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SMALL-STREAM FLOOD INVESTIGATIONS
-IN MINNESOTA

.~ October 1958 to September 1975

By Lowell C. Guetzkow and Kurt T. Gunard

INTRODUCTION

. Purpose and Scope

The first consideration in the hydraulic design of drainage structures is
the magnitude and frequency of the design flood or maximum peak flow the struc-
ture is intended to discharge safely and economically. Studies of flood fre-
quency in Minnesota, based on analyses of available streamflow records, have
provided inforﬁation generally applicable to stréams with drainage areas greater
than 50 square miles. The results of these studies are contained in U.S. Geolog-
ical Survey Water-Supply Papers 1677, 1678, 1679, and 1680, titled "Magnitude
and Frequency of Floods in the United Sfates". The areas to which these reports
are applicable are divided, according to major drainage basins, as follows: St.
Lawrence River Basin (Part 4) in Water-Supply Paper 1677; Hudson Bay and Upper
Mississippi River Basins (Part 5) in Water-Supply Paper 1678; Missouri River
Basin above SiouxlCity, Iowa (Part 6-A) in Water-Supply Paper 1679; and Missouri
River Basin below Sioux City, Iowa (Part 6-B) in Water-Supply Paper 1680. How-
ever, few flood records have been available for small watersheds, and the deter-
mination of reliable flood-frequency characteristics for these small basins,
particularly for use in the design of highway drainage structures, has not been
possible.

To £ill this need; a small-stream flood-investigation program for Minnesota
was initiated in August 1958. This program was designed to provide flood data
on streams having drainage areas generally less than 50 square miles, placing
particular emphasis on those less than 10 square miles. Present effort is

oriénted toward the collection of hydrologic data that will form the basis for
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defining flood-frequency characteristics and provide information for detailed
hydrologic studies. |

The program is being administered under the general supervision of Charles
R. Collier, District Chief, and is operated under the direct supervision of
Lowell C. Guetzkow.

This report, which is the Sikth of a biennial series, has been prepared to
inform the cooperators and other inﬁerested parties of the status of the program
and to make available the hydrologic data collected since the inception of the
program through the 1975 water year.. Included in the report are a general de-
scription of the program, méthods of operation, and a presentation of the basic

data.

CooEeraEion

The small-stream flood investigations in Minnesota are financed under a
cooperati&e agreement between the Minnesota Department of Highways and the U.S.
Geological Survey. The original cooperative agreement was initiated in August

1958 and has been renewed anﬁually since that time.

DESCRIPTION OF PROGRAM

The ideal basis for selection of design discharge is from frequency-
discharge relationships defined for each stream under consideration. ‘However,
installation of gages on the vast number of small streams is impractical, and
so it becomes necessary to confine the investigation to a sampling process.
Flood data collected from a small number of sampling stations can be made appli-
cable to a region by analyzing the flood data and relating them to measurable
basin characteristics. In this way, regionalized flood-magnitude and frequency
data for the entire State can be developed.

The program is planned so as to obtain hydfologic data to supplement that
contained in previously published flood-frequengy reports, The data available
at the time these reports were prepared were inadequate to define reliable flood-
frequency characteristics for small watersheds in Mimnesota. In general, streams
with drainage areas of less than about 50 square miles fall in this category. To
provide hydrologic data for small basins, gaging-station sites have been selected

on watersheds ranging in size from 0.05 to 65 square miles.

-

4 . I

. 4
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Gages were installed at selected sites over a period of 8 years. Site se-

lection and gage installation began in August 1958 upon the consummation of the
cooperative agreement with the Minnesota Highway Department. Progress in the

installation of gages has been as follows:

Calendar year Gage installations completed

1958 36

, 1959 ‘ 46
1960 : -39

1961 14

1962 ) ' 1

1963 . 14

1964 ‘ 1

1965 : _8

. Total 159

Data collection has been discontinued at 35 sites because of unstable con-
trol conditions or highway relocation. Present plans are to maintain the existing
network of 124 stations until sufficient data are obtained to define regionalized
flood-frequency characteristics. The program could then be reduced to a smaller
network of stations, which could provide data to determine long-term trends and
improve on the regionalized frequency relations., Figure 1 shows the location of
gaging stations for which data are tabulated in this report.

Hydrologic data obtained under this program consist primarily of the annual
peak gage height and discharge occurring at each active gaging station. The
annual peak data.are determined on a water-year basis. The water year is defined
as the period beginning October 1 and ending September 30. Each station is equipped
with a crest-stage gage, which records the peak stage. Discharge measurements are
made throughout the range in stage to establish a stage-discharge relation.

To supplement the record of instantaneous peak discharges, 1l stations have
also been equipped with iecording gages, from‘which discharge hydrographs can be
derived to show the total volume of runoff during floods. Most stations equipped
with continuous recorders have had automatic tipping-bucket rain gages installed,
so as to obtain simﬁltaneous records of water stage and precipitétion. The re-

cording equipment is not installed permanently but will be operated at a site for
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a period long enough: to establish a basis for.a study of rainfall-runoff relation-
ships. The period of operation at any one site will vary in length, dependent on
the number of storms annually. In this way, discharge hydrographs and rainfall
records will be obtained at a maximum number of locations with a minimum amount

of equipment. The crest-stage gage wil; remain as the permanent gage at each
location.

Approximately 30 manually read rain gages are used to supplement the record-
ing gage network. These gages are located near the crest-stage sites and are read
by local volunteer observers.

Included in the program are provisions for the investigation of outstanding
floods on ungaged areas. These investigations are confined to present or proposed
highway crossings.

A determination and tabulation of many basin characteristics that may affect
the magnitude of floods have.been made, as a paft of this program. The basin

characteristics selected for evaluation are:

1. Drainage area. 4. Mean basin altitude.
2. Main-channel length. 5. Forest area.
3. Main-channel slope. /6. Area of lakes and swamps.

PROGRAM OPERATION

Selection of Gaging Station Sites

Many factors enter into the selection of a gaging-station site, which, in
combination, greatiy restrict the number of suitable sites. Because the program
involves a sampling process, it is neceésary to select sites that represent
various types of topography énd soil conditions, provide adequate areal coverage,
and include the desired range in drainage area size.

In addition to the physical propertieé listed above, consideration must be
given to the hydraulic conditions at the site. The définition of a stage~-
discharge relationship fequires a reasonably stable control and channel condi-
tions, so.that ;cour and deposition of bed matgrial are at a minimum. The site
must provide a‘suitablé location for the crest-stage gage, so as to protect it

from destruction by high velocities, debris, or ice. Because of the flashy nature

of runoff from small watersheds, it isvoften necessary to rely on indirect methods



of measuring discharge rather than the conventional current-meter measurement.
Bridges and culverts, which form channel constrictions, are convenient control
structures for indirect measurement of flood discharge. Where such structures
are not available, the site must have an adequate reach of reasonably uniform
channel, where the discharge can be computed by the slope-area method. It is
only after these and other minor factors have been considered that final selection

of a gaging site is made.

Instrumentation

As previously noted, thé permanent gage at each station is a simple device
called a "creét-stage gage"; The gage used in Minnesota consists of a 2-inch
pipe containing a éraduated wooden rod and a small amount of granulated cork.

The pipe is closed at both ends exceét for a group of intake holes at the bottom
and a vent hole at the top. The gage pipe is mounted in a vertical position by
pinning it to a support pife driven ipto the stream bed or by attaching it to the
wingwall of a bridge or culvert. The gage is set so that the intake holes are
above the stage of sustai;ed low flows. As the water rises in the stream and
covers the intake holes, it also rises ihside'thé‘gage pipe. The granulated cork
floats on the rising water surface inside the'pipé, and, when the stage recedes,
a ring of cork is deposited on the wooden rod at the same elevation as the peak
stage. After the flood peak has passed, the peak stage is determined by removing
the graduated rod and reading the elevation of the cork line.

Equipment at recording stations consists of a stilling well connected to the
stream by intake pipes, a shelter atop the stilling well, a continuous graphic
recorder, and an automatic tipping-bucket rain gage. Water from the stream
enters through intake pipes to the stilling well, where a float activates a re-
corder pen, which graphically traces the fluctuating water surface.

The automatic rain gage consists of a receiver mounted on the roof of the
shelter, a tipping-bucket device, and a battery-pbwered counter with pen attach-
ment. Rainfall is collected in the réceiver and then transferred to the tipping-
bucket device, where it is measured in O.l-inch increments. When 0.1 inch of
rainfall accumulates, the bucket tips fheréby closing an electrical circuit,
which activates the counter and causes movement of a second pen on the recorder

chart.



Recording of both precipitation‘and river stage simultaneously, on the same
chart, is advantageous in that it eliminates errors in gomputing lag time between
precipitation and runoff due to variations inytime correction that could occur if
separate recqrding instruments were.psed. It also provides ease of correlation

by visual inspection.

Data Collection and Analysis

Systematic visits are made to each gaging station through most of the year
at approximately monthly intervals. Additional inspections are made during the
spring breakup and during periods of iﬁtensg thundershowers. During the winter,
when flood peaks normally d5 not occur, the gage inspections are discontinued,
unless it is known that runoff has been significant in fhe basin. At each visit,
the elevation of the peak stage is determined and verified, whenever possible,
by comparison with high-water marks. In the event of outstanding floods, which
occasionally overtop the gage, gage‘beights are obtained by making a transit-
stadia survey of high-water marks in the vicinity of the gage from which a plot
of the water surface profile is made.

As two or more peak flows may occur between visits to a gaging station, a
higher peak may wash off the éork lines left by previously recorded lower peaks.
As a result, the crest stage for all floods at a particular site will not be
available. However, the highest annual peaks, which are the data to be used in
the magnitude and frequency analyses, will be recorded. 1In addition, many lesser
peaks.will‘also be known.

At stations equipped with recording gages, all peaks during the year will be
available from the continuous strip charts. These recorders are serviced and the
charts removed on a mpnthly basis.

Current-meterVmeasurements are obtained whenever flows are in the range where
definition of the stage-discharge relation is required. During floods, however,
it is frequently impossible to measure high discharges. Structures from which
current-meter meésu;ements were té have been made may be damaged or not suitably
located; stream velocities may be too high; knowledge of the flood rise may not
be available in sufficient time to Rermit réaching.the site at Fhe time of the
peak; flow of debris or ice may prevent u%élof a current meter; or limitations

of personnel may preclude direct measurements of discharge at all stations within



7
the flood area. Consequently, considerable. reliance must be placed on indirect
measurements of peak discharge to establish the stage-discharge relation, or
rating curve, as it is frequently termed.

Indirect measurements are of four types, as listed below:

-1l. Flow through culverts.

2. Flow through width contractions.

3. Slope-area.

4. Flow over dams and embankments.
Indirect measurements make use of the energy equation for computing discharge.
The specific equations differ for different types of flow; however, all the
methods involve these general factors:

1. Physical characteristics of the channel, such as channel di-

mensions, boundary conditions, and channel conformation.

2. Water-surface elevations at time of peak stage to define the

upper limit of the cross-sectional areas and the difference in
elevation between two significant points.

3. Hydrauiic factors based on physical characteristics and water-

surface elevations, such as roughness coefficients and discharge
coefficients.

Most indirect measurements of peak dischérge made under this program are of
the "flow through culvert" tyée, although all the rémaining methods are utilized
to a lesser degrée; In each case, a transit-stadia survey is made to determine
the high-water profile, geometry of any structure involved, channel cross sec-
tions, and roadﬁay features, when applicable. Engineers making the survey evalu-
ate roughness coefficients and appraise possible backwater conditions at the
site. From these data and the appropriate equations for the type of indirect
measurement being made, the peak discharge can be computed. A digital-computer
program developed by the Geological Survey facilitates the computation of peak
discharges. This program includes ‘the various types of culvert-flow computations
necessary for the determination of the stage-discharge relation. Using this
method, theoretical ratings have been computed 'for a considerable number of
stations.

A complicating-factor in determining peak discharge is the occurrence of

ice backwater during periods of high runoff in early spring. For this reason,
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more frequent inspections of the gaging stations are made during the spring
breakup than at other times in order to make assessments of ice conditions, from
which backwater corrections can be ascertained.

Permanent bench marks are established at each gaging station to provide the
basis for maintaining a stable gage datum. Level loops aré run annually to de-
tect any movement of the gage and to determine the datum correction applicable.

At the end of each water year, the peak stages are corrected to the base
datum and tabulated. Backwater cénditions are then evaluated and appropriate
corrections applied, where necessary. From this tabulation, the highest effective
peak stage for the water year is determined. When sufficient discharge measure-
ments become available, a curve of relation between stage and discharge is es-
tablished. By application of this curve, the maximum discharge for the water
year is obtained. The dates on which peak flows occur are obtained from pre-
cipitation data collected under this program and by correlation with time-oriented

peak data from recorder-equipped stations.

Flood Investigations at Miscellgnequs Sites
To enﬁance the supply of peak-flow inforhation, investigations are made of
outstanding small-area floods, even though they océur ih basins outside the crest-
stage network. These investigations are undertakén to provide peak stage and
discharge. Also, precipitation daéa may be collected from local sources in the

immediate area. The available maximum discharges at miscellaneous sites are

listed in table 1.

PRESENTATION OF DATA

Maximum Floods

Peak discharge data for small drainage areas in Minnesota have now been
collected at some locations for as long as 17 years, commencing in 1958. During
this time, several outstanding floods have occurred, for which data are available
at gaging stations and at miscellaneous ungaged sites., These recorded peak flows
may provide a reasonable basis for esfimating the maximum flood flows to be ex-
pected in various parts of the State.

The State has been divided into seven hydrologic regions, as illustrated in

figure 1. These region boundaries are intended to enclose areas having similar
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hydrologic characteristics and are identical to those used in the Minnesota High-
way Depaftment Drainage Manual. The region boundaries are considered provisionai
and may require revision when a complete analysis of the flood data is made. Such
revision would be consistent with the objectives of the program--to define flood-
frequency characteristics on a regional basis.

The relative magnitude of flood flows from small drainage areas is indicated
by a comparison of maximum dischafge in relation to drainage area size. These
data for each of the several hydrologic regions are shown in figures 2-8, wherein
the maximum discharge observed at each gaging station or miscellaneous site is
plotted against drainage area.

Each figure contains an enveloping curve of maximum discharges for drainage
areas ranging in size from 0.05 to 18 square miles. This curve has been based
on a composite plot of all maximum discharge data available for small drainage
areas in Minnesota and provides a means of comparing maximum discharge values

observed in a particular region with those observed throughout the State.

Station Manuscripts

Hydrologic and physiographic data pertinent to each gaging station are pre-
sented in the section of this report titled "Gaging-station Records". A manu-
script is included for each active gaging stétion in the program. Data for
several discontinued stations having a significant amount of record are also in-
cluded. The manuscript gives the permanent station number and name, site number,
location, drainage area, period of records available, type of gage, pertinent
elevations of on-site structures, bankfull stage where applicable, basin charac-
teristics, and a tabulation of the annual maximum discharges and corresponding
gage heights.

Some drainage area outlines were originally determined from maps of poor
quality or by photographic interpretation. As topographic maps became available
for these areas, previously determined drainage areas have been revised. Revised
drainage area figures are indicated when first published by the word "revised" in
parenthesis following the figure.

For some years, insufficient information was available to determine the an-
nual maximum discharge, and, in these cases, a footnote states "discharge not

determined". This does not mean that the discharge will never be known, but
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indicates that the determination of peak flow has been delayed, pending the ac-
cumulation of additional data. Present inability to determine annual maximum
discharge is usually due to a lack of discharge measurements with which to de-
fine the stage-discharge relation. When more data become available, the appro-
priate discharges will be computed and published.

Annual peak gage heights are determined from an arbitrary local datum, which
is tied in to the on-site drainagé structure. Information regarding the recovery
of this datum can be obtained from the Minnesota distric£ office of the U.S.
Geological Survey, 1033 Post Office Building, St. Paul, Minnesota 55101. At
some sites the mean sea level datum of the gage is available and is given in the
"Gage" paragraph of the manuscript.

The omission of annual peak gage heights in the tabular listing is usually
the result of low-water years, when the peak'stage did not reach the bottom of
the gage. Under these circumstances, a footnote describing the condition is
entered in place of the peak gage height, and a maximum discharge of less than
the value corresponding to the elevation of the gage zero is given. This would
represent a limiting value for the maximum discharge. Occasionally, a malfunction
of the gage occurred, resulting in the loss of the annual peak gage height. A
dash is inserted in the gage-height tabulation to indicate such a loss, and, if
conditions permit, the annual maximum discharge is estimated on the basis of a
correlation with adjacent stations or by evaluation of precipitation data and

their relationship to other available peak data.

Definition of Terms

~The terms referring to hydrologic data, as used in this report, are defined
as follows:

Permanent station number -~ Distinctive numbers assigned on a national basis
to each gaging station to provide a convenient method of geographical location
and identification. The numbers are assigned on the basis of downstream order
for each major river basin. The identification number consists of two elements
separated by a hyphen--(l) the part number and (2) the station .number. The digit
to the left of the hyphen designates the part or major river basin in which the
station is located. Part divisions pertinent to Minnesota are as follows:

Part 4, St. Lawrence River basin; Part 5, Hudson Bay and Upper Mississippi River



11
basins; and Part 6, Missouri River basin. The digits to the right of the hyphen
designafe the station's downstream position within the basin.

Site number - These numbers assigned to each station included in the crest-
stage network are used as a means of local identification for those stations
operated in the cooperative program with the Minnesota Highway Department.

Bankfull stage - That gage height at which the stream begins to flow over-
bank or recedes from the flood plain. It pertains to bank elevations in the
immediate vicinity of the gage.

Main-channel length - The length of the watercourse, in miles, from the
gaging station to the basin divide, as measured on topographic maps with dividers.
The main channel is defined as the watercourse that drains the greatest area.

Main-channel slope - The slope of the watercourse, in feet per mile, deter-
mined as the average between points 10 percent and 85 percent of the distance
along the main channel from the gaging station to the divide.

Mean basin altitude - The altitude, in feet above mean sea level, computed
as the mean of elevations at the 10 percent and 85 percent points along the main
stream channc,

Forest area -~ Area expressed as percentage of the drainage area covered by
forests, as shown on topographic maps, determined by the grid method.

Area of lakes and swamps - Area expressed as percentage of the drainaqe

area covered by lakes, ponds, and swamps, as shown on topographic maps, deter-

‘mined by the grid method.

Occasionally swamp and forest area may be common, resulting in the sum of

forest area and lake and swamp area being greater than 100 percent of the total

drainage area.
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20 : STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0113.7 Little Devil Track River near Grand Marais, Minn,
(Site No. 132)
Location.--Lat 47947'09", long 90°19'44", in NE4NWY% sec.9, T.61 N., R.l E., at

culvert on County Highway 12, 1.6 miles above mouth, and 2.5 miles north of
Grand Marais.

Drainage area.--7.49 sq mi.

Records available.--October 1960 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--12.90 ft, upstream; 11.73 ft, downstream.

Bankfull stage.--15 ft.

Basin charactéristics.--Main-channel length, 4.88 miles; main-channel slope,
51.4 ft per mile; mean basin altitude, 1,544 ft; forest area, 92 percent;
area of lakes and swamps, 10 percent.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
51961 Apr. 20, 1961 17.50 156
1962 May 23, 1962 16.25 74
1963 . June 15, 1963 al5.54 19
1964 May 6, 1964 19.06 260
1965 May 21, 1965 17.35 137
1966 May 5, 1966 17.21 129
1967 Apr. 17, 1967 22.43 390
1968 Apr. 26, 1968 %6.56 92
1969 Oct. 9, 1968 20.62 : 341
1970 Apr. 29, 1970 18.10 188
1971 Oct. 27, 1970 19.24 273
1972 May 2, 1972 17.39 138
1973 May 1, 1973 15.63 51
1974 May 11, 1974 18.96 250
1975 July 2, 1975 15.75 56

a Backwater from debris.
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4-0113.9 Little Devil Track River tributary near Grand Marais, Minn.
(Site No. 170)
Location.--Lat 47°947'17", long 90°l9'20", in SE%SE% sec.4, T.61 N., R.l1 E., at

culvert on County Highway 55, 0.2 mile above mouth, and 2.8 miles north of
Grand Marais.

Drainage area.--0.47 sq mi.
Records available.--October 1965 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--8.49 ft, upstream; 6.69 ft, downstream.

Bankfull stage.--9 ft.

Basin charactéristics.--Main-channel length, 1.15 miles; main-channel slope,
192 ft per mile; mean basin altitude, 1,543 ft; forest area, 83 percent:
area of lakes and swamps, O percent.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
1966 May 5, 1966 b10.88 5.3
1967 Apr. 17, 1967 16.41 40
1968 June 14, 1968 10.09 6.4
1969 Oct. 9, 1968 16.02 19
1970 Sept.21, 1970 .. . 16.02 19
1971 Oct. 27, 1970 16.31 28
1972 Oct. 27, 1971 14.42 15
1973 Sept. 1, 1973 10..02 6.1
1974 Apr. 22, 1974 bll.64 8.9
1975 Apr. 23, 1975 b 9.91 3.8

GPO 822-359-3

b Backwater from ice.
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4-0131. Lake Superig# tributary near Taconite Harbor, Minn.
(Ssite No. 161)
Location.--Lat 47°29'14", long 90059'19", in SWX%SE% sec.20, T.58 N., R.5 W., at

culvert on U. S. Highway 61, 0.2 mile above mouth, and 3.7 miles southwest
of Taconite Harbor.

Drainage area.--1.56 sq mi.

Recoxds available.-~October 1963 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--4.92 ft, upstream (corrugated pipe); 4.08 ft, down-
stream (concrete box culvert).

Bankfull stage.--10 ft.

Basin characteristics.--Main-channel length, 2.80 miles; main-channel slope,
226 ft per mile; mean basin altitude, 1,028 ft; forest area, 99 percent;
area of lakes and swamps, 8 percent.

Annual maximum data.--

Water vyear Date Gage height (ft) Discharge (cfs)
1964 May 23, 1964 11.63 167
1965 Apr. 21, 1965 8.12 59
1966 Apr. 15, 1966 b7.69 33
1967 Apr. 17, 1967 10.37 125
1968 Apr. 25, 1968 7.20 33
1969 Oct. 9, 1968 9.62 102
1970 Apr. 26, 1970 7.71 48
1971 Oct. 27, 1970 12.28 188
1972 Aug. 21, 1972 14.05 600
1973 June 4, 1973 7.12 32
1974 Oct. 6, 1974 10.47 129
1975 Apr. 28, 1975 7.94 54

b Backwater from ice.
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4-0132. Caribou River near Little Marais, Minn,
(site No. 130)
Location.--Lat 47027'51“, long 91°01'50", in Nw4%SE% sec.36, T.58 N., R.6 W., at

culvert on U..- S. Highway 61, 0.2 mile above mouth, and 5.2 miles northeast
of Little Marais.

Drainage area.--22.7 sq mi.

Records available.--October 1960 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--8.89 ft, upstream; 8.42 ft, downstream.

Bankfull stage.--15 ft.

Basin characteristics.--Main-channel length, 14.6 miles; main-channel slope,
52.6 ft per mile; mean basin altitude, 1,286 ft; forest area, 99 percent;
area of lakes and swamps, 7 percent. .

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
1961 Apr, 20, 1961 ~ 15.97 1,130
1962 Apr. 27, 1962 1l.28 190

May 23, 1962
1963 Apr. 7, 1963 bl3.23 307
1964 Apr. 28, 1964 l6.74 1,340
1965 May 15, 1965 12.66 443
1966 Apr. 19, 1966 13.34 548
1967 Apr. 17, 1967 15.70 1,080
1968 June 9, 1968 12.14 378
1969 Oct. 9, 1968 13.64 608
1970 Apr. 27, 1970 13.12 500
1971 Oct. 27, 1970 16.63 1,320
1972 Aug. 16, 1972 16.28 1,230
1973 June 4, 1973 12.92 463
1974 May 11, 1974 13,88 655
1975 Apr. 23, 1975 12.69 422

b Backwater from ice.
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"4-0151.5 Crow Creek near Silver Creek, Minn.
(Sité No. 58)
Location.--Lat 47°08'30", long 91°34'38", in Swyswjk sec.23, T.54 N,, R.10 W.,

at culvert on County Highway 3, 2.3 miles northeast of Silver Creek, and
4.0 miles above mouth.

Drainage area.--1.07 sq mi.
Records available.--October 1959 to Septembef 1975,
Gage.-~-Crest-stage gage upstream from culvert.

Culvert invert elevations.--6.97 ft, upstream; 6.37 ft, downstream.

Bankfull stage.~-8 ft.

Basin characteristics.-—Main-cﬁannel length, 2.60 miles: main-channel slope,
108 ft per mile; mean basin altitude, 1,195 ft; forest area, 93 percent;
area of lakes and swamps, 19 percent.

Annual maximum data.--

Water vyear Date Gage height (ft) Discharge (cfs)
1960 Apr. 13, 1960 9.56 49
1961 Apr. 20, 1961 11.08 121
1962 May 23, 1962 8.47 21
1963 Apr. 2, 1963 b9.20 19
1964 May 23, 1964 9.30 41
1965 Apr. 19, 1965 " b9.29 23
1966 Aug. 8, 1966 9.13 37
1967 June 12, 1967 8.81 ) 29
1968 Apr. 24, 1968 9.65 51
1969 Apr. 13, 1969 8.83 32
1970 - Apr. 27, 1970 8.72 30
1971 Apr. 12, 1971 b9.30 30
1972 ) Sept.20, 1972 11.34 196
1973 June 17, 1973 9.29 43
1974 Oct. 9, 1973 11.19 154
1975 Apr. 23, 1975 c9.00 . 34

b Backwater from ice
¢ Affected.by shifting control



STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0152. Encampment River tributary at Silver Creek, Minn.
(site No. 59)
Location.--Lat 47°07'01", long 91°36'04", in NE%SE% sec.33, T.54 N., R.10 w.,

at culvert on County Highway 3, 0.3 mile north of Silver Creek, and
1.4 miles above mouth.

Drainage area.--0.96 sq mi.

Records available.--October 1959 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--5.02 ft, upstream; 4.07 ft, downstream.

Bankfull stage.--8 ft.

Basin characteristics.-~Main-channel length, 1.70 miles; main-channel slope,
183 ft per mile; mean basin altitude, 1,142 ft; forest area, 97 percent;
area of lakes and swamps, 0 percent.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
1960 Apr. 13, 1960 8.65 | 72
1961 Apr. 20, 1961 9.17 85
1962 May 23, 1962 6.81, 26
1963 Apr. 7, 1963 6.55 20
1964 Sept. 7, 1964 7.50 41
1965 May 21, 1965 7.01 29
1966 Aug. 8, 1966 7.77 47
1967 Apr. 9, 1967 c7.78 45
1968 July 12, 1968 11.49 245
1969 Aug. 6, 1969 7.73 46
1970 May 9, 1970 7.21 31
1971 Apr. 11, 1971 b8.81 45
1972 Sept.20, 1972 11.49 225
1973 June 17, 1973 7.90 48
1974 Oct, 9, 1973 11,03 149
1975 Apr. 23, 1975 b7.79 41

b Backwater from ice.
c Affected by shifting control.



26 STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0152.5 Silver Creek tributary near Two Harbors, Minn.
(site No. 169)
Location.--Lat 47°04'40", long 91°36'49", in SW4NE% sec.16, T.53 N., R.10 W.,

at culvert on County Highway 3, 1.0 mile above mouth, and 4.5 miles north-
east of Two Harbors.

Drainage area.--3.72 sq mi.

Records available.--October 1964 to present.

Gage.--Water-stage recorder upstream from culvert.

Culvert invert elevations.--0.20 ft, upstream; -0.59 ft, downstream.

Bankfull stage.--3 ft.
Basin characteristics.--Main-channel length, 3.00 miles; main-channel slope,

110 ft per mile; mean basin altitude, 962 ft; forest area, 91 percent;
area of lakes and swamps, 0 percent.

Remarks.--Recording rain gage installed Mar. 16, 1966.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs
1965 Sept. 30, 1965 4.06 130
1966 Oct. 18, 1965 4.47 155
1967 June 12, 1967 4,66 168
1968 July 12, 1968 14.41 1,020
1969 Aug. 6, 1969 5.22 208
1970 May 9, 1970 5.16 203
1971 Oct. 27, 1970 5.21 206
1972 Sept. 20, 1972 17.08 1,880
1973 June 17, 1973 7.06 (#)
1974 oct. , 1973 11.00 (#)
1975 Apr. 24, 1975 b4.74 (A

# Discharge not determined.
b Backwater from ice.



4-0153.

Location.--Lat 47°03'52", long 91°40'03", in SE%NE% sec.24, T.53 N., R.1ll W.,

STREAMS TRIBUTARY TO LAKE SUPERIOR

Little Stewart River near Two Harbors, Minn.

(Site No. 57)
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at culvert on county highway, 2.0 miles above mouth, and 2.7 miles north of

Two Harbors.

Drainage area.--5.54 sq mi.

Records available.--October 1959 to present,

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--~7.87 ft, upstream;

Bankfull stage.--10

Basin characteristics.--Main-channel length
53.8 ft per mile; mean basin altitude, 1,152 ft; forest area, 75 percent:

ft.

area of lakes and swamps,

Annual maximum data.--

Water year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Date

3 percent.

Apr. 13, 1960

Apr.
May
Apr.
Sept.
Apr.
Oct.
June
Apr.
Apr.
Apr.
Apr.
Sept.
Aug.
Oct.
Apr.

b Backwater from ice.

20,
23,

7,

7,
19,
18,
12,
24,
13,

8,
11y
20,
16,

9,
23,

1961
1962
1963
1964
1965
1965
1967
1968
1969
1970
1971
1972
1973
1973
1975

Gage height (ft)
" 10.80
11.76
10.43
b10.05
12.03
10.62
10.34
10.78
11.80
10.85
10.98
bl2.72
15.18
11.31
13.05
b13.33

7.73 £t, downstream.

7.47 miles; main-channel slope,

Discharge (cfs)

' 140
200
118
65
260
161
139
171
243
176
185
207
598
206
362
245




28 STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0153.6 Lake Superior tributary No. 2 at French River, Minn.
(Site No. 160)
Location.--Lat 46©53'43", long 91°54'3l"; in SW4%SE% sec.18, T.51 N., R.12 W.,

at culvert on U.S. Highway 61, 0.35 mile above mouth, and 0.7 mile west of
French River.

Drainage area.--1l.41 sq mi.

Records available.--October 1963 to present.

Gage.-—-Crest-stage gage upstream from culvert.

Culvert invert elevations.--14.52 ft, upstream; 0.71 ft, downstream.

Bankfull stage.--20 ft.

. Basin characféristics.f—Main—channel length, 2.8l miles; main-channel slope,
144 ft per mile; mean basin altitude, 902 ft; forest area, 95 percent;
area of lakes and swamps, O percent.

Annual maximum data.--— . :
Water year Date’ Gage height (ft) Discharge (cfs)

1964 Sept. 7, 1964 28.25 337
1965 June 6, 1965 18.03 64
1966 Oct. 18, 1965 18.27 69
1967 June 13, 1967 23.00 276
1968 Apr. 24, 1968 19.72 109
1969 Apr. 13, 1969 18.48 75
1970 Apr. 8, 1970 18.24 69
1971 Apr. 11, 1971 b18.89 80
1972 Sept.20, 1972 31.58 748
1973 Aug. 15, 1973 18.22 68
1974 June 10, 1974 23.5 282
1975 Apr. 27, 1975 19.17 94

b Backwater from ice.



STREAMS TRIBUTARY TO LAKE SUPERIOR

4-0153.7 Talmadge River at Duluth, Minn.

(Site No. 159)

Location.--Lat 46°53'20", long 91°55'21", in SE%NE% sec.24, T.51 N., R.13 W.,

at culvert on U. S. Highway 61, 0.6 mile above mouth,
of Duluth city limits.

Drainage area.--5.79 sq mi.

Records available.--October 1963 to present.

Gage.-—Crest—stage gage upstream from culvert.

Culvert invert elevations.--10.51 ft, upstream; 5.12 ft,

Bankfull stage.--13 ft.

Basin characteristics.--Main-channel length, 5.85 miles;

and 0.5 mile northeast

downstream.

main-channel slope,

92.7 ft per mile; mean basin altitude, 972 ft; forest area, 65 percent;

area of lakes and swamps, 3 percent.

Annual maximum data.--

Water year Date Gage height (ft)
1964 Sept. 7, 1964 17.54
1965 Apr. 19, 1965 . 13.17
1966 Oct. 18, 1965 : 12.61
1967 June 13, 1967 15.55
1968 Apr. 24, 1968 15.23
1969 Apr. 14, 1969 13.85
1970 Apr. 8, 1970 13.68
1971 Apr. 11, 1971 15.33
1972 Sept.20, 1972 20.54
1973 h Apr. 15, 1973 bl4.11
1974 Oct. 9, 1973 16.42
1975 Apr. 27, 1975 14,69

b Backwater from ice.
h Revised.

Discharge (cfs)
609

187
150
371
335
224
139
358
1,020
h152
h470
252

29



30 STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0154. Miller Creek at Duluth, Minn.
(site No. 56)

Location.--Lat 46049'01", long 92010'42", in SE%NE% sec.13, T.50 N., R.1l5 W.,
at culvert on U. S. Highway 53, 0.2 mile northwest of Duluth city limits.

Drainage area.--4.92 sq mi,

Records available.--October 1959 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--12,03 ft, upstream; 11.60 ft, downstream,

Bankfull stage.--14 ft.

Basin characteristics.--Main-channel length, 3.95 miles; main-channel slope;
28.0 ft per mile: mean basin altitude, 1,384 ft; forest area, 72 percent;
area of lakes and swamps, 8 percent.

Remarks.--Stream density figure above includes 2.9 miles of additional ditched

channel.

Annual maximum data.--

Water vyear Date Gage height (ft) Discharge (cfs)
1960 May 20, 1960 15.55 154
1961 Apr. 20, 1961 18.85" 424
1962 May 23, 1962 cl6.22 193
1963 Apr. 2, 1963 cl3.94 : 43
1964 Sept. 7, 1964 17.95 343
1965 Apr. 19, 1965 bl6.18 190
1966 Oct. 18, 1965 cl5.92 . 150
1967 June 13, 1967 16.76 242
1968 June 9, 1968 15.74 167
1969 Apr. 11, 1969 15.67 164
1970 Apr. 8, 1970 15.28 134
1971 Apr. 11, 1971 16.83 254
1972 sept.20, 1972 19.2a 481
1973 Aug. 15, 1973 17 .47 302
1974 Oct., 9, 1973 17.19 282
1975 Apr. 29, 1975 15.96 185

b Backwater from ice.
¢ Affected by shifting control.



STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0177. McKinley Lake tributary at McKinley, Minn.
(Site No. 54)

Location.--Lat 47030'41", long 92°25'll", in SW4%NE% sec.18, T.58 N., R.16 W,,
at culvert on State Highway 135 at west edge of McKinley.

Drainage area.--0.37 sq mi.

Records available.--October 1959 to present,

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--6.48 ft, upstream; 5.60 ft, downstream.

Bankfull stage.--10 ft.

Basin characteriétics.-—Main-channel length, 0.95 miles; main-channel slope,
259 ft per mile: mean basin altitude, 1,585 ft; forest area, 97 percent:
area of lakes and swamps, O percent.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
1960 Apr. 13, 1960 8.20 13
1961 Apr. 17, 1961 b9.84 27
1962 Apr. 27, 1962 8.07 11
1963 Apr. 2, 1963 8.51 18
1964 June 23, 1964 8.03 11
1965 Sept.28, 1965 8.34 15
1966 Apr. 20, 1966 8.18 13
1967 Mar. 31, 1967 7.80 8.1
1968 Aug. 21, 1968 9.73 27
1969 Sept. 6, 1969 9.35 . 25
1970 Apr. 8, 1970 b7.33 2.7
1971 June 20, 1971 8.47 17
1972 Apr. 18, 1972 7.64 6.5
1973 May 6, 1973 9.37 25
1974 Oct. 11, 1973 8.57 19
1975 Apr. 29, 1975 7.49 5.2

b Backwater from ice.



32 STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0188. East Two River tributary at Virginia, Minn.
(Site No. 40)
Location.--Lat 47031'54", long 92°33'51", in NE4%NE% sec.12, T.58 N., R.18 W.,
at culvert on U. S. Highway 169, 0.2 mile west of Virginia city limits, and

1.1 miles above mouth.

Drainage area (revised).--3.46 sq mi. (Contributing area)
-4.,26 sq mi, (Total area)

Records available.--October 1958 to September 1972.

Gage.—-Crest-stage gage upstream from culvert. Datum of gage is 1,421.72 ft
above mean sea level, datum of 1929,

Bankfull stage.--7 ft..
Basin characteristics.--Main-channel length, 2.80 miles; main-channel slope,
.0 ft per mile; mean basin altitude, 1,452 ft: forest area, 77 percent;
area of lakes and swamps, l4 percent.

Remarks.--Drainage pattern has been affected by mining operations in the past
and will probably continue to be in the future. Several open pit mines and
mining dumps are located in basin.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (cfs)
1959 June 11, 1959 6.11 44
1960 July 16, 1960 a6.59 46
196l Apr. 20, 1961 8.16 54
1962 June 29, 1962 6.18 K 44
1963 June 10, 1963 *6,37 - 40
1964 May 7, 1964 7.87 81
1965 Apr. 19, 1965 6.74 54
1966 Apr. 20, 1966 5.57 41
1967 Mar. 30, 1967 6.38 48
1968 Aug. 21, 1968 8.37 85
1969 Aug. 29, 1969 *8.93 €100
1970 June 11, 1970 6.30 26
1971 Apr. 16, 1971 b7.07 74
1972 Apr. 16, 1972 6.65 64

* Gage height at downstream end of culvert.
a Backwater from debris.

b Backwater from ice.

e Estimated.




STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0241. Rock Creek near Blackhoof, Minn.
(Site No, 128)
Location.--Lat 46032'10", long 92022'12", in SW4%SEY% sec.21, T.47 N., R.16 W.,

at culvert on State Highway 23, 4.0 miles above mouth, and 4.4 miles east
of Blackhoof.

Drainage area.--4.94 sq mi,
Records available.--October 1960 to present.
Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--10.03 ft, upstream; 8.76 ft, downstream.

Bankfull stage.--18 ft,

Basin characteristics.--Main~channel length, 5.35 miles; main-channel slope,
41.7 ft per mile; mean basin altitude, 960 ft; forest area, 40 percent;
area of lakes and swamps, O percent.

Annual maximum data,--

Water year Date Gage height (ft) Discharge (cfs)
1961 Apr. 20, 1961 15.13 282
1962 May 23, 1962 16.53 404
1963 Apr. 2, 1963 bl2,.68 . 85
1964 Sept. 7, 1964 19.44 698
1965 Sept.30, 1965 14.97 269
1966 - - -
1967 June 14, 1967 19.29 678
1968 June 9, 1968 24.7 1,110
1969 July 31, 1969 16.03 360
1970 May 21, 1970 28.92 1,270
1971 Apr. 11, 1971 b17.26 233
1972 Sept.20, 1972 27.20 1,210
1973 Aug. 8, 1973 15.55 318
1974 June 6, 1974 16.07 362
1975 Apr. 16, 1975 b14.32 130

b Backwater from ice. ’




34 STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0241.1 Rock Creek tributary near . Blackhoof, Minn.
(site No. 129)
Location.--Lat 46°32'14", long 92°22'05", in NE4SE% sec.2l, T.47 N., R.16 W.,

at culvert on State Highway 23, 0.1 mile above mouth,' and 4.5 miles east of
Blackhoof.

Drainage area.--0.20 sq mi.
Records available.--October 1960 to present.
Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--7.46 ft, upstream; 3.04-ft, downstream.

Bankfull stage.--9 ft.

Basin chargcﬁeristics.--Main-channel length, 0.59 miles; main-channel slope,
90.9 ft per mile; mean basin altitude, 902 ft; forest area, 65 percent:
area of lakes and swamps, O percent. Co

Annual maximum data.--

Water year’ " Date . Gage height (ft) Discharge (cfs)
1961 Apr. 20, 1961 9,44 12
1962 May 23, 1962 9.82 15
1963 Apr. 2, 1963 b9.42 5.8
1964 Sept. 7, 1964 13,23 27
1965 Sept.30, 1965 8.73 5.9
1966 June 25, 1966 13.50 28
1967 June 14, 1967 13.14 27
1968 June 9, 1968 112,73 . 27
1969 July 31, 1969 "15.21 31
1970 May 21, 1970 18.42 36
1971 Apr. 11, 1971 bl10.11 8.7
1972 Sept.20, 1972 14. 36 30
1973 May 1, 1973 - 8.73 5.5
1974 Oct. 11, 1973 9.14 8.7
1975 Apr. 16, 1975 b10.10 9.4

b Backwater from ice.




STREAMS TRIBUTARY TO LAKE SUPERIOR
4-0242. South Fork Nemadji River near Holyoke, Minn.
(Site No. 127)
Location.--Lat 46°929'38", long 92924'36“, in SE%SEX% sec.6; T.46 N,, R.16 W.,

at culvert on State Highway 23, 1.7 miles belqw Clear Creek, and 2.0 miles
northwest of Holyoke. . ,

Drainage_area.--19.4 sq mi.
Records available.--October 1960 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--7.70 ft, upstream; 6.86 ft, downstream.

Bankfull stage.--11 ft.

Basin characteristics.~-Main-channel length, 7.90 miles; main-channel slope,
36.8 ft per mile:; mean basin altitude, 946 ft: forest area, 90 percent;
area of lakes and swamps, B percent.

Annual maximum data.-- ‘
Water year Date Gage height (ft) . Discharge (cfs)
1961 May 14, 1961 - 11,44 458
1962 May 23, 1962 13.46 . 200
1963 June 10, 1963 9.84 190
1964 Sept. 7, 1964 14.40 1,120
1965 Sept.30, 1965 10.87 352
1966 June 25, 1966 14.8 1,220
1967 June 14, 1967 14.78 : 1,210

l 1968 June 9, 1968 12.71 730

1969 July 31, 1969 16.29 1,590
1970 May 21, 1970 17.99 2,100
1971 Apr. 11, 1971 b12.59 590
1972 Sept.20, 1972 17.79 . 2,030
1973 May 25, 1973 10.97 370
1974 June 6, 1974 12.85 , 760
1975 June 29, 1975 13.40 . 890

b Backwater from ice.



36 " RED RIVER OF THE NORTH BASIN

5-0476. West Branch Mustinka River near Graceville, Minn.

Location.--Lat 45°37'43", long 96°26'35", in NW4NWY4 sec.22, T.125 N., R.46 W.,

“(site No. 157)

at culverts on county highway, 4.1 miles north of  Graceville.

Drainage area.--56.7 sq mi. (Contributing area)
8l1.2 sq mi. (Total area)

Records available.--October 1963 to September 1972.

Gage.--Crest-stage gage upstream from-culvert.

Culvert invert elevations.-==5.70 -ft, upstream; 5.80 ft, downstream.

Bankfull stage.--8 ft.

Annual maximum data.--

Water year . - Date
1964 Apr. 13,
1965 July 6,
1966 Mar. 18,
1967 June 14,
1968 -
1969 Apr. 9,
1970 Apr. 7,
1971 Apr. -7,

1972 - May 21,

. # Discharge not determined.
< Less than.
b Backwater from ice.

1965
1966
1967

1969
1970
1971
1972

1964

Gage height (ft)
8.25

8.80
9.41
8.46
3
12.50
b8.58
8.51
8.63

d Peak stage did not reach bottom of gage.

asin characteristics;-—Mdih-channel length, 12.4 miles; main-channel slope,
7.75 £t per mile; mean basin altitude,

1,106 ft; forest area, 0 percent:;
area of lakes and swamps, 8 percent. . -

Discharge (cfs)

41
59
83
47
<5
686
(#)
(#)
(#)



5-0477.

RED RIVER OF THE NORTH BASIN

West Branch Mustinka River tributary near Graceville, Minn.

(site No. 156)

37

Location.--Lat 45°36'53", long 96°19'47", in NE4NWY% sec.28, T.125 N., R.45 W.,
at culvert on county highway, 6.0 mile northeast of Graceville.

Drainage area.--3.37 sq mi.

Records available.--October 1963 to present.

Gage.--Crest-stage gage upstream from culvert.

Bankfull stage.--9 ft.

5,61 ft, downstream.

Basin characteristics.--Main-channel length, 6.10 miles; main-channel slope,

13.3 ft per mile; mean basin altitude,
area of lakes and swamps, O percent.

Annual maximum data.--

Water year
1964

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

< Less than.

Apr.

Sept.

Apr.
June

Apr.
Apr.
Mar.
July
Mar.

June

b Backwater from ice.
d Peak stage éid not reach bottom of gage.

13,
30,
17,
14,

9

7,
14,
12,
14,

14,

Date

1964
1965
1966
1967

1969
1970
1971
1972
1973

‘1975

Gage hgight (ft)

8.76
6.99
7.53
8.06
d
10.56
b8.04
b8.26
8.59
b7.18
d
7.55

1,122 ft; forest area, 1 percent;

Discharge (cfs)
80
10
27
49
<3

418
27
34
74
10
<6
36




38 RED RIVER OF THE NORTH BASIN
5-0492, - Eighteenmile Creek near Wheétoﬁ, Minn.
(Site No. 158)

. o o : . : .
Location.--Lat 45 47'18", 1ong'96°3lﬂ52", on west quarter of line between
secs.24 and 25, 'T.127 N., R.47 W., at culvert on County Highway 67,

1.4 miles above mouth, and 2.0 miles southwest of Wheaton.
Drainage area.--68.5 sq mi.

Records available.--October 1964 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--1.04 ft, upstream; 1,64 ft, downstream (center
culvert) . . ,

Bankfull stage.--7 ft.

Basin_characteristics.--Main-channel length, 26.6 miles; main-channel slope,
5.03 ft per mile; mean basin altitude, 1,048 ft; forest area, 1 percent;
area of lakes and swamps, 1 percent. .

Annual maximum data.-- = N '
Water year Date Gage height (ft) Discharge (cfs)

1965 June 1, 1965 9.30 701
1966 Mar. 3, 1966 b9.85 246
1967 June 14, 1967 8.48 730
1968 Apr. 22, 1968 4.90 70
1969 - - -

1970 Apr. 8, 1970 4.83 (#)
1971 Mar. 14, 1971 b9.24 (#)
1972 May 21, 1972 6.74 (A
1973 May . 24, 1973 6.74 (#)
1974 Mar. 14, 1974 b4.07 4)
1975 Apr. 16, 1975 b8.82 D)

# Discharge not determined.
b Backwater from ice.



Location.--Lat 47°01'17", long 95°54'43",

5-0608.

RED RIVER OF THE NORTH BASIN

Buffalo River near Callaway, Minn,

{site No. 46)

in swkswk% sec,l17, T.l41 N., R.41 W.,

at culvert on U. S. Highway 59, 2.7 miles north of Callaway.

Drainage area.--94.5 sq mi,

Records available.--October 1959 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--8.14 ft, upstream;

Bankfull stage.--13 ft.

6,70 £t, downstream.

Basin characteristics.--Maip-channel length, 20,8 miles: main-channel slope,

6.03 ft pef mile; mean basin altitude, 1,400 ft:; forest area, 47 percent;
area of lakes and swamps, 27 percent,

Annual maximum data.--

Water year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

1973
1974

1975

Apr.
Apr.
June
Apr.
Apr.
Apr.
May

May

June
Apr.
Apr.
Apr.
Apr.
Sept
Ap?.
June

b Backwater from ice.

e Estimated.

Date

13,
4
8,
3,
13,
10,
23,
1,
30,
10,
8,
18,
15,
, 2
27,
29,

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Gage height (ft)

bl2,.92
bl13.57
13,35
bl2,04
bl3,73
bl6,12
11.87
12.85
10,06
bl5,11

b13,65
12,02
12.02
13,65
15,68

Discharge (cfs)
: 246
127
370
43
237
245
238
324
81
446
e250
323
251
251
400
620

39



40 RED RIVER OF THE NORTH BASIN
'5-0612, Whisky Creek at Barnesville, Minn.
(site No. 123)
Location.--Lat 46939'35", long 96°23'54", in SE4%SWY sec.20, T.137 N., R.45 W.,
at culvert on State Highway 34, 0.7 mile above Blue Eagle Lake, and 1.0 mile

northeast of Barnesville.

Drainage area.--25.3 sq mi. (Contributing area)
62.5 sq mi. (Total area)

Records available.--October 1960 to present. Continuous records available
October 1964 to September 1966.

Gage.--Crest-stage gage downstream from culvert. Altitude of gage is 1,030 ft
’ (from topographic map). Prior to October 6, 1964, crest-stage gage upstream
from culvert at same datum. October 6, 1964, to May 9, 1967, water-stage

recorder upstream from culvert at same datum. -

Culvert invert elevations.--1.77 £t, upstream: 1.79 ft, downstream.

Bankfull stage.--6 ft.

Basin characteristics.--Main-channel length, 15.6 miles: main-channel slope,
18.6 ft per mile; mean basin altitude, 1,176 ft; forest area, 4 percent;
area of lakes and swamps, 9 percent.

Annual maximum data.--

Water year .Date Gage height (ft) Discharge (cfs)
1961 Mar. 13, 1961 b5.75 40
1962 June 8, 1962 . 6.52 : 292
1963 June 1, 1963 a 6.07 236
1964 Apr. 15, 1964 4.83 - 117
1965 Apr. 9, 1965 5.45 175
1966 . Mar. 14, 1966 ' b8.25 260
1967 June 14, 1967 © 4,90 159
1968 Apr. 8, 1968 " 4.94 164
1969 Apr. 9, 1969 6.85 570
1970 June 17, 1970 3.78 73
1971 June 29, 1971 4.44 119
1972 Mar. 17, 1972 b6.41 170
1973 Mar. 14, 1973 3.14 33
1974 Apr. 12, 1974 * 4.26 105
1975 June 29, 1975 6.97 610

b Backwater from ice.



RED RIVER OF THE NORTH BASIN
5-0614. Hay Creek above Downer, Minn.
(Site No. 124)

Location.-~Lat 46°44'37", long 96°25'12", in NW4%NW% sec.30, T.138 N., R.45 W.,
at culvert on county road, 3.1 miles east of Downer.

Drainage area.--5.8l sq mi.

Records available.--October 1960 to present.

Gage.-~Crest-stage gage upstream from culverts.

Culvert invert elevations.--4.95 ft, upstream; 5.01 ft, downstream.

Bankfull stage.--8 ft.

Basin characteristics.--Ma;n—channel length, 3.83 miles; main-channel slope,
16.0 ft per mile; mean basin altitude, 1,070 ft; forest area, 1 percent;
area of lakes and swamps, 2 percent.

Annual maximum data.--

Water year Date Gage height (ft Discharge (cfs)
1961 Mar. 3, 1961 6.96 . » 21
1962 June 8, 1962 13.46 h860
1963 May 26, 1963 7.78 69
1964 Apr. 15, 1964 c6.90 41
1965 Apr. 10, 1965 7.47 103
1966 June 5, 1966 6.64 53
1967 June 14, 1967 c6.26 12
1968 June 10, 1968 6.30 35
1969 Apr. 9, 1969 8.08 117
1970 Apr. 8, 1970 5.96 15
1971 June 29, 1971 7.38 84
1972 Mar. 17, 1972 7.38 84
1973 Apr. 14, 1973 7.39 84
1974 July 13, 1974 5.85 11
1975 June 29, 1975 13.52 1,460

c Affected by shifting control
h Revised ’ .
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RED RIVER OF THE NORTH BASIN

5-0622.8 Mosquito Creek near Bagley, Minn.

(Site No. 120)

Location.--Lat 47927'02", long 95022'55", in SW4NW% sec.2l, T.l46 N., R.37 W.,

at culvert on State Highway 92, 5.0 miles south of Bagley.

Drainage area.--3.98 sq mi

Records available.-~October 1960 to present.

Gage.--Water-stage recorder upstream from culvert. Prior to June 21, 1968,
crest-stage gage at same site and datum.

Culvert invert elevations.--6.06 ft, upstream; 4.81 ft, downstream.

Bankfull stage.--10 ft.

Basin characteristics.~-Main~channel length, 4.22 miles; main channel slope,

11.4 ft per mile; mean basin altitude,
area of lakes and swamps,

Annual maximum data.--

Water vear
1961

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Date
Apr. 18,
May 23,
May 27,
May 5,
Apr. 11,
Apr. 1,
Apr. 17,
Apr. 20,
Apr. 10,
Apr. 26,
Apr. 8,
Apr. 15,
Sept. 2,
Apr. 12,
Apr. 17,

b Backwater from ice.
c Affected by shifting control.

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

3 percent.

Gage height (ft)

b7.12
7.94
c8.34
c8.32
b10.30
bll.37
9.72
8.06
9.24
c8.09
8.47
c8.50
9.35
b10.08
bl10.53

1,536 ft; forest area, 34 percent;

Discharge (cfs
5
29
37
36
67
60
68
11
57
12
21
32
57
34
71
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RED RIVER OF THE NORTH BASIN
, 5-0624.7 Marsh Creek tributary near Mahnomen, Minn.
(Site No. 121)
Location.--Lat 47°19'31", long 96°04'41", in SE%SW4 sec.36, T.145 N., R.43 W.,

at culvert on State Highway 31, 0.1 mile above mouth, and 5.2 miles west of
Mahnomen.

Drainage area.--11.9 sq mi.

Records available.--October 1960 to present.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--7.95 ft, upstream; 5.82 ft, downstream.

Bankfull stage.--10 ft.
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