150
27 2,180
28 24260
29 2,370
30 2,490
31 2,570
TOTAL 64,590
MEAN 25084
MAX 2,570
MIN 1,630

AC-FT 128,100

CAL YR 1969 TOTAL 2,496,470
WTR YR 1970 TOTAL 24366.830

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPYEMBER 1970

NOV

29600
24660
2,700
2+750
24720

2,700
24690
2+ 660
24600
2,540

2+ 470
24620
24250
24110
2.060

2,070
1+990
24150
2+030
14960

1,710
19440
14220
15120
14120

1,140
1,190
1,250
14390
14580

61+290
24043
2+ 750
1e12C
121,600

DEC JAN
14750 14390
1,860 1,420
1,890 1,440
1,860 1,460
1,830 1,470
1,810 1,490
1,800 1,500
1,760 1,500
14740 1+%90
1,730 1,480
Ly 740 14460
1.,7%0 1,440
1,740 1,420
1,700 1,410
14640 1e84&0
1,580 1,480
1,530 1,480
1,480 1500
1,440 1,500
1,390 14450
14340 1,440
1320 14490
1,300 1+480
14330 1,480
1,360 1,450
1,370 14440
1,350 1,430
1,330 1,410
1,330 1,410
1,330 1.410
1,310 14410

484690 45,070
1,571 1,454
1,890 1,500
14300 14390

96,580 89,400

MEAN 64840
MEAN 64484

M Expressed in thousands.

FEB MAR APR

1,450 1,830

19460 1,880

1,480 1,950

14500 2,050

1,510 24170

14530 2,270

1,530 2,350

1+540 24400

14540 2,530

1,540 3,380

1,540 54920

1,540 9,410

1,540 12,500

1,530 14,900

14540 16,700

14540 19,000

1+550 204900

1,570 23,000

1,580 26,500

1,590 30,100

1,590 33,800

19590 374300

1,600 35,200

1,610 36,200

14630 364800

1+650 37,300

1,680 38,600

1,700 39,500

1,730 39,600

1,760 39,500

1,790 —————

39,500 484930 575,540

1,411 1,578 19,180

1,460 1,790 39,600

1,370 1,450 1,830

78,350 97,050 1o142M
MAX 54,700 MIN 1,120
MAX 39,600 'MIN 1,120

MAY

39,300
38,700
37,300
37,500
35,900

34,000
31,700
29,800
28,300
26¢900

25,4300
23,800
22,600
21,500
20,900

204900
20600
209300
20,000
194500

19,000
18,200
17,100
15,800
14,600

13,500
12,600
11,800
11,400
11,300
11,600

711,700
22,960
39,300
11,300
1e412M

JUN

12,600
14,9300
16,100
17,500
18,300

184700
18,500
17,900
164700
15,400

14,500
14,4300
14+500
14,800
14,800

14,500
14,000
13,500
14,200
16,300

18,700
21,000
22,000
22,200
22,100

21,400
20,100
18,400
16,500
14,700

-

508,500
16,4950
22,200
12,600
1,009M

AC-FT 4,952,000
AC~FT 4,695,000

JUuL

13,100
11,600
10,400
9,380
8,570

7,880
T+360
6¢950
6¢560
69250

5,970
5790
54620
59340
5,050

4,920
4,890
49750
4,500
4,220

3,970
34690
3,380
3,120
2,900

2,750
24610
22480
20370
29290
24310

170,970
5+515
13,100
20290
339,100

AUG

24380
24280
24180
2,090
2,000

14910
1,840
1,780
1,710
1,730

1,730
1,720
1,690
1610
1,510

1,420
1,350
1436C
1,380
1380

14390
1,390
1,370
1+370
14370

1,360
14360
1,350
14340
1,350
14340

50,040
1,614
2,380
1,340

99,250

SEP

1,330
1,310
1,280
1,270
1,310

1,360
1,340
1,340
14370
1,450

1,520
1,520
14530
1,550
1570

1,580
1,580
1,560
14520
14470

1,370
1,310
143290
1.300
14280

1,280
1,280
1,330
1,380
1,400

42,010
1,420
1,580
1,270

83,330



RED RIVER OF THE NORTH BASIN . 73
05104500 Roseau River below South Fork near Malung, Minn.

LOCATION.--Lat 48°47'30", long 95°44'40", in SWy sec.6, T.l61 N., R.39 W., Roseau County, on left bank 0.3 mile
downstream from South Fork and 1.5 m.1.1es northwest of Malung.'

DRAINAGE AREA.~-573 sq mi.
PERIOD o;=‘ RECORD.--October 1946 to current year.

GAGE,.--Water-stage recorder and concrete controel. Datum of gage is 1,029.67 ft above mean sea level, adjustment
of 1912.

AVERAGE DISCHARGE.--24 years, 159 cfs (115,200 acre-ft per." year) .

EXTREMES.--Current year: Maximum discharge, 3,010 cfs Apr. 29 (gage height, 16.74 ft); minixmm daily, 0.9 cfs
Aug. 24; minimum gage height, 4.43 ft Aug. 29.

Period of record: Maximum discharge, 5,750 cfs (revised) July 18, 1968 (gage height, 22 32 £t); maximum
gage height, 23.37 £t Apr. 3, 1966, backwater from ice; no flow for part of Jan. 15, 1952 (caused by con—
struction of concrete control) and July 23 to Sept. 8, 1961.

REVISIONS.--The figures of maximum discharge for some water years have been revised, as shown in the
following table. They supersede figures published in the water-supply papers indicated.

Water Dis- Gage Water Dis- Gage

WSP year Date charge height WSP year Date charge height

(cfs) (feet) ] (cfs) (feet)

1115, 1308,/°7¢ 1948 Apr. 21, 1948 3,940 18.39 1913, WRD Minn. 1962 June 12, 1962 3,330  16.98

11378 1175 1308, /¢ /41950 Apr. 24, 1950 4,750 7 22.51 WRD Minn. 1966 Apr. 3, 1966 5,050 23,37

1208,,‘{1 1951 Apr. 9, 1951 3,240 16.76 WRD Minn. 1967 Mar. 31, 1967 3,410 18,67

1438, 1728 1956 Apr. 24, 1956 2,410 14.68 WRD Minn. 1968 July 18, 1968 5,750  22.32
1508,\41728 1957 sept. 6, 1957 2,590 15.13

G Tl ofaw ..

REMARKS . -~Records good except those for winter months, which are fair. Some flow bypasses the gaging station
through overflow channel 0.8 mile upstream and returns to river 0.5 mile downstream. Overflow begins at
stage of about 13.0 ft, discharge, 1,800 cfs. Records prior to 1969 water year do not inclqde this overflow.
Revisions for high water periods whlch include this channel are given below.

REVISIONS (WATER YEARS) .--Revised figures of discharge, in cubic feet per second, for high-water periods in
water years 1948, 1950, 1951, and 1968, superseding figures published in WSP 1115, 11378, 1175, 1208, 1308,
1728, and WRD Minn. 1968 are given below:

apr. 17, 1948. 2,380 Apr. 27, 1950. 2,800 May 11, 1950. 3,340 June 9, 1968. 4,250
18....... 3,340 28 2, 600 12....... 3,040 10....... 4,430

19,...... 3,710 2,380 2,560 1l.040se. 4,500
204000000 3,780 2,350 2,070 12./00... 4,070
2l....... 3,890 May 2,400 Apr. 8, 1951. 2,920 13.ccee.. 3,260
22....... 3,480 . 2,290 9..... .. 3,100 14....... 2,430
23. 000000 2,900 3ueeeae. 2,310 10...... . 3,030 July 17, 1968. 3,480
240i0eee. 2,360 deeenaes 2,400 1l....... 3,110 . 18...0... 5,670
25.000eee 1,930 ) Seeecass 2,760 12..00... 2,830 19....... 5,360
Apr. 22, 1950. 2,800 6ensenes 3,570 2,430 20..00... 4,270
2300000 4,210 Teveaess 3,990 2,210 2l....... 3,140
4,700 8eveeess 3,760 2,060 Aug. 26, 1968. 1,940
4,360 . 9eeeeses 3,440 1,880 27vieee.. 2,440
3,500 10....0.. 3,380 June 8, 1968. 1,700 28iiee0e. 1,970
Month . Cfs-days Maximum Minimum Mean Acre-feet
38, 648 3,890 15 1,289 76, 660
59,530.8 3,890 1.3 163 118,100
Calendar year 1948........... 57,305.4 3,890 0.8 157 113,700
BPTLl 1950, . cceeneenncnccecasanasocoonasasnacsnssnansasnacannn 31,795.5 4,700 6.0 1,060 63,070
May 1950....000000.. reeeneanees erenenn eeereneerraenenane .... 58,644 3,990 408 1,892 116,300
Water year 1950.................. ............................ 125,854.4 4,700 0.8 . 345 249,600
Calendar YEAT 1950....c.c.eveevennnnnnroranceasnnancaeneseens . 133,965.0 4,700 2.2 367 265,700
APril 1951, e.cieccrncrcannnn. eeenaes e eacitcetreeacaanecenanan 47,429 3,110 14 1,581 94,080
Water year 1951...ceeecerenccannnccennns eeeaaan tedeacnananas 74,320.1 3,110 3.0 204 147,400
Calendar Year 1051, ..euccereerenennonmersaseseenoesnnnannans . 67,352.7 3,110 3.0 185 133,600
June 1968. . ccccrinenneenn .. 34,197 4,500 59 1,140 67,830
July 1968.... . .. 35,706 5,670 156 1,152 70,820
August 1968... reaeans 18,143 2,440 107 . 585 35,990
Water year L968. ... .ouneosoneeesnemea o ... 107,769.1 5,670 0.4 294 213,800

Calendar year 1968......... fesarssesecesasereacessanny eeee... 117,325.1 5,670 0.6 321 232,700
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05104500 Roseau River below South Fork near Malung, Minn.--Continued

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR DCTOBER 1969 TO SEPTEMBER 1970

DAY ocr NOV DEC JAN FEB MAR APR MAY JUN Jut AUG SEP
1 4.9 38 7.8 8.6 6.2 5.6 7.8 1,980 15250 207 i4 38
2 6.8 52 7.8 8.6 6,2 5.8 7.7 14490 14110 179 14 26
3 7.3 74 7.8 8.6 6.0 6.2 7.7 1,220 980 157 11 18
4 9.0 56 7.7 8.6 5.8 6.4 7.8 1,000 814 138 9.3 14
5 1 45 7.7 8.5 5.8 6.4 8.0 846 656 122 8.0 12
6 1t 39 7.7 8.3 5.8 6.4 8.3 740 s28 109 6.8 9.7
7 12 36 7.7 8.0 5.8 6.2 9.0 658 425 96 6.0 52
8 12 33 7.7 7.6 5.3 6.2 10 592 336 84 5.3 298
9 11 34 7.8 7.6 5.6 6.2 12 710 274 74 4.7 226
10 16 34 7.8 7.3 5.6 6,2 15 718 252 65 4.3 120
11 26 33 7.8 7.3 5.6 6.2 3s 870 252 58 3.7 9%
12 29 32 7.7 7.1 5.6 6.1 100 1,040 422 55 4.5 82
13 41 30 7.7 6.8 5.6 6.0 400 15110 552 54 2.9 72
14 55 21 7.8 6.6 5.6 6.0 820 1,080 638 67 3.0 54
15 58 17 7.9 6.8 5.6 6.0 1,100 1,200 686 75 3.1 45
16 69 16 7.9 6.8 5.6 6.1 1,300 14280 915 77 2.7 42
17 67 14 8.0 6.4 5.6 6.1 1,400 1,210 1,700 77 2.1 40
18 69 13 8.1 6.2 5.6 6.2 15250 15120 24350 49 2.0 38
19 67 12 8.1 6.2 5.8 6.4 1,000 980 2,500 83 1.6 35
20 66 11 8.2 6.2 5.8 6.6 882 830 2,200 63 1.4 33
21 66 i0 8.3 6.0 5.8 6.9 602 712 1,800 49 1.3 27
22 59 9.8 8.4 6.0 5.8 7.2 490 648 15520 44 1.4 23
23 44 9.6 8.5 6.0 5.8 7.5 694 614 1+130 38 1.1 20
24 44 9.2 8.5 5.8 5.8 8.0 1,290 562 828 33 «90 20
25 41 8.8 8.6 5.8 5.8 8.4 1,680 552 630 32 2.0 21
26 39 8.6 8.6 6.0 5.8 8.2 1,690 746 501 27 1.8 19
27 39 8.3 8.6 6.0 5.8 8.1 1,460 902 391 23 1.6 18
28 40 8.2 8.6 6.0 5.6 8.0 2,210 938 332 20 1.5 23
29 43 8.0 8.7 6.0 ———-n 8.0 2,880 14610 286 24 1.8 17
30 43 8.0 8.7 6.0 —m=mmm 7.9 2,670 11540 241 21 13 13
31 40 - 8.7 6.2 ——e- 7.8 ——-— 12350 -=-—- 1?7 34 —_—
TOTAL 1,146.0 728.5  250.9  213.9 161.2  209.3 247046.3 305848 264499 2,187  170.50 1,549.7
MEAN 37.0 24.3 8.09 6.90 S.76 6,75 802 995 883 70.5 5.50 5L.7
MAX 69 74 8.7 8.6 6.2 8.4 2,880 1,980 2,500 207 34 298
MIN 4.9 8.0 7.7 5.8 5.6 5.6 7.7 552 241 17 .90 9.7
AC-FT 2,270 1,hkk0 u98 L2l 320 k15 k7,700 61,190 52,560 L,340 338 3,070
CAL YR 1969 TOTAL 63,896 MEAN 175 MAX 4,850 MIN 3.5 AC-FT 126,700

WPR YR 1970 TOTAL 88,010.30 MEAN 241 MAX 2,880 MIN .90 AC-FT 17hk,600
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05106000 Sprague Creek near Sprague, Manitcba
(International gaging station)
LOCATION.--Lat 48°59'33", long 95°39'43", in NE% s;c.34, T.164 N., R.39 W., Roseau count;, on left bank 0.5 mile

south of international boundary, 3.5 miles south of Sprague, Manitoba, 8 miles upstream from mouth, and 10.5
miles northeast of Roseau, Minn.

DRAiNAGE AREA.--169 sq mi. Prior to October 1958, 151 sq mi; change due to construction of drainage ditch with-
n basin.

PERIOD OF RECORD.--September 1928 to current year (winter records incomplete prior to 1941). Prior to September
1951, published as Mud Creek near Sprague.

GAGE.--Water-stage recorder and concrete control.‘ Datum of gage is 1,038.4 ft above mean sea level, adjustment
of 1928 by Geodetic Survey of Canada. Prior to Mar. 15, 1929, nonrecording gage at same site and datum.

AVERAGE DISCHARGE.--31 years (1928-29, 1940-70), 62.9 cfs (45,570 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 1,180 cfs Apr. 28 (gage height, 12.76 ft); minimum daily, 1.3 cfs
SO eriod of record: Maximm discharge, 2,070 cfs Sept. 1, 1942 (gage height, 15.31 ft), from rating curve
extended above 960 cfs; no flow at times in some years.

REMARKS.--Records good except those for winter months, which are fair.

COQPERATION.--Th:Ls station is maintained by the United States under agreement with Canada.

REVISIONS (WATER YEARS).--WSP 1055: 1944. WSP 1308: 1931(M).

DISCHARGE, IN CUBIC FEET PER SECCNC, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970C

LAY uCT NOV DEC JAN FEE PAR APR MAY JUN JUL AUG SEP
1 Se3 25 5.2 1.9 l.¢ 1.8 1.7 865 889 €1 28 2.3
2 S.8 27 5.4 1.5 l.¢ 1.9 L.7 802 749 5B 21 1.9
3 11 25 4.8 1.8 1.6 2.0 1.7 695 622 45 16 2.2
4 15 24 3.7 1.8 1.6 2.1 1.7 597 506 41 14 1.9
5 25 23 3.2 1.8 1.¢ 242 1.7 523 418 25 13 1.8
6 2% 21 444 1.7 1.6 2.2 1.7 463 345 23 1c 1.3
7 24 20 4.6 1.7 1.¢ 242 3.0 405 287 29 8,8 2.5
2 25 20 4.5 1.7 1.¢ 2.3 7.¢C 359 242 24 7.3 1a
S 2¢ 20 4.8 1.7 1.6 2.3 13 387 199 19 €8 17
io 41 20 4.8 1.7 1.6 2.4 28 423 191 18 o4 16
11 €1 26 4.7 1.7 1.8 2.4 50 446 167 15 4.¢€ 15
12 53 20 4.5 1.7 l1.¢ 2.3 90 498 146 16 4.0 15
13 54 18 4.3 l.¢ 1.5 2.3 12¢ 490 131 22 3.¢ 15
14 s1 16 4.1 1.6 1.5 2.3 168 465 112 24 2.1 14
is 48 e 2.8 1.¢ 1.2 2.2 200 530 103 18 a.c 13
16 «1 14 3,¢ 1.6 1.8 2.1 320 621 226 16 2.5 17
7 46 13 3.4 l.6& 1.¢ 2.0 330 603 570 12 2.7 17
i 44 it 3.2 1.6 1.5 2.0 338 555 481 1c 27 16
12 42 10 3.C 1.6 1.5 1.9 280 466 354 10 2,85 15
20 EL] 10 2.8 1.6 1.8 1.8 200 39¢ 264 9.1 2.5 12
2l 3¢ 8.6 2.7 l.¢ 1.5 1.8 175 372 207 7.9 2.1 11
2 15 €.8 2.5 1.6 1.8 1.8 155 351 162 645 2.2 12
23 31 6.4 2.4 1.6 1.5 1.8 280 319 128 5.7 2.5 11
P 25 £.0 2.3 1.7 l. ¢ 1.8 425 289 103 5.2 2.C 10
Pl 32 5.8 2.2 1.7 1.¢ 1.8 [38] 314 S0 43 1.8 846
i€ 22 S.6 2.1 1.7 le€ 1.8 718 347 89 3.8 1.8 8.0
T 33 Se4 2.1 1.7 1.7 1.9 e84 328 81 3.4 1.6 Te7
2e 2& Sel 2.C 1.7 1.7 2.0 1,150 314 74 3.0 1.4 Te2
25 32 4.6 2.C 1.7 —==—m- 2.0 1,080 833 &S 56 lo4 T.2
23 23 bob 1.6 1.7 ————- 1.9 573 894 69 &7 1.8 5.5
1 23 ——mm—— 1.8 1.7 ~==m-- 1.7  —==—-- 968 —————= 51 Ze4 ————
TUTAL 1,C32.1 423261 107.¢ 52.2 43,5 €3.0 8,677.2 15,917 84077 72845 2CC.S 298.5
“cAh 33,2 l4.4 3.47 1.66 1.517 2.C3 289 513 269 23.5 €.4E 9,95
mAX el 27 S5¢4 1.5 1.7 2.4 1,150 569 889 67 3e 17
MIN Ye3 4.8 1.9 1.6 1.6 1.7 1.7 289 66 3.C 1.4 1.3
AL=FT 24CSC 357 212 1Ca4 87 125 17,210 31,570 164020 14450 i5¢ 562
CAL YR 156¢ TCTAL 26,4085.4 VEAN T1.5 MAX as7 MIN 1.0 AC-FT 51,740

wIR YR 1970 TCTAL 35,630,3 VEAN 97.6 MAX 1,150 MIN 1.3 AC-FT 70,670
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05106500 Roseau River at Roseau Lake, Minn.

LOCATION (REVISED).--Lat 48954'22", long 95949'55",
stream from Sprague Creek, and 7 miles northwest of Roseau.

PERIOD OF RECORD.--November 1939 to current year (incomplete).

in SwySWwy sec.28, T.163 N., R.40 W., Roseau County on down-
stream side of bridge near left bank at Roseau Lake, 3.5 miles upstream from Pine Creek, 3.8 miles down-

GAGE.--Water-stage recorder. Datum of gage is 1,018.59 ft above mean sea level, adjustment of 1928 by Geodetic.

Survey of Canada. Prior to Aug. 26, 1970, nonrecording gage at same site and datum.

reduced to elevations above mean sea level.

Gage readings have been

EXTREMES.--Current year: Maximum elevation observed, 1,035.30 ft May 3; minimum recorded, 1,020.77 ft Aug. 26.
Period of record: Maximum elevation observed, 1,036.86 ft May 13, 1950; minimum observed, 1,019.75 ft

Aug. 16, 1941.
Flood of July 1919 reached an elevation of about 1,034 ft.

GAGE HEIGHT, IN FEET, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OAY ocT NOV © DEC JAN FEB MAR APR
1
2 21.53
3
IS
H
6
7
8
9
10
11
12 26469
13 28.564
14 29.64
15 30,49
16 31.17
17 31.59
18 32.09
19
20 32.69
21 32.59
22 32,41
23 32.31
24 22.72 32,56
25 T 32.94
26 33.38
27 33,64
28
29 . mmmmma

31 —————  ——

NOTE.--Add 1,000.00 ft to obtain elevation above mean sea level.

MAY

35.05
35.15
35.30

35.15

35.05
34.90
34.85
34.73
34.60

35.51
34,67
34,43
34.43
364,67

34,51
34,52
34,52
34,67
34.37

34,25
34.15
34,02
33.82
33.72

33,57
33.52
33,42
33.82
33.97
34.22

JUN

34,42
34,647
34,467
34.42
34,32

34.07
33.99

33.42
33.19

32.59
32.37
32.19
32.24
32.59
33.14
33.38

33.51

JUL

31.59
31.24
30.86
30.51
30.14

29.86
29.39

28.46
27.96

27.36
26.36

23.91
23.56

23.09
23.21

22,41

22.36

AUG
22.26

21.41

21.36

20.96

20.86

20.79
20.83
20.82
20.81
20.90
21.09

SEP

21449
21.68
21,54
21,38
21.24

21.19
21.27
23.14
244,53
23.97

23.10
22.67
22.46
22.31
22.14

22,09
22.05
22,00
21.94
21,86

21,81
21.72
21.64
21.58
21.56

21.56
21.54
21.52
21.58
21.52
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05107500 Roseau River at Ross, Minn.

LOCATION.--Lat 48°54°'37", long 95°55'18", in SE4 sec.27, T.163 N., R.41 W., Roseau County, on left bank 300 ft
downstream from highway bridge, 0.2 mile north of Ross, and 2.3 miles downstream from Pine Creek.

DRAINAGE AREA.--1,220 sq mi, approximately.
PERIOD OF RECORD.--July 1928 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,018.44 ft above mean sea level, adjustment of 1928 by Geodetic
Survey of Canada. Prior to Mar. 13, 1929, nonrecording gage at same site and datum.

AVERAGE DISCHARGE.--42 years, 270 cfs (195,600 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 3,440 cfs May 4 (gage height, 15.99 ft); minimum, 6.2 cfs Aug. 26
(gage height, 1.15 ft).
° Period of record: Maximum discharge, 6,560 cfs May 12, 1950 (gage height, 18.25 ft); no flow Aug. 29, 30,
1961. :
Maximum stage known, about 19 ft in 1896. Other outstanding floods reached the following stages (from
information by local residents): £lood of July 1919, 17.5 ft; flood of 1927, about 16 ft.

REMARKS.--Records good except those for winter months, which are fair. High flow regulated by natural storage
in Roseau Lake. -

REVISIONS (WATER YEARS).--WSP 1055: 1945. WSP 1175: Drainage area. WSP 1308: 1936(M). WSP 1508: 1948-49(P).

DISCHARGE, IV CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TN SEPTEMBER 1970

GAY ey NGV DEC - JAN FER MAR APR MAY JUN JuL AUG SEP
1 2 163 24 23 11 9.0 17 34150 2,720 1,730 10C 33
2 34 10% 25 23 11 9.0 16 3,300 2,750 1,640 B3 47
s 36 109 25 23 11 9.5 16 3,360 2,750 1,550 71 42
4 45 117 26 23 11 9.5 16 3,390 2,720 14470 62 32
5 60 111 27 23 10 9.5 17 34360 2,690 1,370 52 25
6 72 104 27 23 10 10 17 35250 2,610 1,280 44 23
7 79 96 28 23 10 10 13 3,140 2,550 1,190 42 24
& 86 93 28 23 10 10 21 3,110 2,450 1,100 33 147
9 e7 91 28 22 10 10 24 34100 2,370 998 25 329
10 99 92 27 22 10 10 30 2,990 2,300 891 20 2719
1 143 93 27 21 10 10 50 25900 2,230 770 18 186
12 164 5 26 21 10 11 130 2,820 2,150 681 16 139
13 154 39 26 20 19 11 450 2,780 2,050 629 14 120
14 147 79 25 19 10 12 730 2,740 1,970 515 12 107
15 144 65 25 19 10 12 780 2,760 1,910 431 1 94
1o 141 55 25 18 10 13 240 24760 1,880 359 1 89
17 141 47 25 17 10 13 900 24760 1,930 303 9.3 87
1y 138 42 25 17 9.5 14 14150 2,760 2,030 257 9.7 84
19 133 37 24 16 9.5 14 14550 2,750 2,130 , 219 9.3 80
20 124 34 264 15 9.5 14 1,720 2,740 2,220 %193 9.3 T4
21 117 31 24 14 9.5 14 19900 2,690 2+280 172 B.9 69
22 116 29 24 13 9.0 14 1,920 2,630 2,320 129 8.5 64
23 117 28 24 13 9.0 14 1,920 2,580 2,290 95 8.9 57
24 112 28 24 12 9.0 14 2,000 2,510 2,280 80 8.5 51
25 108 29 24 12 9.0 15 2,100 2,410 2,230 72 T.7 49
26 107 30 24 12 9.0 15 2,230 24390 2,160 66 7.0 48
27 101 29 23 12 9.0 15 24390 2,390 2,080 60 7.0 46
28 98 27 23 11 9.0 16 24600 2,380 1,980 52 Te4 44
29 98 25 23 B 17 24730 2,450 1,890 69 7.7 47
30 100 24 23 11 ===eee 17 2,880 24560 1,820 131 9.7 45
3 106 ==—=em 23 11 =—eeee 17 —————— 24670 ==—=-- 123 14 ——————
TOTAL 3,227 14937 776 543 275.0 388.5 31,162 87,580 67,740 184625 T46.9 24561
MF AN 104 64.6 25.0 17.5 9,82 12.5 1,039 2,825 2,258 601 24.1 85.4
MAX 164 117 28 23 11 17 2,880 3,390 2,750 1,730 100 329
MIN 26 24 23 11 9.0 9.0 16 24380 14820 52 7.0 23
AC-FT 69400 34840 15540 1,080 545 771 61,810 173,700 134,400 36,940 1,480 5,080
CAL YR 1969 TOTAL 133,559 MEAN 366 MAX 3,470 MIN 17 AC-FT 264,900

wWTR YR 1970 TOTAL 215,561l.4 MEAN 591 MAX 3,390 MIN 7.0 AC-FT 427,600
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05112000 Roseau River below State ditch 51, near Caribou, Minn.
(International gaging station)

LOCATION.--Lat 48°58'54", long 96°27'46", in SE%SW% sec. 34, T.164 N., R.45 W., Kittson County, on left bank 400
ft downstream from State ditch 51 (known locally as Caribou cutoff ditch) and 0.6 mile west of Caribou.

DRAINAGE AREA.--1,570 sq mi, approximately.

PERIOD OF RECORD.--April to October 1917, April 1920 to current year (some winter records incomplete). Published
as “"at Caribou", prior to April 1929; as "below Cutoff ditch, near Caribou" April 1929 to September 1936.
Records published for both sites April 1929 to September 1930. Monthly discharge only for some periods, pub-
lished in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 1,002.14 ft above mean sea level, adjustment of 1928, by Geodetic
Survey of Canada. Prior to Apr. 1, 1929, nonrecording gage at site at Caribou 0.6 mile upstream at datum 0.95
£t lower.

AVERAGE DISCHARGE.--15 years (1920-30, 1932-33, 1936-37, 1940-43), 298 c¢fs (215,700 acre-ft per year).

EXTREMES.--Current year: Maximum discharge, 2,940 cfs May 15 (gage height, 10.05 ft); minimum dai‘ly recorded, 19
cfs Aug. 24, 25, 26.

Period of record: Maximum discharge, 4,080 ¢fs May 19, 1950 (gage height, 11.81 £t); no flow Aug. 13, 1936.
Flood of 1916 is reported to have reached a stage of about 15.5 ft at former site.

REMARKS.--Records good except those for periods of ice effect or no gage-height record, which are fair. Occasion-
ally, at high stages, there is some natural diversion of flow above station to headwaters of Two Rivers. Sta-
tion is not operated during winter period.

COOPERATION.--This station is maintained by the United States under agreement with Canada.

REMARKS . --Records good. Occasionally, at high stages, there is some natural diversion of flow above station to
headwaters of Two Rivers. Station is not operated during winter period.

COOPERATION.--This station is maintained by the United States under agreement with Canada.

REVISIONS (WATER YEARS).--WSP 1308: 1938(M). WSP 1508: 1917(M), 1920, 1932(M), 1934-35(M). WSP 1913: 1954(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

nay ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 67 136 52 27 24510 2486C 24290 165 36

2 67 140 51 27 24560 258102 29250 134 45

3 73 138 50 27 2,600 2,780 24220 105 66

4 80 134 49 28 2,620 2,750 2,180 83 68

5 88 13¢C 28 2,680 29730 2,160 [ 63

6 102 129 29 29710 2971C 2,130 63 54

7 116 126 30 2,730 24690 2,090 56 63

8 129 124 34 2,750 246BC 24030 51 80

9 134 120 36 24840 29670 1,980 46 167
10 145 118 42 2,880 24670 1,920 43 342
11 169 115 60 24900 2,750 1,860 38 342
12 218 113 100 24910 2,770 1,800 34 254
13 239 104 160 24890 2,750 1,75C 33 184
14 222 68 350 24880 24690 1,670 2% 152
15 214 9% 60C 24930 24660 14560 28 136
16 202 90 780 24910 24640 1,430 25 118
17 194 8¢ 83C 24850 24650 1,240 24 105
18 19¢ T6 87¢C 24800 2, 600 1,010 26 102
19 186 T4 . 920 25750 24550 B46 26 94
20 179 Tl 1,000 24740 25520 656 24 sl
21 177 69 1,100 2,750 2,470 . 507 22 83
22 160 68 1,220 24740 2,430 403 22 15
23 152 67 1,430 2,720 24400 315 22 75
24 152 66 1,890 2,690 24360 222 19 67
25 149 64 2,03C 24720 2,350 177 19 67
26 143 61 2,15C 2,7C0 2,370 145 21 64
27 152 59 249240 24690 24360 120 23 59
28 162 sS7 24350 2,700 2,350 104 26 58
29 131 55 ————— 24440 24880 2,320 92 28 56
30 125 53 ———— 29480 24900 2,310 97 38 57
31 129 ~—-ee- ——mw—— ———— 2,870 —————— 158 38 —————
TOTAL 44646 21799 25,308 85,800 774650 37,412 14382 3,223
MEAN 150 93.3 844 29768 2,588 1,207 44e 6 107
MAX 239 140 2,48C 24930 2,860 2,290 145 342
MIN 67 53 27 2,510 2,310 92 19 36

AC-FT 9,220 54550 50,200 170,200 154,000 T4,210 24740 649390
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05124480 Kawishiwi River near Ely, Minn.
(Hydrologic bench-mark station)
LOCATION.--Lat 47°55'22%, long 91°32'06", in SF sec.24, T.63 N., R.10 W., Lake County, on left bank upstream
from rapids, 2 miles upstream from South Kawisghiwi River, 2.2 miles southwest of Fernberg Lookout Tower and
14 miles east of Ely.
DRAINAGE AREA.--253 sq mi.
PERIOD OF RECORD.--June 1966 to current year.
GAGE.--Water-stage recorder. Altitude of gage is 1,450 ft (from topographic map).
EXTREMES.--Current year: Maximum discharge, 1,470 cfs June 13 (gage height, 5.83 ft); minimum, 41 cfs Aug. 27;
minimum gage height, 2.90 ft Sept. 30.
Period of record: Maximum discharge, 1,540 cfs Apr. 29, 1969 (gage height, 5.88 £t); minimum, 24 cfs Sept.
28, 29, 1966; minimum gage height, 2.70 £t Feb, 23-29, 1968.

REMARKS , --Records goocd. Records of chemical analyses and water temperatures for the water year 1970 are pub-
lished in Part 2 of this report.

DISCHARGE, IN CUBIC FEET PER SECONDy WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 122 135 186 143 9% 65 56 600 14300 565 115 46

2 122 143 186 139 91 65 54 710 1,270 525 110 46

3 122 144 184 137 90 68 54 850 1,250 491 103 46

4 122 146 176 135 1] T2 54 1,000 1,210 459 100 48

-] 122 150 176 134 [.1] 69 54 1,070 1+160 433 96 48

6 122 154 176 130 86 68 54 1,100 1,120 407 92 50

7 122 161 179 128 85 68 54 1,130 1,080 412 91 51

8 122 163 179 127 84 68 55 15140 1,020 422 88 51

9 122 165 179 127 82 66 56 1,160 981 397 84 51
10 122 165 179 122 82 65 57 1,160 1,330 373 82 52
11 122 167 179 122 82 64 58 1160 1,410 344 79 52
12 123 169 179 122 a1 63 60 1,150 11440 322 L&l 52
13 123 172 179 120 79 62 65 1,110 1,460 308 73 53
14 123 174 179 116 78 62 T2 1,070 1,410 2B7 70 53
15 122 176 174 115 17 62 82 1,040 1+320 2715 T2 53
16 122 176 172 115 76 62 100 1,020 14260 258 70 54
17 120 179 172 115 T6 62 110 981 1,1B0 236 68 54
18 118 186 167 111 76 60 120 939 10120 222 65 54
19 118 192 165 108 73 59 130 a97 1,060 213 62 56
20 116 192 163 107 72 58 140 943 1,010 206 58 5T
21 115 192 161 105 T2 57 150 1,230 960 197 S4 57
22 115 194 158 103 70 5T 170 1,200 918 186 53 57
23 113 194 158 103 7¢ 57 195 1,220 869 176 52 57
24 111 194 154 103 69 57 225 1,240 829 169 50 57
25 113 194 154 103 68 57 255 1,260 782 161 44 56
26 122 189 154 103 68 57 280 1,270 135 154 44 54
27 122 189 154 99 66 57 310 1,280 102 150 42 53
28 122 189 150 97 6¢€ 56 350 1,290 670 144 44 52
29 122 186 148 97 eemee- 56 420 15300 633 137 45 51
30 122 189 146 96 —e———- 56 500 1,300 596 132 4«5 5¢C
31 125  ~ewe-- 144 96  ——e——- 56  m==——- 1,300 —wo——- 125 46  —emm—-
TOTAL 3,729 59219 5,210 3,578 2,187 1,911 49340 34,120 32,085 84886 24174 1,571
MEAN 120 174 168 115 T8a1 61.6 145 1,101 1,070 287 70.1 5244
MAX 125 194 186 143 9% 72 500 1,300 14460 565 115 57
MIN 111 135 144 96 66 56 54 600 596 125 42 46
CFsSH o471 269 <66 45 31 o 24 «57 4e35 4e23 1.13 .28 21
INe «55 «77 « 77 53 032 28 b4 5.02 4e 72 1.31 «32 «23

CAL YR 1969 TOVAL 93,387 MEAN 256 MAX 1,540 MIN 72 CFSM 1,01 IN 13,73
WTR YR 1970 TOTAL 105,010 MEAN 288 MAX 1,460 MIN 42 CFSM 1.14 IN 15.44
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05127000 Kawishiwi River near Winton, Minn.

LOCATION.--Lat 47°56'05", long 91°45'50", in NENWY sec.20, T.63 N., R.1ll W., Lake County, at powerplant of
Minnesota Power & Light Co., just upstream from Fall Lake, and 1.8 miles east of Winton.

DRAINAGE AREA.--1,200 sq mi, approximately.

PERIOD OF RECORD.--June 1905 to June 1907, October 1912 to September 1919 (fragmentary), September 1923 to
current year. Monthly discharge only for some periods, published in WSP 1308.

AVERAGE DISCHARGE (UNADJUSTED) .--51 years (1905-06, 1915-17, 1918-19, 1923-70), 998 cfs (11.29 inches per year) .

EXTREMES.--Current year:
Period of record:

Maximum daily discharge, 6,780 cfs May 8; minimum, no flow Sept. 6.
Maximum daily discharge, 16,000 cfs May 18, 1950; no flow at times.

REMARKS,--Records good except those above 2,000 cfs, which are fair. Daily discharge computed from powerplant
records. Flow regulated by powerplant and by Camp Six, Bald Eagle, Gabbro, Little Gabbro, Birch, White Iron,
South Farm, and Garden Lakes.

COOPERATION.--Records collected by Minnesota Power & Light Co., under general supervision of Geological Survey,\
in connection with a Federal Power Commission project.

DISCHARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
/

DAY ocT NOV 0€C JAN FEB MAR APR MAY JUN JUL AUG sep
1 901 866 928 499 337 %02 480 3,980 54040 1,370 252 244
2 836 866 960 469 390 402 480 4,750 4,860 1,200 129 670
3 868 866 992 469 369 370 448 5,470 4,740 14220 279 389
4 804 950 1,020 469 369 467 444 5,770 44510 1,220 167 346
5 836 992 960 501 369 341 398 64620 44320 1,220 134 261
6 836 1,020 992 469 337 371 427 6,490 4,110 1,220 167 o
7 836 1,020 992 469 337 338 459 6,550 3,680 1,380 135 129
8 901 1,060 960 sol 337 368 459 6,780 3,370 1,090 97 174
9 836 1,020 960 469 337 368 459 6,750 3,250 933 97 174
10 804 1,020 895 469 337 374 459 6,650 41640 988 - 200 206
11 804 1,060 863 469 337 336 459 6,500 5,990 956 135 206
12 836 960 891 469 337 379 459  6,39) 6,440 956 168 206
13 836 1,090 799 469 337 400 459 6,030 6,630 1,090 135 303
14 m 960 863 469 305 368 459 5,680 64540 956 285 206
15 804 992 790 %37 337 336 556 5,270 64260 14220 238 271
16 836 992 730 469 337 400 755 4,840 5,430 1,090 6% 206
17 804 960 640 404 337 368 742 4,720 5,480 988 154 2n
18 804 960 621 404 337 304 831 49220 4,820 831 256 206
19 836 960 «91 404 340 394 912 4,080 4,420 799 147 206
20 804 960 463 469 372 507 1,010 3,850 4,180 795 177 271
21 770 960 375 404 436 531 10220 4,090 3,690 859 209 864
22 802 960 435 402 402 561 1,230 5,600 3,280 988 115 407
23 785 900 477 337 370 529 1,450 5,320 2,700 891 129 349
24 695 895 546 369 333 560 1,560 5,150 2,540 859 80 238
25 727 960 551 337 402 527 1,760 5,260 2,550 769 274 330
26 716 863 537 402 402 527 1,850 5,090 2,450 633 145 297
27 762 928 467 337 402 527 2,260 4,980 2,380 628 177 350
238 129 960 499 %02 370 545 2,400 5,010 2,270 531 80 350
29 T46 928 499 337 —mmeeo 512 2,920 5,170 1,950 494 149 317
30 893 895 499 337 —-—--- 480 3,380 5,170 1,840 374 147 447
31 834  —m-mo- 467 PR} — 480  ——m--- 5,170 ===m-- 342 147 -=----
TOTAL 24,902 8,883 22,162 13,248 10,017 13,372  3k4185 167,400 124,360 28,890 5,068 8,894
MEAN 805 963 715 427 358 431 1,040 5,400 41145 932 163 296
MAX 901 1,090 1,020 501 436 561 3,380 6,780 64630 1,380 285 364
MIN 695 863 3715 337 305 304 398 3,850 1,840 342 64 0
(#) -95 +62 -107 -25 -84 -195 +329 +221 +45 -18 -30 -36
MEAN # 710 1,025 608 402 274 236 1,369 5,621 4,190 914 133 260
CFSM # 0.59 0.85 0.51 0.34 0.23 0.20 1.14 4,68 3.49 0.76 0.11 0.22
IN. ¢ 0.68 0.95 0.58 0.39 0.24 0.23 1.27 5.40. 3.90 0.88 0.13 0.24
CAL YR 1969 TOTAL 519,940 MEAN 1,424 MAX 8,620 MIN 226 MEAN # 1,408 CFSM # 1.17 IN. # 15.93
WAT YR 1970 TOTAL 478,441 MEAN 1,311 MAX 6,780 MIN 0 MEAN # 1,316 CFSM ¢ 1.10 IN. # 14.89

. # Changes in contents, equivalent in cubic feet per second, in Camp Six, Bald Eagle, Gabbro, Little Gabbro,
8irch, b_lhite Iron, Farm, South Farm, and Garden Lakes.
# Adjusted for change in reservoir contents.
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05127205 Burntside River near Ely, Minn.
LOCATION.--Lat 47°54'55", long 91°56'59", in NEMNEX% sec.26, T.63 N,, R.13 W., St. Loﬁin County, on, lefi: bank on
downstream wingwall of bridge on COunty Road 88, 2.5 miles upstream from mouth, 4 miles northwest of Ely and
S miles downstream from outlet on Burntside Lake.
PERIOD OF RECORD.--May 1967 to current year.
GAGE.--Nonrecording gage read once daily. Altitude of gage is 1,340 ft (from topographic map) .

EXTREMES .--Current year: Maximum discharge, 455 cfs June 12 (gage height, 8.59 £t, from £loodmark); minimum
observed, 6.4 cfs Oct. 24 (gage height, 5.55 ft).
Period of record: Maximum discharge, 455 cfs June 12, 1970 (gage height, 8.59 ft, from £loodmark) ; mini-
mum daily discharge, 0.8 cfs Oct. 6, 7, 1967.
REMARKS ,--Records good except those for winter months, which are fair.

COOPERATION.--Gage readings furnished by the Water Quality Office, Environmental Protection Agency.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY acT  ° NOv DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 17 10 18 18 20 18 16 172 260 139 76 12
2 17 13 18 18 20 18 16 170 . 250 128 68 25
3 17 15 17 17 20 18 15 164 241 120 61 40
4 17 16 17 17 20 18 15 160 230 112 55 40
5 16 17 17 17 19 18 16 163 221 105 53 36
6 16 17 17 17 19 18 16 161 210 103 52 34
7 16 17 18 16 18 18 17 156 200 103 50 32
8 16 18 18 16 18 18 18 160 191 113 48 30
9 15 18 19 16 18 18 20 158 185 111 %6 29
10 15 .18 20 16 17 18 22 157 330 107 44 38
11 15 18 20 16 17 18 26 154 412 111 43 37
12 15 18 20 16 17 18 30 145 448 117 41 32
13 15 18 20 16 17 18 34 142 440 124 38 30
14 14 18 20 16 17 18 36 139 412 118 36 28
15 13 18 20 16 17 17 40 132 388 139 34 28
16 13 19 20 16 17 17 46 130 367 134 o 32 27
17 S 12 19 19 16 17 17 42 126 339 128 31 24
18 11 19 19 17 17 17 41 124 313 124 29 21
19 9.0 19 19 17 17 17 48 118 293 122 26 20
20 7.6 19 18 17 17 17 60 122 2715 120 .22 30
21 © Tes 18 18 17 17 17 57 222 255 113 19 41
22 1.2 18 18 17 17 17 63 .326 241 110 21 36
23 7.6 18 18 17 17 17 70 333 223 103 20 4l
26 6.4 19 17 18 17 17 76 333 213 100 18 49
2 7.5 19 Y 18 17 17 92 319 202 97 17 58
26 8.5 19 17 18 17 17 110 303 188 9 16 56
27 8.3 19 18 19 17 16 138 2717 175 90 14 50
28 8.0 19 18 19 17 16 156 282 165 92 13 43
29 7.6 18 18 20 ———— 16 165 272 153 87 13 41
30 7.2 18 18 20 —m———- 16 172 272 149 83 12 40
3 N e — 18 20 mm——e- 16 ——--- 263  memm—— 79 12 —————-

TUTAL 370.3 526 569 534 495 536 1,671 64155 75969 34426 1,060 1,048

MEAN 1l.9 17.6 18.4 17.2 17.7 17.3 55.7 199 266 111 34.2 34.9

mAX 17 19 20 20 20 18 172 333 448 139 76 58

MIN 6.4 10 17 16 17 16 15 118 149 19 12 12

CAL YR 1969 T3TAL 22,886.3 MEAN 62.7 MAX 233 MIN 6.4
wAT YR 1970 TOTAL 24,362.3 MEAN 66.7 MAX 443 MIN 6.4
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05127210 Armstrong Creek near Ely, Minn.

LOCATION (revised).~~Lat 47°53'48", long 91°55'50", in SWYNE% sec.36, T.63 N., R.13 W., St. Louis County, near
right bank 50 ft upstream from culvert on County Road 88, 1.2 miles upstream from mouth and 2.5 miles south-
west of Ely.

DRAINAGE AREA.-~5.29 sq mi.

PERIOD OF RECORD.~-May 1967 to current year.

GAGE.~-Nonrecording gage read once daily and crest-stage gage. Altitude of gage is 1,365 ft (from topographic
map) . Prior to Oct. 1, 1969, at site 100 ft downstream at same datum.

EXTREMES . ~~Current year: Maximum discharge, 131 cfs May 21 (gage height, 5.88 ft, from floodmark):; minimum
daily, 0.2 cfs Mar. 28 to Apr. 4.
Period of record: Maximum discharge, 131 cfs May 21, 1970 (gage height, 5.88 ft, from floodmark): no flow
Peb, 28 to Mar. 6, 1968.
REMARKS , ~~Records good except those for winter months, which are fair.

COOPERATION.--Gage readings furnished by Water Quality Office, Environmental Protection Agency.

DISCHARGE, IN CUBIC FEET PER SECONDy WATER YEAR OCTYOBER 1969 VYO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 1.7 8.5 1.1 «50 .70 .30 «20 31 17 2.1 1.0 «90
2 1.6 1.7 1.1 «50 .80 «30 «20 27 16 2.0 1.0 12
3 1.3 6.3 1.0 +40 «80 <30 .20 23 14 3.1 <90 7.3
4 lo4 5.2 1.0 .40 <80 «30 .20 21 12 2.3 <90 3.2
s 1.6 4.6 1.0 <40 «80 .30 <40 20 8.6 1.7 <90 1.6
6 1.3 4,2 «90 «40 «80 <30 1.2 18 Tt 1.5 .80 1.1
7 1.3 4.0 <90 <40 «80 .30 8.0 16 6e6 1e7 «80 .90
8 1o 3.8 .90 «40 <80 .30 11 14 6.0 4.0 .80 <80
° 1.2 3.5 <80 «40 .70 30 13 23 5.5 2.6 .70 «80
10 1.3 3.0 <80 <30 .70 .30 12 20 50 2.0 .70 1.6
11 1.4 2.6 .80 <30 .70 .30 1 17 94 1.6 <60 1.2
12 1.5 2.3 <80 .30 «70 «30 10 15 56 1.6 <50 «90
13 1.3 2.1 .70 .30 .70 «30 10 13 a5 17 <50 <70
16 1.2 2.0 .70 «30 <70 «30 1 11 23 14 «50 .70
15 1.0 1.9 .70 +30 +60 °40 13 14 18 29 «60 1.0
16 1.0 1.8 .70 «30 «60 «40 18 19 14 24 <80 1.0
17 1.3 1.7 .70 <30 «60 <40 19 15 12 14 «60 .80
18 1.1 1.7 .70 «30 «60 %0 17 12 11 10 «60 <90
19 1.0 1.6 .70 .30 «50 «40 15 10 9.2 8.5 <60 1.5
20 .90 1.6 <60 «30 +50 40 16 11 7.8 6.0 «50 13
21 .90 1.5 «60 «30 «50 40 14 106 6e7 4.5 40 20
22 <90 1.5 «60 «30 «50 40 16 75 5.7 3.4 <30 14
23 <80 1.5 *60 <%0 «40 <%0 15 62 4.8 2.8 «40 11
24 «80 1eb «60 <40 <40 «30 18 31 4.8 2.2 «40 5.4
2s 2.0 leé «60 <50 <40 «30 26 27 4.0 2.0 %0 3.9
26 245 1.3 .60 «50 <40 «30 31 24 4.0 2.4 «30 3.3
27 1.9 1.2 «60 «60 «30 .30 36 21 3.6 2.0 1.1 2.0
28 1.6 1.2 «50 «60 «30 «20 48 17 3.4 1.6 «50 2.1
29 1.4 1.2 «50 Y J— «20 84 15 2.0 1eé «40 1.6
30 1.4 1.2 <50 P 7 J— «20 37 19 2.5 1.3 .60 1.6
31 2.9 meemem «50 P 7 J— 020  meeee— P J—— 1.1 070 —memee
TOTAL 42.90 83.5 22.80  12.70 17.10 9.80  509.40 746 £65.6 173.2  19.80 117.80
MEAN 1.38 2.718 74 <41 61 .32 17.0 26,1 15.5 5.59 64 3,93
MAX 2.9 8.5 el .70 «80 <40 84 106 9% 29 1e1 20
HIN <80 1.2 <50 <30 .20 20 .20 10 2.5 1.1 «30 .70
CAL YR 1969 TOTAL 1,775.10 MEAN 4.86 MAX 61 «50
WAT YR 1970 TOTAL 2,220.60 MEAN 6.08 MAX 106 <20
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05127215 Longstorff Creek near Ely, Minn.

83

LOCATION.--Lat 47°53'33", long 91°54'55", in SE%Swl sec.31, T.63 N., R.12 W., St. Louis County, left bank on
downstream side of culvert of U.S. Highway 169, 0.7 mile upstream from mouth, 1.5 miles southwest of Ely and

2.5 miles downstream from outlet of Mitchell Lake.

DRAINAGE AREA.--8.84 sq mi.

PERIOD OF RECORD.--May 1967 to current year.

3AGE.--Nonrecording gage read once daily and crest-stage gage. Datum of gage is 1,360.67 £t above mean sea

level, datum of 1929 (levels by Minnesota Highway Department).

EXTREMES.--Current year:

cfs Aug. 26 (gage height, 0.56 ft).
Period of records
flow on many days in 1968 and May 7., 1969.

REMARKS.--Records good.

COOPERATION.--Gage readings furnished by Water Quality Office, Environmental Protection Agency.
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1 1.2
2 1.2
3 «9C
4 1.0
5 1.7
6 1.5
T 1.3
8 1.5
9 1.3
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11 1.2
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13 1.1
14 1.0
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16 1.0
17 l.1
18 lel
19 l.1
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26 +90
25 1.3
26 246
27 2.2
28 1.8
29 1.8
30 1.8
31 2.9
TOTAL 42416
MEAN 1.36
MAX 2.9
MIN 90

CAL YR 1969 TOTAL 2,974,.90
WAT YR 1970 TOTAL 3,668,900
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05127220 Burgo Creek near Ely, Minn.

in SWyNW% sec.22, 'T.63 N., R.12 W., St. Louis County, near right bank

LOCA - Oce139n 1°51 1 40"
e T oo ol ondverts on Ca ile upstream from mouth and 1.5 miles north of El}(.

6 ft upstream from twin culverts on County Road 88, 0.5 m

DRAINAGE AREA.--3.04 sq mi.
PERIOD OF RECORD.--May 1967 to current year.

GAGE.--Nonrecording gage and crest-stage gage; gage read once daily. Altitude of gage is 1,340 ft (from topo-
graphic map) . . . . .
i i ) “'from
EXTREMES.--Current year: Maximum discharge, 732 cfs June 10 (gage height, 12.14 ft, from floodmark) , ]
rating curve extzzded above 150 cfs on basis of flow through culvert and flow—oyer-rc_»ad measﬁrexq,ent: 'of peak

flow; minimum daily, 0.1 cfs on several days in February, March, ‘and August. )
Period of recon‘yllz Maximum discharge, 732 cfs June 10, 1970 (gage height, 12.14 ft, from floodmark) , from
rating curve extended above 150 cfs on basis of flow through culvert and flow-over-road measurement of peak

flow; no flow at times in 1967, 1968.

REMARKS.--Records fair. )
COOPERATION.--Gage readings furnished by Water Quality Office, Environmental Protection Agency.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
DAY ocr NOV DEC JAN FEB MAR' APR MAY JUN UL AUG SEP
1 «40 3.0 1.0 «30 «30 .10 .40 15 16 «50 «30 .20
2 «40 3.9 1.1 «30 .30 .20 .40 11 13 « 40 «30 1.3
3 40 3.3 1.2 «30 .20 «20 «30 9.5 12 «60 .20 «90
4 °40 3.3 1.1 «30 .20 «20 «30 846 10 «50 .20 «60
5 «50 3.0 1.0 «30 .20 .20 40 8.0 11 .30 .20 «50
6 «80 2.8 «90 .30 «20 «20 «50 7.3 8.5 *30 «20 «40
7 1.0 2.7 «90 +30 .20 .20 2,0 5.8 6.5 «30 »20 «40
e 1.0 2.5 +90 «30 «20 .20 12 S.4 S 2.6 «20 «30
9 1.0 2.2 «80 «30 «20 .10 15 8.5 5¢2 les «20 «30
10 «90 1.9 .80 «30 «20 «10 14 7.8 153 .70 .20 «50
11 «90 1.8 «80 «30 *20 .10 12 6.2 52 «50 .20 40
12 1.0 1.7 « 80 .20 .20 .20 10 5.4 29 <80 .20 40
13 1.2 1.7 « 80 «20 .10 .20 11 5.0 24 .60 «20 .30
14 1.2 1.6 «70 «20 .10 .20 12 3.7 21 +50 .20 «30
15 1.0 1.6 «T0 «20 .10 .20 13 442 18 Se4 «50 40
16 1.0 1.5 «70 «20 .10 .20 17 5.5 17 3.1 «30 240
17 1.0 1.5 «60 .20 .10 «20 19 4.0 15 1.6 °20 +30
18 1.0 1.5 «60 «20 .10 «30 18 3.2 13 «90 .20 «30
19 1.1 1.4 «60 «20 .10 «30 15 2.6 11 «60 .10 «30
20 1.1 le4 «60 .20 .10 .30 12 72 8.4 .70 .10 1.0
21 1.1 1.3 +60 .20 .10 «30 11 140 646 .70 .10 12
22 1.2 1.2 «50 .20 .10 40 11 36 4e8 .60 «40 13
23 1.2 1ol +50 «30 .10 «40 12 23 440 +50 «30 10
24, .0 1.1 «50 «30 10 %0 13 20 2.3 %0 «20 8.2
25. 1.3 1.0 «50 «30 .10 «40 40 19 1.6 %0 «20 beb
26 2.2 1.0 «40 «30 o110 .40 68 17 a4 «30 _e10 640
27 1.7 1.0 .40 «30 .10 «40 53 16 1.0 «30 «20 8.0
28 le4 1.0 40 «30 «40 40 13 «80 «30 .10 5.8
29 1.5 1.0 40 «30 «40 28 12 .70 «30 .10 3.1
30 1.5 1.0 «30 «30 «40 19 16 «60 «30 «20 2.4
31 1.8 ————- +30 «30 Y R 15 ———— «30 020 ——--em
TOTAL 33,20 55.0 21440 8.20 4420 8,20 476.30 524.7 470,80 26.70 6.50 84.60
MEAN 1.07 1.83 .69 .26 .15 °26 15.9 16,9 15.7 .86 .21 2.82
MAX 2.2 3.9 1.2 «30 «30 .40 68 140 153 Sed «50 13
MIN «40 1.0 «30 «20 .10 .10 «30 2.6 .60 «30 .10 .20
CAL YR 1969 TOTAL 1,099,20 MEAN 3.01 MAX 67 MIN .10
WAT YR 1970 TOTAL 1,719.80 MEAN 4,71 MAX 153 MIN .10
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05127225 Shagawa Lake at Ely, Minn.

LOCATION.--Lat 47°954'18", lang 91°53'00", in NENE) sec.33, T.63 N., R.12 W., St. Louis County, on south shore
of Shagawa Lake, on east pier of dock at U.S. Forest Service Seaplane Base in Ely.

PERIOD OF RECORD.--April 1967 to current year. April 1962 to July 1966 (fragmentary) in files of Minnesota De-
partment of Conservation, Division of Waters, Soils and Minerals. \

GAGE.~-Nonrecording gage read once daily, Datum of gage is 1,330.00 ft above mean sea level, adjustment of 1929
(levels by Minnesota Department of Congervation). Gage readings have been reduced to elevations above mean
sea level.

EXTREMES . ~-Current year: Maximum elevation observed, 1,340.22 ft June 13: minimum observed, 1,337.25 ft Oct. 24.
Pctiodlof record: Maximum elevation olkserved, 1,340.22 £t June 13, 1970; minimum observed, 1,336.91 ft
Feb. 26 968.
lhxi;un elevation observed April 1962 to July 1966, 1,339.95 ft Apr. 27, 28, 1966, from Minnesota Depart-
ment of Conservation, Division of Waters, Soils, and Minerals.

COOPERATION.~-Gage readings furnished by Water Quality Office, Environmental Protection Agency and U.S. Forest

Service.
DAILY ELEVATIONS, IN FEET, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
Octe 31 ceececeess 1337.33 Feb. 27 cceovvesss 1337.29 June 30 .......... 1338.97
Nove 28 eeececsees 1337.44 Mar. 31 .......0.0 1337.30 July 31 .......... 1338.15
DeCe 31 cceceeesss 1337.40 Apr. 30 ...c0c.... 1338.91 Aug. 31 .......... 1337.35
Jan. 30 .ccce00.00 1337.358 May 31 ..cccccee. 1339.62 Sept.30 .......... 1337.68

NOTE.~-Elevations other than those shown are available.
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05127230 shagawa River at Ely, Minn.

LOCATION.--Lat 47°55'09", long 91°50'08", in SWiSW§ sec.23, T.63 N., R.12 W., St. Louis County, on right bank,
300 ft downstream from outlet of Shagawa Lake, 150 ft north of the village limits of Ely, 0.8 mile upstream
from County Road 88 and 3 miles upstream from Fall Lake.

PERIOD OF RECORD.--May 1967 to current year.

GAGE.--Water-stage recorder. Altitude of gage is 1,335 ft (from topographic map). Prior to Aug. 2, 1967, non-
recording gage at same site and dstum.

EXTREMES.--Current year: Maximum discharge, 640 cfs June 12 (gage height, 6.89 ft): minimum, 20 cfs Oct. 24
(gage height, 4.17 ft).
Period of record: Maximum discharge, 640 cfs June 12, 1970 (gage height, 6.89 ft); minimum, 6.2 cfs Mar.
4, 1968 (gage height, 3.74 ft).
REMARKS .--Records gocd.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 197C

DAY ocTY Nov DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 28 28 34 29 30 26 26 262 388 251 111 25
2 28 29 34 29 30 25 25 270 374 245 104 40
3 26 31 33 28 29 28 25 277 363 23¢ 95 49
4 27 32 32 28 30 28 26 279 348 222 B7 49
5 28 32 3 27 28 28 25 279 336 211 83 &7
6 29 33 32 27 28 28 26 279 327 203 81 46
7 31 34 34 25 28 28 27 2717 312 205 75 47
8 30 3¢ 35 25 28 28 31 268 301 209 73 45
9 27 34 36 25 28 28 34 264 290 207 69 46
1C 29 34 36 25 27 28 36 262 395 199 67 48
11 27 35 3¢ 27 27 27 39 258 53¢ 192 64 45
12 26 35 36 27 27 27 42 253 615 192 60 46
13 25 35 36 27 27 27 43 243 635 203 57 42
14 27 35 36 27 27 27 47 236 620 205 56 41
15 25 37 36 29 27 26 51 232 585 222 55 42
16 24 35 36 29 27 26 57 230 550 228 51 43
17 24 36 36 29 27 26 65 226 514 222 46 42
18 24 37 35 30 27 25 69 220 483 207 43 4l .
19 22 37 34 29 26 25 73 216 441 2C3 42 39
20 22 36 34 30 26 25 a8 232 411 201 43 37
21 21 35 34 30 26 25 86 395 388 194 38 58
22 21 36 324 29 27 25 90 487 369 188 39 63
23 20 36 33 3c 26 25 101 509 351 176 38 61
24 20 36 32 32 26 25 104 5C4 332 168 38 60
25 21 36 33 31 25 25 1l 509 314 162 36 62
26 25 34 32 32 27 25 127 478 305 154 34 61
27 25 34 32 33 27 25 158 449 292 150 34 60
28 24 34 3l 33 26 25 197 434 281 142 32 59
2¢ 23 34 31 33 —e———— 25 224 411 272 131 30 59
3n 23 34 30 32 mm———— 27 247 408 260 127 28 58
31 25  eeme—- 30 32 ————— 26 —————— 395 -—————— 123 28 —eeee-
TOTAL 77 1,028 14944 899 764 814 29292 14342 11,988 54972 1,737 1,459
MEAN 25,1 34,3 33.7 29,0 27.3 2603 Tt 324 400 193 56.C 4846
MAX 31 37 36 33 30 28 247 5G9 635 251 111 63
MIN 20 28 30 25 25 25 25 216 26C 123 28 25

CAL YR 1969 TOTAL 34,724 MEAN 95,1 MAX 358 MIN 2C
WAT YR 197C TOTAL 38,816 MEAN 106 MAX 635 MIN 20
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05127500 Basswood River near Winton, Minn.

I (International gaging station)

LOCATION.--Lat 48°04'55", long 91°39'10", in sec.30, T.65 N., R.10 W., Lake County, on igland in Jackfish Bay of
Basswood Lake, used to determine discharge at outlet (lat 48°06', long 91°39', in sec.l9, T.65 N., R.10 W.,
on international boundary 14 miles northeast of Winton).

DRAINAGE AREA.--1,740 sq mi, approximately (above outlet of Basswood Lake) .

RECORDS AVAILABLE.--March to June 1924, September 1925 to March 1928, January 1930 to current year. Monthly dis-
charge only for some periods, published in WSP 1308.

GAGE.--Water-stage recorder. Datum of gage is 1,296.80 ft above mean sea level, adjustment of 1928, by Geodetic

Survey of Canada. Prior to Oct. 27, 1938, nonrecording gages at several sites in vicinity of gage, at datum
3.0 £t higher. Oct. 28, 1938, to Sept. 30, 1966, water-stage recorder at datum 3.0 ft higher.

AVERAGE DISCHARGE.--42 years (1925-27, 1930-70), 1,355 cfs (10.58 inches per year).
EXTREMES.--Current year: Maximum discharge, 7,120 cfs June 17 (gage height, 6.97 ft); minimum, 333 cfs Sept. 1
(gage height, 2.61 ft).
Period of record: Maximum discharge, 15,600 cfs May 24, 1950 (gage height, 9.94 ft, present datum); mini-
mum, 73 cfs Dec. 5, 1948.

REMARKS . --Records excellent except those for period of no gage-height record, which are fair. Flow affected by
storage on Kawishiwi River.

COOPERATION.--This station is maintained by the United States under agreement with Canada.
REVISIONS (WATER YEARS).--WSP 955: Drainage area. WSP 1145: 1935, 1937.
DISCHARGE, IN CUBIC FEET PER SECONDy WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 871 870 1,000 790 625 555 665 29700 64590 44060 12300 340
2 867 880 1,0GC0 770 620 560 665 24990 64570 3,790 19210 433
3 876 880 1,000 780 620 560 660 34260 64500 3,590 12140 445
4 868 890 14000 760 615 560 664 3,550 69400 3,400 1,080 442
5 873 890 1,000 751 610 555 671 3,850 69250 3,220 1,020 448
6 880 96C 1,000 T41 605 555 677 49170 6,070 3,080 974 445
7 873 900 1,020 732 600 550 681 49470 54880 3,030 928 445
8 865 910 1,059 722 595 550 681 4+79C 59680 21980 882 436
9 867 910 1,060 722 590 545 685 5,150 5,500 2,880 840 426
16 862 920 1,070 713 590 540 687 59420 54910 2¢760 792 433
11 862 920 1,060 713 585 540 687 54660 6,180 22640 752 429
12 856 920 1,060 703 580 535 688 5,830 69440 29540 712 406
13 843 920 1,060 703 575 535 689 5,960 649610 2 9440 677 399
14 827 940 1,060 694 565 530 691 6,050 6+ 750 24350 644 391
15 824 940 1,060 73 560 525 702 6,090 6,890 24310 610 389
16 819 950 1,060 703 560 525 734 64070 7,010 24240 567 380
17 816 970 1,040 703 555 525 759 6,000 7,060 2,170 555 374
18 806 993 1,020 694 550 525 790 5,880 69990 29130 526 370
19 820 996 1,000 694 545 530 824 59740 6y 860 2,070 496 369
20 810 1,000 990 684 545 530 878 5,600 64680 24000 469 364
21 820 1,000 960 675 540 535 954 5,700 69430 14930 456 453
22 800 1,00 930 675 540 545 1,010 5,910 64200 1+87C 443 441
23 810 | 1,000 900 665 540 555 14140 6¢110 59890 1.810 436 458
24 800 1,00 880 665 545 570 1,220 6,310 54550 19740 422 462
25 820 1,000 870 657 545 575 14310 6943C 54280 14690 410 463
26 840 1,010 860 648 550 585 19410 69510 59040 1+650 398 458
27 83C 1,010 850 648 550 600 1,580 6,530 44830 14610 388 455
28 830 1,01C 840 640 550 610 1,840 69530 44660 14560 374 453
29 820 1,010 830 635 ———— 625 2,110 69560 44460 1,510 367 443
3¢ 810 1,0CC 810 630 ————— 635 24430 64600 4,300 11440 356 448
31 830 —————— 800 630 —————- 655 ————— 6590 —————— 1370 348 —————
TOTAL 254995 28,530 304140 21,4653 16,050 17,320 29,182 169,010 181,460 73,860 20,572 12,698
MEAN 839 951 912 698 573 559 973 59452 64049 29383 664 423
MAX 880 1,010 1,070 790 625 655 29430 69600 7,060 42060 1,300 463
MIN 800 870 800 630 540 525 660 2,700 44300 1370 348 340
CFSM «48 55 56 «40 «33 32 «56 3.13 3.48 1.37 «38 .24
INe 56 61 <64 <46 o34 37 62 3.61 3.88 1.58 b4 27
CAL YR 1969 TOTAL 644,853 MEAN 1,767 MAX 7,910 MIN 746 CFSM 1.02 IN 13.78
WTR YR 1970 TOTAL 6264470 MEAN 1,716 MAX 7,060 MIN 340 CFSM .99 IN 13.39

NOTE.--No gage-height record Jan. 28 to Mar. 31.
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05128000 Namakan River at outlet of Lac la Croix, Ontario

(International gaging station)

LOCATION.~~Lat 48°23'00", long 92°10'40", at Campbell's Camp, 2.5 miles west of outlet of Lac la Croix.

DRAINAGE AREA.--5,170 sq mi.

PERIOD OF RECORD.--September 1921 to January 1922, April 1922 to current year, in reports of Geological Survey.
Monthly discharge only for some periods, published in WSP 1308. August 1921 to current year, in reports of
Water Survey of Canada, Inland Waters Branch. . Loy

GAGE.~~Water-stage recorder. Gage readings have been reduced to elevations above mean sea level, United States
and Canada Boundary Survey datum. Prior to October 1933, nonrecording gages at various sites on Lac la Croix.
October 1933 to March 13, 1963, nonrecording gage at present site and datum.

AVERAGE DISCHARGE.--48 years (1922-70), 3,710 cfs (9.74 inches per year).

EXTREMES.-~Current year: Maximum discharge, 16,400 cfs June 20 (elevation, 1,189.63 £ft); minimum, 1,520 cfs
Apr. 7 (elevation, 1,182.73 ft).
Period of. retords. Maximum discharge, 28,200 cfs May 31 to June 2, 1950 (elevation, 1,193.30 ft):; minimum,

535 cfs at times 'in February, March and April 1924 (elevation, 1,181.50 ft).

REMARKS .~~Records excellent.

COOPERATION.--This station is maintained by Canada under agreement with the United States.

OISCHARGEy IN CUBIC FEET PER SECONDs WATER YEAR CCTOBER 1969 TO SEPTEMBER 1970
DAY ccT NOV DEC JAN FEB MAR APR MAY JUN JuL ALG SEP
1 2,670 2e120 2+ 190 24250 1+95C 15700 1,590 4,530 15,100 144500 648C0 20680
2 2+630 2,130 2,180 20220 1,940 14700 14590 49970 15+ 300 14,100 64500 24810
3 2+€3C 29140 2+17C 29220 1,94C 1,710 1,580 5.420 15,400 13,800 69320 24810
4 2+570 2,140 2,17C 2+190 1s52¢C 19720 1+580 5,820 15,400 13,500 6¢150 2,750
S 2,530 24160 2,170 2,170 1+900 1,720 14590 6,210 15,500 13,200 59930 24974C
& 2+530 2¢160 241¢€0 24160 1,89C 1,730 14600 €+610 15,400 12,800 5,760 2,680
1 2¢450 2¢160 2,180 24140 1.+890 1,720 1,590 69980 15,400 124400 5,570 24670
e 2¢480 2¢160 24220 2,13C 1,87¢ 1,720 14590 Te440 15,300 124200 5,400 2+670
S 2+480 24160 2+230 24130 1,860 L+710 10600 7¢990 15,200 11,800 59190 29630
1c 24450 24160 24250 20120 14840 1,700 14610 84450 15,300 11,400 54030 2+457C
11 24450 2,130 2,250 2,110 1+840 1,690 1,620 8,880 15,400 11,300 44850 2,580
12 2¢43C 20130 2,260 24100 14840 1,690 19630 9,310 15,500 11,000 44700 2¢510
13 24390 2¢130 2+28C 2+08¢C 1,83C 14680 1,630 94810 154600 104900 49550 29490
14 2+340 2,140 29280 2,070 1,830 14680 19660 16,200 15,700 1C,600 49420 24470
15 24310 2,130 2,280 2,080 14820 1,670 1,690 10,700 159900 10,500 49230 24450
16 2+28C 2,180 24300 2,080 1,830 1,660 1,740 11,000 15,900 10,200 44070 24410
17 29270 2.180 2+310 2,076 1,820 19660 1,800 11,500 16,100 94940 49030 2+410
18 24220 24180 2¢310 29060 1+80C 14650 14860 11,800 16,100 9,710 3,860 29390
19 24220 2,180 2,310 24050 L+790C 1,650 19950 124100 16,200 9,460 3,730 2+350
2¢ 2,170 2,180 24320 2,02C 1,780 14640 2,050 129500 16,300 $¢190 3,620 29340
21 2+160 24180 2,310 2,010 1,770 L+640 2,160 129800 164200 84950 34540 29360
22 2,120 2,180 24320 2,000 1,730 10630 2,260 13,000 16,200 89730 39440 241250
23 22110 2,180 2+32C 14660 1,73C 14630 2+430 13,100 16,100 89500 3,380 2+320
24 2,070 2,180 24320 2+000 1,720 19620 29540 13+300 16,000 84250 39280 29300
25 2,080 291590 2+34C 2,000 1,710 14620 24680 13,400 15,900 8,020 35190 25260
2¢€ 2+080 2¢190 2+340 2,000 1+710 114610 2,840 13,600 15,800 Tv76C 3,07C 29210
27 2,070 24190 2+320 2,000 1,710 14610 3,030 13,800 154600 Te580 29980 2,210
28 2,070 2,190 2320 2,000 1,700 1610 3,300 14,100 15,400 Te420 2,910 29210
2s 2,070 24190 2+32¢C 24000 ———— 19600 3,660 14,200 15,000 7,280 24850 24160
30 2¢060 2,180 2432C 1,980 —————— 1,600 44100 14,500 144900 Te230 24796 2¢190
31 2,080 - 24300 1+960 ——asee 14590 ———— 14,800 —— 72000 2+740 ——————
TCTAL 71,510 €4,900 70,350 649350 5C9960 51¢560 629550 3229820 469,100 319,220 134,880 13,880
MEAN 24307 2¢163 29269 2,077 1,820 1e663 29085 100410 15,640 10,300 4,351 24463
MAX 2467C 2,190 2+ 340 29250 1495¢C 1,730 44100 14,800 164300 149500 648CC 24810
MIN 24060 24120 2,1€0 1,960 1+700 1,590 14580 44530 144900 1,000 24740 29160
CFsSM 45 °42 bl «40 35 «32 «40 2.01 3.03 199 - o 84 «48
INe 51 o47 51 &b 37 «37 45 2432 3.38 2.30 S7 53
CAL YR 1969 TOTAL 1,773,960 MEAN 4,860 MAX 15,100 MIN 24060 CESM 9% IN 12,76
WTR YR 1970 TOTAL 1,756,120 MEAN 44811 MAX 16,300 MIN 1,580 CFSM »,93 IN 1264
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05128200 Vermilion Lake near Soudan, Minn.

LOCATION.--Lat 47°49'52", 'long 92°16'20%, in SWiSEX sec.20, T.62 N., R.15 W., St. Louis County, on south shore
of Vermilion Lake, at McKinley Park, 2 miles northwest of Soudan.

PERIOD OF RBJO;?.D.--October 1913 to July 1915, July 1941 to November 1942, June 1946 to current year (fragmentary
during 1947).

GAGE.--Water-stage recorder. Datum of gage is 1,355.10 ft above mean sea level, datum of 1929. October 1913 to
July 1915, nonrecording gage 2 miles southwest of present gage at Tower, at datum about 0.5 £t lower. July
1941 to November 1942 and June 1946 to June 1951, nonrecording gage approximately 13 miles northwest at Ver-
gialion !f)a:;g;xgar Tower, at same datum. All gage readings have been reduced to elevations above mean sea lével,

tum o .

EXTREMES.--Current year: Maximum elevation, 1,359.26 ft June 16; maximum daily, 1,359.22 ft June 14; minimum,
1,356.87 ft Sept. 19.

Period of record: Maximum elevation cbserved, 1,359.52 £t May 16, 1950; minimum cbserved, 1,356.02 ft
Jan. 29, 1942.

Elevation on June 6, 1913, waas 1,359.94 £t (determined 'frcm reference point set by local observers) .
MONTHEND ELEVATION, IN FEET, OCTOBER 1969 TO SEPTEMBER 1970

Oct. 31 ...ceeceeees 1,357.28 Feb. 28 ...ec00ce... 1,357.09 June 30 ..ececseaee. 1,358.61
Nov, 30 cececeecseee 1,357.35 Mar. 31 ....cv00v0e. 1,357.05 July 31 se.evevecee. 1,357.72
Dec. 31 .seeceacceses 1,357.28 Apr. 30 ceecececsss. 1,358.30 Aug. 31 cevecevecee. 1,357.00
Jan. 31 «cccceeceece. 1,357.20 May 31 ....ce0c0... 1,358.73 Sept.30 ...caveecees 1,356.93

NOTE.--Elevations other than those shown above are available.
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05129000 Vermilion River below Vermilion Lake, near Tower, Minn.

LOCATION.--Lat 47°57'41", long 92°28'33", in SE%SWy sec.2, T.63 N., R.17 W., St. Louis County, on left bank 200
ft downstream from dam at outlet of Vermilion Lake, 4.4 miles upstream from Twomile Creek, and 14.2 miles

northwest of Tower.

DRAINAGE AREA.--483 sq mi.

PERIOD OF RECORD.--May 1911 to September 1917, June 1928 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,347.36 ft above mean sea level, datum of 1929.

to July 8, 1931, nonrecording gage at same site, at datum 3.05 £t higher.
July 9, 1931, to Apr. 11, 1939, nonrecording gages, and Apr. 12, 1939, to Sept. 30, 1967, water-stage record-

er at same site, at datum 3.00 ft higher.
AVERAGE DISCHARGE.--48 years, 312 cfs (8.77 inches per year).

June 26, 1928,
May 17, 1911, to Sept. 30, 1917,

EXTREMES.--Current year: Maximum daily discharge, 1,730 cfs June 14; minimum discharge, 47 cfs Sept. 29 (gage

height, 3.12 ft).

Period of record: Maximum discharge, 2,710 cfs May 23, 1950 (gage height, 7.68 ft, present datum):; no

flow Oct. 25-29, 1955, caused by temporary storage behind new concrete dam at outlet of Vermilion Lake.

REMARKS.--Records good except those for periods of no gage-height record, which are fair.

REVISIONS (WATER YEARS) .-~WSP 1508: 1913.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY oCcY NOV DEC JAN FEB MAR APR
1 223 212 236 205 162 131 85

2 213 221 230 203 159 129 84

3 232 229 225 202 159 140 82

4 224 233 224 200 159 144 80

5 212 247 223 198 161 < 142 80

6 223 247 223 195 158 l44 83

1 209 251 230 192 155 140 85

8 200 257 245 191 153 136 a8

9 210 253 253 190 155 134 91
10 211 258 251 187 150 131 98
11 205 247 247 186 148 129 103
12 204 243 246 184 147 125 105
13 194 229 243 183 147 124 110
14 194 241 240 181 148 120 i13
15 195 239 238 185 146 117 118
16 184 256 238 185 149 117 122
17 186 257 233 184 146 113 125
.18 181 258 230 182 143 110 133
19 186 258 228 178 143 106 142
20 175 265 227 175 144 103 151
21 179 267 223 175 143 102 161
22 171 261 217 172 139 100 195
23 185 261 216 171 138 97 220
24 179 263 219 167 134 96 235
25 179 255 221 165 136 92 250
26 184 253 218 165 137 90 270
27 186 254 214 167 135 90 310
28 197 246 213 166 134 87 400
29 198 242 215 168 =m—m—- 85 550
30 199 237 213 168  weew—- 85 700
31 205  meem—-- 209 165 ~——=e-- ) A td
TOTAL 6,123 71440 7,088 59635 49128 3,546 52369
MEAN 198 248 229 182 147 114 179
MAX 232 267 253 205 162 144 700
MIN 171 212 209 165 134 85 80
CFSH 41 51 <47 .38 <30 «24 +37
IN. 47 57 «55 43 32 .27 41

CAL YR 1969 TOTAL 175,325 MEAN 480 MAX 1,520 MIN 171 CFSM .99
WIR YR 1970 TCTAL 147,567 MEAN 404 MAX 1,730 MIN 69 CFSM .84

NOTE.--No gage-height record May 5 to June 11, June 13-15.

MAY JUN
840 1,530
905 15520
960 1,500
998 1,470
14040 14430
1,060 1,380
1,070 1,320
1,090 1,270
1,100 1,240
14100 1,450
1,100 15590
1,090 1,680
1,090 1,710
1,080 1,730
1,060 1,700
1,050 1,640
1,040 14600
1,020 14530
1,010 1,530
1,020 19490
1,150 1,430
1,260 1,420
1,300 14390
1,330 1,280
15450 1,290
14500 1y240
15520 1200
1,500 1,190
15470 1,100
1,480 1,110
14510 —ocem-
365193  42,9¢0
15168 1,432
1,520 1,730
840 1,200
2.42 2.96
2.79 3.31
IN 13.50
IN 11.37

due

1,040
983
925
911
892

860
846
816
806
178

761
757
758

716

705
6713
669
626
607

594
584
565
525
484

469
450
443
434
403
378

21,194
684
1,040
378
1.42
1.63

AUG

352
310
294
284
268

261
250
239
227
214

204
199
191
187
170

146

SEP

2,583
86.1
12

.18
«20
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05129400 Rainy Lake near Fort Frances, Ontario
(International gaging station)

LOCATION.--Lat 48°38'30", long 93°20'00", at Five Mile dock, approximately 5 miles northeast of town of Fort
Frances.

PERIOD OF RECORD.-~January 1910 to September 1917 and October 1934 to current year in reports of Geological
Survey. August 1911 to September 1970 in reports of Water Survey of Canada, Inland Waters Branch. Prior to
October 1949, published as "at Ranier, Minn.", and as "at Fort Frances, Ontario” October 1949 to September
1964.

GAGE.--Water-stage recorder. Datum of gage is at mean sea level (United States and Canadian Boundary Survey).
January 1910 to December 1949, nonrecording gage 3 miles northeast at Ranier, Minn., at same datum. January
. 1950 to October 1964, water-stage recorder on Government dock at Pither's Point at Fort Frances and supplemen-
tary gage in town pumping station, 0.5 mile south, used during winter months, at same datum.

EXTREMES.--Current year: Maximum elevation, 1,109.03 ft June 24; minimum, 1,103.80 £t Apr. 13.
Period of record: Maximum elevation observed, 1,112.97 ft July 5, 1950; minimum observed, 1,101.26 ft Apr.
17, 1923, Apr. 2, 1930.
COOPERATION.~--This station is maintained by Canada under agreement with the United States.

MONTHEND ELEVATION, IN FEET, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

Oct. 31 eeerecenncncse 7.88 Feb. 28 ..cccvvecnsers. 5.28 June 30 ..ceev0encs... B8.89
Nov. 30 ceocsccccecens 7.72 Mar. 31 .icecccnecenes 4011 July 31 ..ceeveeece... B.09
6.94 Aug. 31 ......0. eee 1.76
6.26 May 31 cececevvcenses 7.91 Sept.30 .ciicececncaces 7.59

NOTE.--Add 1,100 ft to obtain elevation above mean sea level. Elevations other than those shown are
available.
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05130500 Sturgeon River near Chisholm, Minn.
LOCATION.--Lat 47°40'25", long 92°54'00", in NEWNWY sec.20, T.60 N., R.20 W., St. Louis County, on left bank

1,000 ft upstream from highway bridge, 0.6 mile downstream from East Branch Sturgeon River, and 11.5 miles"

north of Chisholm.

DRAINAGE AREA.--187 sq mi.
. ) . 4 o e
PERIOD c;r RECORD.--August 1942 to current year. /b’owfi ra Ao e o St '4! U
SURTIY DU N . R AP
GAGE.--Water-stage recorder. Datum of gage is 1,306.7 £t above mean sea level, datum of 1929. Prior to Aug.
1944, nonrecording gage at site 1,000 £t downstream at different datum.

AVERAGE DISCHARGE.--28 years, 122 cfs (8.86 inches per year).

24,

EXTREMES.--Current year: Maximum discharge, 1,500 cfs Apr. 29 (gage height, 4.62 £t); minimum, 14 cfs Aug. 13,

14; minimum gage height, 0.22 £t Aug. 14. .
Period of record: Maximum discharge, 3,630 cfs May 7, 1950 (gage height, 6.41 £t), from rating curve

extended above 1,600 cfs on basis of slope-area measurement of peak f£low; minimum daily, 6.0 cfs Feb. 18-27,

1944; minimum gage height, 0.08 £t Jan. 28 to Feb. 1, 1963.
REMARKS.--Records good except those for winter periods, which are fair.
REVISIONS (WATER YEARS) .--WSP 1438: 1946.

CISCHARGEy IN CUBIC FEET PER SECCNDs, WATER YEAR CCTCBER 1969 TO SEPTEMBER 1970

OAY cCcT NGV CEC JAN FEB MAR APR MAY JUN Jut AUG SEP
1 130 150 €6 4s 28 26 36 1,060 402 153 37 19

2 126 181 66 49 27 25 36 874 382 144 35 20

3 121 168 64 47 29 26 35 128 351 137 32 22

4 103 186 €l L L] 25 25 36 609 312 134 30 22

5 109 178 60 44 28 25 36 535 275 13c 24 22

6 110 1€3 14 43 2¢ 25 42 477 246 123 21 21

7 110 176 60 41 26 25 65 432 223 116 19 21

€ 107 167 59 41 26 25 120 397 205 112 1$ 21

S 134 156 H] 40 2€ 26 170 398 187 106 18 20
16 103 146 57 39 25 28 260 406 47117 101 1¥) 22
11 107 138 58 38 25 28 330 408 6T8 96 16 22
12 107 132 59 37 25 28 400 393 615 90 16 21
12 1¢é6 125 £s 36 25 26 430 367 498 87 15 20
14 104 92 55 35 ] 26 465 339 416 82 15 19
15 100 82 58 34 24 26 473 334 362 89 16 19
16 98 94 £9 23 24 26 456 338 331 81 15 20
17 98 90 59 32 24 25 513 334 309 14 17 20
18 95 84 ss 32 24 25 505 313 294 69 17 20
15 92 14 58 31 24 24 476 286 282 71 19 19
20 89 12 58 31 25 24 376 288 261 68 18 19
21 85 12 58 30 25 25 366 466 245 66 23 23
22 84 72 57 30 26 25 358 478 234 62 25 23
23 78 14 27 30 2¢ 26 358 438 220 57 24 23
24 82 75 56 29 26 28 387 405 209 53 23 21
25 85 74 56 29 26 30 513 395 199 51 22 20
26 100 12 55 29 27 - 31 763 394 195 49 21 21
27 104 70 55 28 26 32 1,110 372 188 46 20 21
28 104 n 54 28 26 34 19430 341 182 43 20 20
28 103 69 51 28 —————— 35 1+47C 340 174 41 19 19
3k 103 68 50 28  eeeem- 36 1,290 389 163 40 20 18
31 124  wom=e= 50 28 —mee—- 35 et 401 —————— 39 20 e
TOTAL 3,171 35421 1,756 1,095 723 851 134345 13,735 95115 = 24610 653 618
MEAN 102 114 579 3543 2548 2%.5 445 443 . 304 ' B4e2 21.1 2046
KA X 130 198 66 49 29 36 1547C 1,060 678 153 37 23
MIN 18 68 50 28 24 24 35 286 163 39 15 18
CFSH +55 61 31 16 olé el5 2438 2437 leb3 .45 - oll ll
INe 63 .68 36 022 ol4 17 2465 2.73 1.81 «52 13 o12

CAL YR 1969 TOTAL 59,708 MEAN 164  MAX 2,16C MIN 32 CFSM .88 IN 11l.88
WTR YR 1970 TGTAL 51,133 MEAN 140 MAX 1447C MIN 15 CFSM <75 IN 10.17

PEAK DISCHARGE (BASE, 500 CFS)
DATE G.HT.  DISCHARGE DATE TIME G.HT. DISCHARGE

4-17 0730 2.84 513 6-11 0830 3.29 728
4-29 0145 4.62 1,500
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05131000 Dark River near Chishclm, Minn.

LOCATION.--Lat 47°41'27", long 92°49'15", in SW4SW4 sec.12, T.60 N., R.20 W., St. Louis County, on xight bank 50
ft downstream from remains of abandoned highway bridge, 3.5 miles upstream from mouth, and 12.2 miles north-
éast of Chisholm.

DRAINAGE AREA.--50.6 sq mi.

PERIOD OF RECORD.--August 1942 to September 1961, October 1965 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,316.8 ft above mean sea level, datum of 1929 (surveyed by Topo-
graphic Division). Prior to Aug. 24, 1944, nonrecording gage at site 50 ft upstream at same datum.

AVERAGE DISCHARGE.--24 years, 36.8 cfs (9.88 inches per year).
S.--Current year: Maximum discharge, 398 cfs Apr. 29 (gage height, 4.44 ft); minimum, 8.0 cfs Aug. 11,
12 (gage height, 1.33 ft).
Period of record: Maximum discharge, 1,170 cfs May 7, 1950 (gage height, 7.10 ft); minimum, 0.3 cfs Aug.
3, 1956; minimum gage height, 0.87 ft Mar. 22, 23, 1949, Aug. 16, 17, 1961.
REMARKS.--Records good.

COOPERATION,.~--Records for 1970 water year computed by U.S. Steel Corporation and reviewed by Geological Survey.

DISCHARGE, IN CUBIC FEEYT PER SECOND, WATER YEAR OCTMBER 1969 TO SEPTEMBER 197C

DAY acry NNV DEC JAN FER MAR APR mMay JUN Jut AUG SEP
1 38 45 22 18 14 13 15 311 103 34 11 11
2 36 50 22 18 13 13 15 274 100 29 9.8 11
3 3s 52 22 18 12 14 15 239 94 27 9.3 12
4 34 54 21 18 11 15 15 204 B4 27 9.1 11
5 33 55 20 18 12 17 15 176 73 24 8.9 11
6 33 56 20 18 12 17 16 148 66 24 8.9 11
7 31 54 3 17 12 17 21 129 58 22 9.1 11
g 37 52 21 17 12 17 44 112 52 24 8.7 11
9 29 48 22 17 12 16 53 96 45 22 8.7 11
1n 29 46 21 16 13 16 56 88 203 21 8.7 11
11 31 43 21 16 12 16 73 1] 199 20 8.7 11
12 29 41 21 16 12 15 A2 91 149 19 8.5 11
13 27 37 21 15 12 15 88 a9 132 18 8.5 10
14 26 35 21 14 12 14 89 84 126 17 9.8 9.3
15 26 33 27 14 12 14 93 85 120 24 10 9.8
16 25 32 < 15 12 13 93 85 111 20 9.3 11
17 24 31 20 14 12 13 92 80 100 19 9.3 10
1R 24 3z 29 13 12 12 89 76 9C 18 9.5 10
19 23 3° 27 13 12 12 84 T2 83 21 9.3 9.8
22 23 29 20 12 12 12 85 79 16 19 8.9 10
21 24 28 20 12 12 13 78 165 70 19 9.1 14
22 264 27 19 11 13 13 T4 156 63 17 11 13
23 23 27 19 11 14 13 76 137 56 16 10 13
24 22 27 16 11 14 14 79 133 s1 16 19 12
25 25 27 19 11 14 14 113 128 46 14 10 13
26 26 25 19 11 13 15 149 125 45 14 9.1 13
27 26 24 18 12 15 245 i15 41 13 8.9 13
29 31 24 1R 12 15 354 107 41 13 9.1 12
29 3° 23 17 13 14 39N 104 38 12 9.1 11
30 3" 23 13 13 15 352 108 36 12 9.1 11
21 35 —em--- 17 13 14 ————— 104  —=-==- 12 10 ===
TOTAL RAY 1917R 618 447 345 446 3,743 3,988 24551 607 289.4 337.9
MEAN 2.6 36.9 16.9 14.4 12.5 14.4 101 129 A5.0 19.6 9.34 11.3
MAX 38 56 22 18 14 17 390 311 203 34 11 14
MIN 23 23 17 11 i1 12 15 T2 36 12 8.5 9.3
CFS™ 57 73 .39 .28 .25 .28 2,00 2.55 1.68 «39 .18 22
BN +h5 Q1 45 «33 26 33 2.24 2.93 1.88 45 .21 25

CAL Y& 1669 T7TAL 17,123.9 MEAN 46,9 MAX SR2 MIN 8.7 CFS™ .93 IN 12.59
WTR ¥R 19377 TATAL 14,672.3 MEAN 40 .2 1AX 392 MIN 3.5 CFS4 .70 IN 11,79
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05131500 Little Fork River at Littlefork, Minn.

LOCATION.--Lat 48°23'55", long 93°33'56", in Nw4% sec.9, T.68 N., R.25 W., Koochiching County, on left bank 100 ft
downsgtream from highway bridge at town of Littlefork, 0.3 mile downstream from bridqe on State Highway 217,

1.5 miles upstream from Beaver Creek, and 18 miles upstream from mouth.

DRAINAGE AREA.--1,730 sq mi, approximately.

PERIOD OF RECORD.--June to November 190-9,' April to November 1910, April 1911 to June 1917, September 1917, Oct-

ober 1917 to March 1919 (gage heights only), June 1928 to current year.

CAGE.--Water-stage recorder. Datum of gage is 1,073.06 ft above mean sea level, datum of 1929.

June 23,

1909,

to Mar. 4, 1917, nonrecording gage at same site and datum. Mar. 5 to Sept. 30, 1917, and June 22, 1928, to

July 20, 1937, nonrecording gage, at site 100 ft upstream at same datum.

at datum 9.0 ft higher (used as supplementary gage during periods of backwater from Rainy River).

\VERAGE DISCHARGE.--47 years (1911-16, 1928-70), 1,022 cfs (8.02 inches per year).

EXTREMES,.--Current year:
River); minimum discharge, 84 cfs Aug. 21 (gage height, 5.30 ft).
Period of record:

mum daily, 15 cfs Feb. 9-22, 1963.

REMARKS .--Records good except those for winter months, which are fair.
WSPF 1913, 1916, 1928-32, 1934.

REVISIONS (WATER YEARS) .--WSP 955: Drainage area.

’
DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
DAY oct NOV DEC JAN FEB MAR APR MAY JUN JuL
1 1,510 1,550 a16 48i 127 125 220 14,100 5,030 932
2 1,680 2,200 750 480 124 126 220 114600 5,710 862
3 1,670 2,720 708 479 123 129 218 8,850 4,920 784
4 1,560 2,770 668 476 123 131 216 7,120 4,160 718
5 3,210 2,590 638 475 123 133 213 6,110 3,370 676
6 6,570 2,360 606 4T 123 136 213 5,410 2,780 626
7 6,060 2,140 592 467 122 139 220 44840 2,290 605
8 41980 1,970 582 454 122 142 263 49410 1,980 590
9 4,080 1,820 566 446 121 147 480 4,080 1,710 575
10 34450 1,680 560 428 121 151 1,170 3,980 2,250 565
11 3,160 1,560 558 409 120 154 1.760 3,980 8,370 637
12 2,990 1,450 556 380 120 158 2,800 3,910 13,200 570
13 2,730 1,340 552 354 120 161 3,440 3,770 15,900 610
14 2,470 1,230 544 332 119 163 3,980 3,480 17,100 632
15 2,190 11060 540 31 119 165 44480 3,140 15,100 595
16 1,930 960 538 283 119 166 44920 3,310 84510 600
17 1,750 1,110 536 265 119 167 5,320 3,410 5,110 610
18 1,580 1,150 536 248 120 169 5,480 3,230 4,100 580
19 1,460 1,190 530 229 120 170 4,680 3,010 3,370 550
20 1,340 1,220 527 211 120 171 4,120 2,770 2,950 525
21 1,260 1,230 522 197 120 173 34660 2,540 2,580 500
22 1,190 1,240 519 187 120 177 3,460 3,750 2,220 480
23 1,130 11240 516 178 120 179 3,700 4,580 1,940 416
24 1,060 1,230 508 17 121 181 4,470 4,380 1,720 380
25 1,040 1,210 504 162 127 184 6,680 4,020 1,440 364
26 1,110 1,180 501 153 122 193 9,680 3,900 1,320 329
27 1,210 1,140 499 144 123 201 11,900 3,890 1,240 308
28 1,270 14040 492 138 124 210 12,800 3,680 1,140 285
29 1,300 960 487 D —— 215 13,900 3,440 1,120 267
30 1,300 880 483 132 —memee 219 144800 3,570 1,010 261
3 1,310 —=——m- 482 129 ———mmm 220 ———eem 44210 —m——ee 248
TOTAL 69,550 45,420 17,414 9,404 3,397 5,155 129,463 146,470 143,640 16,680
MEAN 2,244 1,514 562 303 121 166 4,315 4,725 4,788 538
MAX £,570 2,710 816 481 127 220 14,800 14,100 17,100 932
MI% 14040 880 482 129 119 125 213 24540 1,010 248
CFsSM 1.30 .88 .32 .18 .07 .10 2.49 2.73 2.77 .31
IN. 1.50 .98 .37 .20 .07 .11 2.78 3.15 3.09 .36
CAL YR 1969 TCTAL 653,256 MEAN 1,872 MAX 20,600 MIN 235 CFSM 1.08  IN 14.69
WIR YR 1970 TGTAL 596,688 MEAN 1,635 MAX 17,100 MIN &% CESM .94 1IN 12.83

NOTE.--Backwater from Rainy River Apr. 28 to May 2, May 1l to July 24.

AUG

242
226
209
196
191

185
178
172
165
137

126
109
102
109
11¢

107
105
95
93
90

89
98
98
95
92

88
91
92
89
115
108

4,004
129
242

88
«07
<09

Nonrecording gage 1.2 miles upstream

Maximum discharge, 17,300 cfs June 14 (gage height, 31.08 ft, backwater from Rainy
Maximum discharge, 25,000 cfs Apr. 18, 1916, May 11, 1950 (gage height, 37.00 ft); mini-

SEP

103
113
119
161
154

147
195
203
199
188

167
151
147
139
lel

143
150
151
143
135

175
323
452
418
364

319
285
258
234
214

6,091
203
452
103
12
.13



LOCATION.--Lat 48°11'45", long 93°48'25", in sec.35, T.155 N., R.25 W., Koochiching County, on left bank at

LAKE OF THE WOODS BASIN

05132000 Big Fork River at Big Falls, Minn.

95

village of Big Falls, 700 ft downstream from falls, 0.3 mile downstream from bridge on U. s. Highway 71, and

4.8 miles upstream from Sturgeon River.

DRAINAGE AREA.--1,460 sq mi, approximately.

PERIOD OF RECORD.--August to November 1909, April to November 1910, April 191l to 3September 1912 (gage heights
and discharge measurements only), June 1928 to current year.

GAGE.~-Water-stage recorder.

Datum of gage is 1,144.71 £t above mean sea level, datum of 1929.

10, 1911, nonrecording gage at railroad bridge about 0.4 mile upstream at different datum.
Dec. 17, 1937, nonrecording gage at site 200 £t upstream at same datum.

AVERAGE DISCHARGE.--42 years (1928-1970), 683 cfs (6.35 inches per year).

EXTREMES.--Current year:

1, 2 (gage height, 3.02 ft).
Period of record:
minimum discharge recorded, 7 cfs Aug. 7, 1939,

Prior to June
June 10, 1911, to

Maximum discharge, 10,100 cfs Apr. 29 (gage height, 13.13 ft); minimum, 131 cfs Sept.
Maximum discharge, 14,800 cfs May 8, 9, 1950; maximum gage height, 17.08 £t May 8, 1950;

REMARKS . ~~Records good except those for period of no gage-height record and those for winter months, which are

fair,

REVISIONS (WATER YEARS).--WSP 1308:

LAY cCT
1 838cC
2 S18
3 916
4 ES5
5 29560
6 Sy18C
7 59540
8 59140
g 49520
10 2,900
il 3,53¢
12 3,240
i3 2,900
14 25 €2C
15 2,360
16 2,150
17 1,990
18 1484C
19 1,710
20 1,610
21 1,530
22 1,470
23 1,390
24 1,330
25 1,320
26 14360
27 1,390
8 1,380
29 14360
30 1,350
31 1,380
TOTAL 69,659
MEAN 29247
MAX 54540
MIN 880
CFSM 1.54
LIN. 1.77
CAL YR 1965

1935(M) .

DISCHARGEy IN CUBIC FEET PER SECCND, WATER YEAR OCYOBER 1969 TO SEPTEMBER 1970

NOV

1,560
1,810
1,910
1,920
1,860

1,780
1,700
1,630
1,570
1,510

1,460
14410
1,360
1,270
1e140

§70
854
690
700
770

1,000
1,080
1,050
1,020
15000

960
920
$00
880
850

37,534
1,251
1,920

690
«86
96

TOTAL 477,011
WIR YR 1970 TOTAL 450,207

OEC

830
81C
790
765
755

740
720
70
705
700

10¢
690
685
€80
6B0

€75
670
665
66C
660

€55
650
650
645
640

63C
625
620
610
605
600

21,220
685
830
600
47
«54

JAN

55C
580
575
57¢C
5¢0

550
540
530
515
485

465
440
410
380
365

335
310
295
285
275

2¢5
260
25¢C
240
235

230
225
22¢
220
215
215

11,630
375
590
215
26
«30

MEAN 1,307
MEAN 1,233

FEB MAR
210 220
21c 225
21c 225
216 230
21¢ 235
205 240
205 245
20s 250
205 255
21c 255
21¢ 260
210 260
21¢ 265
205 270
20¢ 270
208 270
205 270
2cs 2170
205 270
20¢ 265
21¢ 265
210 260
21¢ 260
210 265
21¢ 270
21¢ 280
215 285
21¢ 285
———— 290
----- 290
———— 285
5,84C 8,085
209 261
21¢ 250
205 220
Y .18
.15 .21
MAX 13,100
MAX 10,000

NOTE.--No gage-height record June 22 to July 23.

APR

280
275
270
270
265

265
270
305
420
850

1,400
15700
1,950
24300
2,600

34100
3,640
49110
3,760
20640

24100
24160
2,310
24750
4, 230

64340
8,180
S,720
10,000
$2€10

88417¢
24939
10,000
265
2.01
2.25

MIN 235
MIN 132

MAY JUN JUL
89490 34450 170
649910 49180 740
5,670 49060 710
44840 3,600 680
44310 3,060 660
3:900 2,590 64C
3,610 24200 620
34410 1,920 600
34270 L4690 590
3,220 1,920 580
34140 49250 590
3,020 5,960 600
2,900 5+530 61¢C
24750 44860 620
2,710 44060 610
249960 34240 $90
3,100 24720 560
3,020 24350 520
24850 2,080 470
24600 1,820 450
24420 1,620 410
24300 14450 380
249260 19270 355
29260 14110 330
29260 1,020 306
24400 950 290
24600 910 276
2¢650 880 267
2,600 840 253,
24830 800 242
2,880 ———— 254

1044140 764390 154573
3,359 24546 502
84490 59960 170
29260 800 242

2.30 1.74 <34

2.65 1.95 «40
CFSM IN 12.15
CFSM .84 IN 11.47

AUE

25¢
241
227
21¢
20¢

2CC
152
185
17§
187

1€C
16
162
167
186

17¢
174
1€7
162
15¢

18¢
175
17¢
165
155

147
142
13¢
133
14¢€
136

59462
17¢
256
132
.12
ol4

SEP

132
133
141
142
143

140
175
169
160
157

156
157
166
164
173

177
17¢
172
168
165

2710
407
385
360
354

346
328
311
294
283

————

64504
217
407
132
15
-17
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05133500 Rainy River at Manitou Rapids, Minn.
{International gaging station)

LOCATION.--Lat 48°38'04", long 93°54'47", in sec.36, T.160 N., R.26 W., Koochiching County, on left bark at ~
Manitou Rapids, 3.5 miles east of Mantiou Post Office and 4 miles west of Indus. .

DRAINAGE AREA.--19,400 sq mi, approximately.

PERIOD OF RECORD.--July 1928 to current year. Monthly discharge only for some periods, published in WSP 1308.
October 1911 to October 1924 {(gage heights only) at site near Birchdale in files of Corps of Engineers.
Published as "near Birchdale" 1932-34.

GAGE.--Water-stage recorder. Datum of gage is 1,062.48 ft above mean sea level, datum of 1929. Prior to Nov.
10, 1934, nonrecording gage at site near Birchdale 7 miles downstream at different datum. .

AVERAGE DISCHARGE.--42 years, 12,620 cfs (8.83 inches per year).

EXTREMES.--Current year: Maximum discharge, 57,000 cfs June 15 (gage height, 18.09 ft); minimum, 6,880 cfs Aug.
23 (gage height, 3.69 ft). )

Period of record: Maximum discharge, 71,600 cfs May 12, 1950 (gage height, 21.04 ft); minimum daily, 928

cfs Dec. 26, 1929.

.

REMARKS.--Records good except those for winter months, which are fair. Diurnal fluctuation caused by power-
plant at International Falls. Some regulation at low and medium flows by Rainy and Namakan Lakes. Records
of chemical analyses for the water year 1970 are published in Part 2 of this report.

COOPERATION.--This station is maintained by the United States under agreement with Canada.

REVISIONS (WATER YEARS) .~--WSP 1055: 1944,

DISCHARGE, IN CUBIC FEEY PER SECONDy WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR . APR MAY JUN JuL AUG SEP
I3 16y9CC 11486C 15+500 124400 11.600 11,40C 11060 43,600 38,760 33,4700 11.700 8,480
2 1147¢0 12,200 15,500 12,500 11.800 10,700 10,600 409600 41y 100 33,200 11,700 84140
3 11,480C 14,4400 154400 12,700 11+700 11,300 10,000 344300 40800 32,800 11,600 7890
4 11,800 14,600 15400 12,600 11,700 11,000 9,880 274400 40,600 32,+800 11,300 8,39C
5 12,900 14,700 15,300 12.600 11,700 11,000 9+760  24.B00 39,400 32,400 11,100 8,910
é 19,200 14+700 155360 12 4400 11,800 11,100 9,750 23,000 37,800 32,00C 10,900 7,830
7 244 3CC 14,1C0 15100 12,400 11,4800 11+300 94950 21,700 364500 31,600 10,900 7+450
8 25460C 13,900 15,200 124400 11.800 11,500 10+ 200 20000 35,50¢ 31,400 16+900 84980
9 244800 134400 14,800 12,400 114400 11,300 10,800 21,000 34,900 31,300 10,900 8,120

10 23,00¢ 13+30C 15,100 12,400 11.8C0 k14600 11,000 19,00C 37,20¢C 31,000 10,800 81530
11 22,200 13,100 15,000 12,400 11,700 11,800 11.70C L7+600 40,200 3C 700 1€, 80C 84140
12 214500 13,500 15:000 12,400 11,500 11,700 13,400 21,100 474800 30,500 10,700 8,150
k3 20,800 13,400 15.000 114500 11,700 11,400 15,000 294100 53,50C 30,300 9,210 84530
14 20,20C 13,600 154000 11.+300 11,600 11,400 16,4500 29,4500 56,100 30,200 8,660 T+970 |
131 19,300 144300 15.100 11,400 11,600 11,300 164400 31,000 564700 30,000 9,600 84270
16 18,5C0 13,800 15000 11,4300 99940 10,700 16,800 324100 53,4400 29,000 8,710 8,520
17 17,700 13,500 154000 11,200 11,400 11,260 17,100 32,700 4635700 26400 8,860 84550
18 164300 13,900 15,000 11,100 112300 11,200 18,200 32,400 424500 23,600 9770 94160
19 15,20¢ 13,900 14,800 11,100 11,400 11,200 204200 32,200 40,4400 22+300C 94420 8,870
2C 144306 13,900 144900 11,000 112200 11,200 17,600 32,700 39,000 21,900 9,730 8+100
21 13,900 L4100 13,100 11,100 11,200 11,200 16,400 32,700 37,90¢C 19,70¢C 94300 7,850
22 14,400 144100 12,900 11.100 11,200 11,000 15+800 33,4400 37,000 154600 84260 84110
23 13,600 144200 12,800 11,100 104500 11,100 164600 34,4700 36,+100 13,400 T+190 84400
24 k3,300 14¢3C0 12,800 11,000 11+500 11,000 18,4900 35,100 35,+500 12,700 T+200 8+730
25 13,400 144300 11,800 11,000 11+500 10,700 23,000 34,700 35,100 12 +600 74950 84690
26 12,900 14410C 11,300 11,000 11,400 10,600 27,200 34,700 344800 124400 84150 84540
27 12,800 13,900 129900 11,100 11,400 10,800 31,400 35,000 34,506 12,100 84200 84560
28 12.3C0 15,4C0 12,700 11,000 11.+400 11,000 364600 35+300 344400 12,000 84130 84600
29 12,200 15,800 12,800 104600 ——— 11,200 40,200 35,200 34,200 11,000 8,160 84720
30 12,000 15,700 12,900 10,800  =====- 11,100 43,200 35,700 33+900 10,4900 84480 84620
31 11,50C et 12,800 10,906 ——=——- 11,000 —————— 36440C —=---- 11,700 84290 —m—==-

TOTAL 503,900 419,900 441,200 360,200 320+540 346,000 535,140 9489700 14212.2M 7414200 2964570 251,840
MEAN 164250 14,002 144230 11,620 11+450 11,160 17+840 30,600 40,410 23,910 94567 84395

MAX 25,600 15,800 15,500 12,700 11,800 11,800 43,200 43,600 564700 33,700 11+700 9+ 140
MIN 1C0+900 11,80C 11+300 10,600 94940 10+600 9:750 17,600 33,900 10,900 Ts190 T+450
CFSM 84 72 «73 « 60 59 «58 .92 1.58 2.08 1.23 249 43
IN. «97 «80 -85 69 «61 .66 1.03 1.82 2,32 le42 57 48

CAL YR 1969 TOTAL 6,825,690 MEAN 18,700 MAX 57,900 MIN 7,150 CFSM .96 IN 13,08
WTIR YR 1970 TOTAL 643774390 MEAN 17,470 MAX 56,700 MIN 7,190 CFSM .90 IN 12,23
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05134200 Rapid River near Baudette, Minn,
LOCATION.~~Lat 48°32'10", long 94°33'45", in NF) sec.l, T.158 N,, R.31 W., Lake of the Woods County, on left
bank 20 ft upstream from bridge on State Highway 72, 1.2 miles downstream from North Branch Rapid River, and
12 miles south of Baudette.
DRAINAGE AREA.--543 sq mi.
PERIOD OF RECORD.~~October 1956 to current year.

GAGE,.--Water-stage recorder.
way Department bench mark) .

AVERAGE DISCHARGE.--14 years, 347 cfs (8.68 inches per year).

Datum of gage is 1,093.92 ft above mean sea level, datum of 1929 (Minnesota High-

EXTREMES.--Current year:
21, 29 (gage height, 1.56 ft).
Period of record: Maximum discharge, 5,500 cfs Apr. 14, 1969 (gage height, 17.86 f£t); minimum, 0.1 cfs
aug. 13, 1961 (gage height, 1.18 ft).
Flood of May 11, 1950, reached a stage of 21.1 ft, from information by local residents and Minnescta
Righway Department (discharge, about 7,000 cfs).

REMARKS ,~~Records good except those for winter months, which are fair.

discharge, 3,470 cfs Apr. 29 (gage height, 13.26 ft); minimum, 4.8 cfs Aug.

REVISIONS (WATER YEARS).--WSP 1913: 1962, 1965(M), 1966.

DISCHARGEs IN CUBIC FEET PER SECCNDs WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEe. MAR APR MAY JUN JutL AUG SEP
1 23 218 48 33 2C 18 21 3,150 19270 528 38 14
2 28 248 4“8 33 2C 18 21 2,800 1,170 448 28 23
3 “2 252 47 32 20 18 21 24450 1,040 372 21 23
4 4«6 242 4«6 32 2¢ 18 24 2,190 918 328 16 21
5 97 230 45 32 19 18 30 2,040 818 287 13 17
6 230 218 44 32 16 18 34 1,910 n2 236 11 12
7 292 209 43 n 19 18 39 1,760 4615 207 10 30
8 300 216 42 n 19 18 56 14630 540 217 Se7 41
s 288 197 42 31 1% 18 81 1,640 799 200 %1 32
12 353 189 41 30 19 19 140 14670 2,490 174 8ol 49
11 488 184 1 30 15 19 258 14730 24640 150 Te3 s3
12 504 183 40 30 19 19 4«52 1,790 2,790 134 605 L1
13 482 162 39 29 19 19 755 1,780 2,870 159 6e2 40
14 463 126 39 28 18 19 1,200 1,680 2,770 198 642 38
1% 4«01 100 39 27 18 20 10620 1,860 2,420 189 5.8 35
16 330 82 29 26 18 21 1:87C 25150 24190 180 503 38
17 362 70 a8 25 18 21 1,840 20140 2,200 153 Se0 47
18 339 59 7 24 18 22 1,530 1,960 2,320 125 5.0 “S
19 308 53 37 23 18 22 15270 1,720 20430 104 5.0 &7
29 282 50 36 23 18 23 930 1,510 2,380 89 S0 42
21 266 &8 kL] 23 18 24 838 10400 24150 7 5.5 36
22 248 8 36 22 18 24 930 1,290 1+840 69 (2% ] 30
23 228 48 EL] 22 18 264 19240 1,200 14470 61 [ T%] 31
24 214 50 35 22 18 24 1,810 1,120 1,140 51 605 29
25 a1 52 35 22 18 24 2,730 1,130 911 43 6eC 26
26 219 52 34 21 23 3,060 1,490 ale 37 5.5 23
27 219 51 34 21 23 2+ 880 1,700 T62 3 5.8 20
28 204 50 34 21 22 3,060 1,680 684 29 543 18
29 194 48 33 20 22 3+410 1,560 610 26 5.3 17
” 212 “8 33 20 21 3,400 1.500 550 31 12 16
31 223  memme- 33 20 2]  —eem—— 14390 —====- 4“2 12 —————
TOTAL 8,126 3,773 1,209 816 521 638 35,550 55,020 ©64317 4e5T2 268.4 %4
MEAN 262 126 39.n 2643 18.¢ 206 1,185 1775 12544 160 9063 31.5
MAX 5N¢ 252 4«8 a3 20 24 3,410 34150 2,870 525 e 53
MIN 23 &8 33 20 18 18 21 1,120 540 26 5.0 12
CFSM W68 .23 . 072 <048 034 - 038 2.18 3. 27 2.84 29 +018 058
IN, » 56 .26 +CB «06 «04 04 2ebb 3077 3,17 .3 002 06
CAL YR 1969 TOTAL 129,959.0 MEAN 356 MAX 5,480 MIN 11 CFSM .66 IN 8.9
WTR YR 1970 TOTAL 1584184.4 MIN 5.0 CFSM .80 IN 10,84

MEAN 433 NAX 3,410
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05139500 Warroad River near Warroad, Minn.

LOCATION.--Lat 48°52'00", long 95°21'20", in SEMNEX% sec.l12, T.162 N., R.37 W.., Roseau County, on downstream hand-

rail of bridge near center of span, 0.5 mile upstream from Bulldog Run and 2.5 miles south of Warroad.
DRAINAGE AREA.--110 s8q mi, approximately.
PERIOD OF RECORD.--March 1946 to current year. Monthly discharge only for some periods, published in WsP 1308,

GAGE.--Nonrecording gage read daily, and crest-stage gage. Datum of gage is 1,070.74 £t above mean sea level,
datum of 1929 (levels by Stanley Johnson, consulting engineer and instructor at University of North Dakota).

AVERAGE DISCHARGE.-~24 years, 45.2 cfs (5.58 inches per year).
EXTREMES.--Current year: Maximum discharge, 1,040 cfs Apr. 29 (gage height, 8.19 £t); minimum, 0.3 cfs Aug. 20
(gage height, 1.64 ft).
Period of record: Maximum discharge, 1,780 cfs Apr. 15, 1965 (gage height, 9.95 £t); no flow at times.

REMARKS . --Records good except those for period of no gage-height record and those for winter months, which are
fair.

REVISIONS (WATER YEARS).--WSP 1308: 1949(M). WSP 1508: 1947(M).

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocy NOV DEC JAN FEB MAR APR MAY JUN JUL AUG S
1 1.9 2.6 4.8 4ol 403 2.8 3.0 675 330 52 2.7 8
2 1.6 9.6 4.9 4.1 4.3 2.8 3.1 569 320 45 2.7 8
3 2.2 10 Se1 4.1 Lot 2.8 3,2 474 283 36 2.7 12
4 1.8 9.6 52 4.0 4.5 2.8 3.6 . 422 237 34 1.9 14
5 2.2 9.3 5.2 4.0 4.5 2.7 4.0 368 220 30 1.6 15
6 2.6 8.0 Se.1 4.0 4.6 2.7 4.5 314 207 29 1.5 16
7 7.1 .0 5.0 4.0 4eb 2.7 5.0 266 180 27 l.4 20
8 8.8 8.5 4.9 3.9 4.6 2.7 6.0 224 167 24 1.2 34
9 12 8.5 4.8 3.9 405 2.6 8.0 253 125 22 1.3 31
10 13 8,2 4o 3.9 4.5 2.6 40 263 92 20 1.2 24
11 15 T.7 4a 3.9 4.5 2.6 80 289 87 17 «90 . 18
12 14 T4 4.7 3.9 44 2.6 132 283 84 18 «80 14
13 20 6.9 4.6 3.9 4.3 2.6 150 286 77 19 80 12
14 21 5.8 4.6 3.9 4.2 2.6 175 283 70 18 «60 11
15 19 5.3 4.6 3.9 4.1 2.5 195 291 76 19 «50 9
16 19 5.C 4.6 3.8 3.9 2.5 240 316 148 15 «60 8
17 16 4.8 4.5 3.8 3.8 2.5 345 325 279 14 .72 10
18 16 4o 7 4.5 3.8 3.7 2.6 453 327 610 12 «50 11
19 16 4.7 4.5 3.8 3.6 2.7 343 268 621 12 «50 12
20 14 4.6 4.5 3.7 3.5 2.8 330 227 488 1C «30 12
21 12 4.6 405 3.7 3.4 2.9 284 203 273 9.3 572 14
22 12 4.7 4.5 3.7 3.3 3.1 185 187 166 7.1 69 15
23 11 4.8 4.5 3.7 3.2 3.1 199 192 156 4.7 «90 16
24 11 5.0 Lot 3.8 3.1 3.2 248 197 143 2.9 l.4 13
25 12 5.1 4ot 3.8 3.0 3.2 306 221 82 2.6 2.5 10
26 12 5.2 Lot 3.9 3.0 3.3 647 320 32 2.0 2.7 8
27 14 5.2 4.3 4.0 2.9 3.2 832 371 41 1.8 2.5 8
28 12 4.9 443 4.0 2.9 3.2 1,007 407 59 2.0 1.9 7
29 12 4.7 4e2 4ol mmmmm- 3.1 996 . 385 56 2.2 1.5 4
30 12 47 4e2 4ol —————— 3.1 855 372 58 2.7 2.8 2
31 9.3  —e--- - 401 4.2 ———e=- 3.0 —————— 327 ————— 2.5 34 -
TOTAL 352.5 196.1 143,.3 121.4 139.6 87.6 R,071.4 9,905 5,768 512.8 45.3C 401
MEAN 11.4 6.54 4.62 3.92 3.91 2,83 269 320 192 16.5 1.46 13
MAX 21 19 5.2 4.2 4.6 3.3 1,220 675 621 52 3.4
MIN . l.6 4.6 4o} 3.7 2.9 2.5 3.0 187 32 1.8 «30 2
CFSM .1C oN6% oC42 36 «036 «D26 2.45 2.91 1.75% .15 +213 .
IN. 12 27 N5 4 D4 .13 2.73 3.35 1.95 17 .02 .
CAL YR 1969 TDTAL 17,372.17 MEAN 46,6 MAX 1l,.1°7C MIN 1.7 CFSM .42 IN 5.75

WTR YR 197C TVOTAL 25,714.2C MEAN T(.4 MAX 14003 MIN .30 CFSM .64 IN 8.70
NOTE.--No gage-height record Feb. 8 to Mar. 9.



LAKE OF THE WOODS BASIN 99
05140000 Bulldog Run near Warroad, Minn,

LOCATION.--Lat 48°51'30", long 95°20'20", in SE% sec.7, T.162 N., R.36 W., Roseau County, near right bank 5 ft
downstream from culvert on county highway, 0.8 mile upstream from mouth and 3 miles south of Warroad.

DRAINAGE AREA.--14.2 sq mi.

PERIOD OF RECORD.--March 1946 to November 1951, June 1966 to current year.

GAGE.--Nonrecording gage read once daily. Altitude of gage is 1,090 ft (from topographic mep).

AVERAGE DISCHARGE.--~9 years (1946-51, 1967-70), 4.10 cfs (3.92 inches per year).

EXTREMES.~--Current year: Maximum discharge, 198 cfs Apr. 28 (gage height, 6.20 ft, from graph based on gage
readings) ; maximum gage height, 6.75 ft Apr. 16 (from graph based on gage readings, backwater from ice):; no
flow for many days.

Period of record: Maximum discharge, 420 cfs June 10, 1947 (gage height, 6.91 ft); maximum gage height,
7.04 £t apr. 9, 1969 (from floodmark, backwater from ice); no flow for many days in most years.
REMARKS,.-~Records good.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY ocT NOV OEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 0 4] 43 104
2 [ [} 33 77
3 [} 0 22 36
4 ] o 12 23
5 0 <10 7.5 i1
6 0 -80 4.8 Bet
7 1] 2.5 2.7 6.8
8 10 40 «70 6.5
9 <10 3.0 «60 4.4

10 20 4e5 10 3.1

11 70 7.5 21 «50

12 «80 18 25 «20

i3 «80 a5 21 <20

14 70 105 18 20

15 «50 95 26 «20

16 «40 140 46 «20

17 20 100 46 13
i8 .10 85 24 61

19 ] 69 9.2 43
20 ¢ 52 8.4 18

21 [ 20 7.2 6.3

22 0 10 5.9 1.8
23 [ 23 549 «70
24 0 56 543 «60
25 [} -1} 6.4 <10
26 0 80 36 ]

27 ] 62 37 1
28 0 164 26 0
29 0 ————m 17 46 1]

30 )] ————— 50 166 1]

31 0 —————— —— ————ae 138 me———
TOTAL 4.60 0 0 0 0 0 1,401,40 860.60 426.20 0 0 0
MEAN .15 0 0 0 0 0 46.7 27.8 14,2 0 0 0
MAX .80 0 0 0 0 0 164 166 104 0 0 0
MIN 0 0 0 0 0 0 0 .60 0 0 0 0
CFSM .01 0 0 0 0 0 3.29 1.96 1.00 0 0 0
IN. .01 0 0 0 0 0 3.67 2.25 1.12 0 0 0
CAL YR 1969  TOTAL 771.9  MEAN 2.1 MAX 77 MIN 0 CFSM .15 IN.

WTR YR 1970  TOTAL 2,692.8  MEAN 7.38  MAX 166  MIN 0 CFSM .52 IN.



100

LAKE OF THE WOODS BASIN

05140500 East Branch Warroad River near Warroad, Minn.

LOCATION.-~Lat 48°51'30%, long 95°18'40", in SE%SE% sec.8, T.162 N., R.36 W., Roseau County, near right bank on
piling at upstream side of highway bridge, 2 miles upstream from mouth and 3 miles south of Warroad.

DRAINAGE AREA.--102 sq mi.

PERIOD OF RECORD.--March 1946 to September 1954, June 1966 to current year (fragmentary prior to April 1947).

GAGE.--Nonrecording gage.

Altitude of gage is 1,080 ft (from topographic map).

AVERAGE DISCHARGE,.--11 years (1947-54, 1967-70), 24.6 cfs (3.28 inches per year).

EXTREMES,-~Current year: Maximum discharge, 592 cfs Apr. 28 (gage height, 8.75 ft, from graph based on gage

readings) ; no flow Aug. 12-22, Sept. 1

Period of record:
flow at times in most years.

REMARKS.--Records fair.

oAy acT
1 2.1
2 2.3
3 4.3
4 13
5 14
6 18
7 16
8 13
9 14
10 35
11 36
12 &0
13 39
14 a7
15 36
16 35
17 38
18 39
19 29
20 28
21 26
22 25
23 22
24 18
25 18
26 18
27 17
28 16
29 15
30 15
31 19
TOTAL 697.7
MEAN 22.5
MAX 40
MIN 2.1
CFSM 022
INe .25

CAL YR 1969 TOTAL 9,223.60
WTR YR 1970 TOTAL 14,455.90

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 TO SEPTEMBER 197C
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UPPER MISSISSIPPI RIVER BASIN 101
MISSISSIPPI RIVER MAIN STEM
05201000 Winnibigoshish Lake near Deer River, Minn.

LOCATION.--Lat 47°25'42", long 94°03'00", in sec.25, T.146 N., R.27 W., Itasca County, at dam on Mississippi
River, 1 mi}e}nprthwest of Little Winnibigoshish Lake'and 14 miles northwest of town of Deer Rivez} L ] /

DRAINAGE AREA.--1,442 sq mi.

PERIOD OF RECORD.--April 1884 to current year. Prior to October 1941 monthend contents only, published in WSP
1308. Published as Winnibigoshish Reservoir near Deer River October 1941 to September 1956.

GAGE.--Water-stage recorder. Datum of gage is 1,289.47 ft above mean sea level, adjustment of 1912. Prior to
July 8, 1949, nonrecording gage at same site and datum.

EXTREMES . --Current year: Maximum tents, 618,700 acre~-ft May 25 (gage height, 10.76 ft); minimum, 485,000
acre-ft Apr. 7 (gage height, 8. ft).
Period of record: Maximum contents observed, 996,500 acre-ft July 30, 1905 (gage height, 14.45 ft):
minimum observed, 33,680 acre-ft below zero of capacity table Oct. 20, 1931 (gage height, -0.69 ft).

REMARKS , --Reservoir is formed by Winnibigoshish Lake and several other natural lakes controlled by a concrete
and timber dam, completed in 1884; storage began in 1884. Capacity between gage heights 6.00 ft and 14.2
ft (maximum allowable range) is 653,570 acre-ft of which 416,270 acre-ft is controlled storage between
gage heights 6.00 ft and 12.0 ft (normal operating range). Contents shown herein are contents above gage
height 0.00 ft. Water is used to benefit navigation on Mississippi River below Minneapolis.

COOPERATION, ~-Records furnished by Corps of Engineers in terms of cfs-days and converted to acre-feet by
Geological Survey.

REVISIONS (WATER YEARS).--WSP 1308: 1905(M).

MONTHEND GAGE HEIGHT AND CONTENTS, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

Gage height Contents Change in contents
Date (feet) (acre-feet) (acre-feet)

SePt.30cccceccansscasceccsccscccsccsscsccansosssccccassssssssccccse .75 548, 600 -
OCt. 3leceaccracecocevcacassncossseconacsccscansssesasasasaccsacass 10.15 576,000 +27,400
Nov, 30.ccsccsas 10.25 583, 000 +7, 000
DEC. 3leccenccccccessensasscsnsannssonsscesosssccssnoscsccessnassens 10.17 577,400 -5,600

CAL YR 1969...ccesecscocescecccsnssancscacsssscassssassescecssnsns - - +62,900
JAN. 3licicececrecsvscccessosasensacssncssavsnvescccassnenssencsaans 9.79 551, 200 -26,200
PED. 2Buccccascecsevonesasaossacasssossavscssscesassuscnvsseaoscevess .34 521,700 -29, 500
Mar. secescececesnscscnns ceves. B,92 494,100 -27,600
APr. 30...c.i.cvunrvnrscococnvasans S - 1 3 544,700 +50,600
May 3licciiececeecvensocsorososssacscarcnsesansceancnssnasssascnasss 10,41 594,100 +49, 400
TUNE 30.cuoteereacssasessassssacossosossovascssonsssosasseansarsasss 10.14 575, 200 -18, 900
JULY 3leiucecocceeseososossrascoscasocnssnssaasscsssascsnsanncsense .66 542,700 -32,500
0 T i B - 193 § 513,100 -29,600
SEPt.30..ceciuneuiercecesecrencscsacotsncsasoncssssnssssscssacnosess B8.99 498,700 -14,400

WIR YR 1960. . cccueiecrececoroncnoscnsssussnssconssansocssaasncosns - - -49, 900



102 MISSISSIPPI RIVER MAIN STEM
05201500 Mississippi River at Winnibigoshish Dam near Deer River, Minn.

LOCATION.--Lat 47°25'42", long 94°03'00", in SW% sec.25, T.146 N., R.27 W., Itasca Counﬁy, at dam 1 mile north-
wost of Little W;nnibigoshish Lake)and 14 miles northwest of town of Deer Rlver, e f

DRAINAGE AREA. --1 442 sq mi.

PERIOD OF RECORD.--May 1884 to current year. Monthly discharge only for some periods, published in WSP 1308.

GAGE.--Water-stage recorder on headwater and nonrecording gage on tailwater. Tailwater gage read twice daily.
Datum of gage is 1,289.47 ft above mean sea level, adjustment of 1912, Prior to July 8, 1949, nonrecording
headwater gage at same site and datum.

AVERAGE DISCHARGE (UNADJUSTED).--86 years, 510 cfs (4.80 inches per year).

EXTREMES .--Water year 1969: Maximum daily discharge, 1,220 cfs Nov. 6; minimum daily, 100 cfs Apr. 16-22.
Water year 1970: Maximum daily discharge, 1,290 cfs June 9; minimum daily, 115 cfs Aug. 27 to Sept. 30.

Period of record: Maximum daily discharge, 4,370 cfs Aug. 6, 1905; no flow at times in several years.

REMARKS .--Daily discharge is computed on the basis of modified weir formula and corrected to conform with dis-
charge measurements, the head being determined from readings of headwater and tailwater gages. Flow com-
pletely regulated by Winnibigoshish Lake (see preceding page).

COOPERATION.--Computations of daily discharge furnished by Corps of Engineers; four discharge measurements made
and records reviewed by Geological Survey.

DISCHARGE, IN CUBIC FEET PER SECONDs WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969

OAY oct NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 315 975 1,180 1,020 1,050 1,060 1,040 103 525 875 880 500

2 315 960 1,180 1,010 1,050 1.060 14040 103 525 875 880 500

3 315 950 1,180 1,000 1,050 1,060 1,040 103 525 875 880 340

4 315 950 1,180 1,000 1,050 1,060 1,040 103 525 875 880 270

5 315 1,000 1,180 1,000 1,050 1,060 1,040 103 765 B75 880 280

6 315 1,220 1,180 1,000 1,050 1,060 1,040 103 785 875 880 280

7 315 1,210 1,180 1,000 1,060 14060 850 104 785 875 880 280

8 315 1,210 1,180 1,000 1,060 1,060 440 105 785 875 880 280

9 318 1,210 14180 1,000 1,060 1,060 124 105 780 87S B8O 280
10 315 1,210 1,180 1,000 1,060 1,060 130 105 795 875 880 280
11 315 1,210 1,180 1,000 10060 1,060 130 105 795 875 880 280
12 315 1,200 1,180 1,000 1,060 1,060 130 105 900 875 880 280
13 318 1,200 1,180 1,000 1,060 1,060 130 105 900 850 880 280
14 318 1,200 1,150 1,000 1,060 1,060 130 105 900 850 880 260
15 318 14190 1,140 1,000 1,060 1,060 130 105 900 850 860 260
16 318 1,190 1:130 1,000 1,060 12060 100 315 900 BS50 860 260
17 318 1190 1,000 1,000 1,060 1,060 100 530 875 B8S 860 260
i8 s 1,190 1,020 1,010 14060 1,060 100 530 875 885 860 260
19 318 1,190 1,020 1,010 1,060 1,060 100 530 875 885 860 260
20 318 1,190 1,020 1+010 1,060 1,060 100 525 875 885 860 260
21 318 14190 1,020 1,010 1,060 1,060 100 525 875 885 860 260
22 322 1,190 1,030 1,010 1,060 1,060 100 525 875 885 625 260
23 376 1,190 1,030 1,000 1,060 1,060 101 525 87% 88S 475 265
24 5 1,190 1:030 1,000 1,060 1,060 101 525 875 885 485 260
25 900 1,190 1,020 975 1,060 1,060 101 525 875 880 485 260
26 750 1,190 1,020 965 1,050 101 525 875 880 485 260
27 T40 1,180 14020 965 1,050 103 525 875 880 485 260
28 740 1,180 1,020 1,030 1,050 103 525 875 880 485 260
29 725 1,180 1,020 1,090 1,050 103 525 875 880 485 260
a0 725 1,180 1,020 1+090 1,050 103 525 875 880 500 260
31 725  ———e—e 1,020 1,040 11040 e=e——- 525 =——=-== ' 880 500  ——me==
TOTAL 13,363 34,705 34,070 31,235 29,620 32,790 94950 9,767 264340 27,140 23,350 8¢555
MEAN 431 1,157 14099 1,008 1,058 1,058 332 315 811 875 753 285
MA X 900 1,220 14180 1,090 1,060 1,060 14040 530 900 885 880 500
MIN 315 950 1,000 965 ° 1,050 1,040 100 103 525 850 475 260
CFSM «30 .80 76 «70 «73 73 23 .22 56 61 <52 .20
IN. .34 -90 -88 .81 76 -85 26 25 .63 <70 «60 .22

CAL VR 1968 TOTAL 192,312 MEAN 525 MAX 1,220 MIN 100 CFSM .36 IN 4.96
WTR YR 1969 TOTAL 278,885 MEAN 764 MAX 1,220 MIN 100 CFSM .53 IN 7.19

fro



MISSISSIPPI RIVER MAIN STEM 103
05201500 Mississippi River at Winnibigoshish Dam near Deer River, Minn.--Continued

ODISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1969 YO SEPTEMBER 1970

DAY ocT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 260 770 850 915 1,060 1,040 1,020 143 1,100 1,280 210 115

2 260 770 850 915 1,060 1,040 1+020 143 1:100 1,280 215 115

3 260 775 850 915 1,060 14040 14020 144 1,100 1,280 210 115

4 260 715 926G 915 1,060 1,040 1,020 144 1,100 1,280 210 115

S 265 175 915 915 1,060 1,040 1,020 14¢ 12240 1270 210 115

6 265 775 915 915 1,050 1,040 1,020 144 1,240 19260 210 115

7T 350 175 915 915 1,050 1,040 1,020 i85 19240 1,240 210 115

8 350 175 915 915 1,050 1,040 1020 145 1,230 200 210 115

9 &30 175 920 915 1,050 14040 740 145 1+290 690 210 115
10 435 715 920 915 1,050 14060 540 145 1,280 695 210 115
11 €30 780 920 910 1,050 1,040 320 145 1,280 700 210 115
12 430 780 915 910 1,050 1,040 132 146 1,280 705 210 115
13 430 860 915 910 1,050 1,040 134 440 1,280 710 210 115
14 68C 855 920 910 1,050 1040 136 615 1,280 560 210 115
15 670 855 920 910 1,050 14040 137 640 1,280 565 145 115
16 790 850 915 1,010 1,060 1,030 138 1,000 1+280 565 145 115
7 785 850 915 1,010 1,040 1,030 138 975 1,280 565 145 115
18 780 855 915 1,000 1,040 1,030 139 970 1,280 €90 145 115
19 775 850 915 1,000 1,040 1,030 139 1,i00 1,280 4«95 145 115
20 175 840 915 1,000 1,040 1,030 140 12120 1,270 495 145 115
21 770 840 915 1,070 1,040 1,030 140 1,120 1,270 195 145 115
22 775 840 915 1,060 1,040 1,020 140 1,110 14260 200 145 115
23 770 835 915 1,060 19040 1,020 140 1,100 1,260 200 145 115
24 770 840 915 1,060 1,040 1,020 141 1,100 19260 205 145 115
25 770 845 915 1,060 15040 1,020 141 1,090 1,260 205 145 115
26 775 845 915 10060 1,040 1,020 141 1,110 1,260 205 140 115
27 175 850 915 1,060 1,060 1,020 141 1,100 1,260 205 115 115
28 770 850 915 1,060 1,040 1,020 142 1+100 1,250 210 1i5 115
29 770 850 915 1,060 =we==- 1,020 142 1,100 1,250 210 115 115
30 770 850 915 15060  ~=m=w- 1,020 142 1,100 1,240 210 115 115
31 770 ====== 915 1,060 ==w—=- 1,020 ————— 1,100 ==eew- 210 115 ————
TOTAL 18,165 24,560 28,200 30,390 294320 31,4960 124403 20,723 37,280 19,280 5,255 3,450
MEAN 586 819 910 980 1,067 1,032 413 668 1,243 622 170 115
MAX 790 B60 920 1,070 1,060 1,040 1,020 1,120 1,290 14280 215 115
NIN 260 770 850 910 1,060 1,020 132 143 10100 195 115 115
CF5SM okl 57 «63 «68 <73 T2 29 46 «86 %3 el2 «D8
IN. 47 «63 «73 .78 76 «83 «32 53 «96. «50 elé «09

CAL YR 1969 TOTVAL 267,672 MEAN 733 MAX 1,090 MIN 100 CFSM .51 IN 6.91
WTR YR 1970 TOTYAL 261,006 MEAN 715 MAX 1,290 MIN 115 CFSN .50 IN 6.73



104 : LEECH LAKE RIVER BASIN
05206000 Leech Lake at Federal Dam, Minn.

LOCATION.--Lat 47°12'23", long 94°18'31", in lot 2, sec.l4, T.143 N., R.29 W., Cass County, at head of Leech
Lake River on waboose Bay, 5 miles southwest of town of Federal Dam.

DRAINAGE AREA.--1,163 sq mi. - : \
PERIOD OF RECORD.-~April 1884 to current year.‘ :nontixend contents only for-seme pexiods, published in WSP 1308..
Prior to October 1956, published as "Leech Lake Reservoir".

GAGE,~-Water-stage recorder. Datum of gage is 1,293.23 ft above mean sea level, adjustment of 1912. Prior
to Dec. 31, 1884, nonrecording gage 0.5 mile north of outlet to Leech Lake River at datum 5.76 ft lower.
Dec. 31, 1884, to May 24, 1931, nonrecording gage half a mile north of outlet to Leech Lake River at pre-
sent datum.

EXTREMES . --Current year: Maximum contents, 281,300 acre~ft June 19 (gage height, 1.98 £t): minimum, 130,000
acre-ft Apr. 9 (gage height, 0.71 ft).
Period of record: Maximum contents abserved, 734,300 acre~-ft June 30, 1916 (gage height, 5.18 ft); mini-
mtlxmlobae?ed, 72,830 acre-ft below zero of capacity table Sept. 30, Nov. 19, 1934, Jan. 9, 1935 {(gage height,
- 8 ft

REMARKS .~-Reservoir is formed by Leech Lake and several other natural lakes controlled by concrete and timber
dam; storage began in 1884; original timber structure completed in 1884, replaced by present dam in 1902.
Capacity between gage heights 0,00 ft and 5.24 ft (maximum allowable range) is 689,780 acre~ft, of which
356,570 acre~ft is controlled storage between gage heights 0.00 and 3.00 ft (normal operating range).
Contents shown herein are contents above gage height -0.50 ft. Water is used to benefit navigation on
Mississippi River below Minneapolis.

COOPERATION.~-Records furnished by Corps of Engineers in terms of cfs-days and converted to acre-feet by Geo-
logical Survey.

MONTHEND GAGE HEIGHT AND CONTENTS, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

Gage height Contents Change in contents

‘ Date (feet) (acre-feet) (acre-feet)
T = 1 1.28 192,700 -
00, 3Bl..i.veinuciorenoscocoaonsscncsneansscnscassaccsaasssoosssne 1.50 220,600 +27,900
Nov., 30..... esseccescssanevssneans ettt esesesvscrrcensserenns P 1.08 170,200 -50, 400
DEC. 3l..cteeeosessecascorsssovarosossasvasassancsassscssssnonnecs 1.23 186, 500 +16,300

CAL YR 1969.ccvvurcurcnuuerncosconcoscacasvosansenssonvacsocsns - - -11,200
Jan. 1.01 162,600 =23, 900
Feb. .86 146,300 -16, 300
Mar. 3l...ciuceuecnevocncecercccsearasasescscnssocnsasassnsonsoes .76 135,400 -10, 900
BPY. 30..cceccucscocrcacasssacscsonnossosasasansenscasnsasavasees  1.50 220,600 +85, 200
L 1.83 262,200 +41, 600
JUNe 30...cucevccccnnccnscrcsoscnnassosesescssescsncsecscssccsses 1.86 266,000 +3,800
TULY 3licceeecececsaecencaoconvesonssasaconacaacncsacacasvancasas 1.46 215,400 ~50, 600
T R 1.00 161, 500 -53, 900
SEPt.30.ccoscacsoccscsonscssssssercronncsnsssscccsssccascssecanocns .78 137,600 -23, 900

WIR YR 1970.ccceccorcccvescssoscecsvcnvessaccscacsccsnasanscnss - - -55,100




LEECH- LAKE RIVER BASIN 105
05206500 Leech Lake River at Federal Dam, Minn.
LOCATION.--Lat 47°14'45", long 94°13'12", in sec.29, T.144 N., R.28 W., Cass County, on right Bank at dam on

Leech Lake River at town of Federal Dam, 2 miles downstream from hatural outlet of Leech Laké.
DRAINAGE AREA.--1,163 sq mi. ’
PERICD OF RECORD.--May 1884 to current year. Monthly discharge only fo?:‘ some periods, published in WSP 1308.

GAGE.--Water-stage recorder, headwater gage, and nonrecording tailwater gage. Datum of g;agé is 1!_29‘3.23 ft
above mean sea level, adjustment of 1912. Prior to July 3, 1948, nonrécording headwater gage at ‘same datum.
May 27 to Nov. 30, 1929, nonrecording gaM\aite 600 ft Aownstream at different datum.

G L B RXCing g2 . .

A
AVERAGE DISCHARGE--86 years, 349 cfs, 'unadjusted(4.08 inches per year).

EXTREMES , -~Current year: Maximum daily'“!n‘séﬁirge, 898 cfs Dec. 9-11, 13, 14, 19; minimum daily, 52 cfs July 14,
15. . . .
Period of record: Maximum daily discharge, 2,520 cfs June 7, 1957 (result of dam failure): no flow at

times.

REMARKS . --Discharge computed on basis of modified weir formula, the head being obtained from readings on tail-
water gage and mean gage height from recording headwater ‘gac’ge. Flow completely regulated by Leech Lake (see
preceding page). ’ " )

COOPERATION, --Computations of daily discharge furnished by Corps of Engineers; nine discharge measurements made
and records reviewed by Geological Survey.’ . )

DISCHARGEs IN CUBIC FEET PER SECCND, WATER YEAR OCTOBER 1966 TO SEPTEMBER 1970

cavy cer NOV DEC JAN FEe MAR APR MAY JUN JuL Aue SEP
1 245 658 756 873 750 700 615 100 441 515 162 73
2 251 €58 812 87¢ 712 675 675 100 441 520 1€2 73
2 234 662 807 870 65C 675 67¢% 1C0 441 520 106 73
“ 245 67C 843 87¢C 662 675 675 100 441 515 1¢6C 73
5 297 658 322 €82¢ 70C 675 675 102 525 515 100 73
€ 22¢ 654 e7¢ 87s «25 675 675 100 525 515 1cc 73
7 363 654 873 874 6€S 675 075 120 525 260 100 73
e 381 650 ‘862 868 665 675 6SC 1C0 525 156 1CC 73
S 387 €54 8se 8638 665 675 71C 130 525 104 10C 73
1< 416 €58 ese g47 114 615 -1 100 525 104 ico 73
11 258 678 es¢e 858 65¢C 675 96 100 520 104 s T2
12 358 685 862 858 675 675 S$6 100 515 104 75 72
13 376 690 868 841 635 675 G6 104 515 104 75 72
14 h414 €23 858 856 590 675 96 1064 523 52 5 72
15 403 604 8E¢ s [3%] €75 $6 104 525 52 7% T2
1¢ 368 608 BEl 77¢ 65¢C 675 S6 234 525 1C4 % L]
17 405 616 8gl’ 1¢0 (119 675 Sé 390 530 104 75 T2
1€ 44 608 862 146 65¢C 675 S¢é 390 515 102 75 95
1$ 52% 114 .868 . 736 625 675 Sé 440 525 102 5 95
24 535 699 87y 653 625 350 S6 440 523 102 15 94
21 642 6SS 87¢ 647 65C 675 100 430 520 102 5 9¢
22 648 709 859 643 675 €75 160 430 520 102 75 26
3 €32 74¢ 842 647 675 675 1cC 437 520 102 5 95
24 €438 726 8217 651 675 675 100 437 520 102 3 95
2¢ €3S 788 aee 6690 65C 675 1¢C LTLY 515 102 13 95
2¢ &e7C 78¢ aee 664 63€ 675 1CC 444 515 109 12 SE
27 690 736 875 645 67¢ 675 1cc 437 515 100 73 95
i 662 186 872 66< 675 675 100 437 515 100 72 SE
2% €41 791 8eg 6¢8 ————- 675 100 437 515 1006 73 95
3 639 7¢6 8175 712 c————— €75 1c¢ b4 515 100 3 95
21 €36 ————— (R e] 735  c=e-e- 675 - 441 ————— 102 13 ——————
TCTAL 144613 2,677 2645657 23,827 184427 200625 €y181 8,221 155294 Ss766 24563 24472
MEAN 471 €8¢ 87¢ 16 658 665 213 265 510 166 8247 824
FAX 690 798 8se ers BEC 700 71C 444 530 520 102 9¢
MIN 234 604 156 643 425 359 S6 100 441 52 73 72
CFSM okl «5¢ 15 66 517 57 23 23 b4 16 oG «07
N, b7 266 - EE « 76 ] .66 .26 26 49 el8 <08 »J8
CAL Y2 19€S TOTAL 215,357 MEAN €21 MAX So6L MIN 62 CFSM .52 IN 7.02
Wk ¥&3 1970 TLTAL 167,633 MEAN 456 MAX 568 MIN 52 CFSM L35 IN 5.36

- L1770 o
S



106 MISSISSIPPI RIVER MAIN STEM
05210500 Pokegama Lake near Grand Rapids, Minn.

LOCATION.--Lat 47010'00", long 93°33'20", in NW% sec.17, T.54 N., R.25 W., Itasca County, at narrows on U.S..
Highway 169, 4 miles south of Grand Rapids. N

DRAIRAGE AREA.--3,265 sq mi.

PERIOD OF RECORD.--aApril 1884 to current year. Prior to October 1941 monthend contents only, published in WSP
1308. Published as Pokegama Reservoir near Grand Rapids October 1941 to September 1956.

GAGE.~--Water-stage recorder. Datum of gage is 1,264.89 ft above mean sea level, adjustment of 1912. Prior to
May 30, 1949, nonrecording gage at Pooles Arm of Pokegama Lake, 5 miles northwest at same datum.

EXTREMES.--Current year: Maximum contents, 65,970 acre-ft May 5, 6 (gage height, 962 f£t(; minimum, 33,480
acre-ft Feb. 27 (gage height, 7.20 ft).
Period of record: Maximum contents, 121,400 acre-ft May 8, 1897 (gage height, 13.50 ft): minimum ob-
served, 4,520 acre-ft below zero of capacity table Sept. 30, 1934 (gage height, 4.12 ft).

REMARKS .~-Regservoir is formed by Pokegama Lake and several other natural lakes controlled by concrete dam;
storage began in 1884; original timber dam completed in 1884, replaced by present structure in 1888-89.
Capacity between gage heights 6.00 ft and 12.0 ft (maximum allowable range) is 81,720 acre-ft, of which
53,150 acre-ft is controlled storage between gage heights 6.00 ft and 10.00 ft (normal operating range).
Contents shown herein are contents above gage height 4.50 ft. Water is used to benefit navigation on Mis-
sissippi River below Minneapolis.

COOPERATION.--Records furnished by Corps of Engineers in terms of cfs-days and converted to acre-feet by
Geological <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>