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SWAN LAKE IS THE LARGEST LAKE IN THE WATERSHED BUT IT DOES NOT HAVE SUFFICIENT STORAGE CAPACITY TO PROVIDE AN ADEQUATE WATER SUPPLY
Fluctuations in the lake level coincide with the occurrence of precipitation. The greatest water loss from the lake, because of its large surface area and shallow depth, is to evaporation.
Water is also lost from the lake as outflow from the natural outlet and as recharge to the ground-water reservoir
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EXPLANATION

CHEMICAL TY

Calcium bicarbonate

Dissolved solids of 270-720
malligrams per liter

PE OF WATER AT BASE FLOW

"
Calcium sulfate
Dissolved solids of 580-1430
malligrams per liter
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Discharge less than 0.25 cubic feet per second
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slightly higher dissolved-solids and sulfate concentrations.
contain lower dissolved-solids and higher bicarbonate concentrations.
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HAWK CREEK AND BEAVER CREEK CARRY MOST OF THE BASE FLOW LEAVING THE
WATERSHED.—In and near the Minnesota River valley where glacial deposits are thin, base flow occurs
Generally, base flow in streams draining the western end of the watershed contain

Base flow in streams in the east generally
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SPECIFIC CONDUCTANCE, IN MICROMHOS AT 25°C

RELATIONSHIPS OF SPECIFIC CONDUCTANCE TO DISSOLVED SOL-

IDS, HARDNESS, AND SULFATES SHOW THE VARIATIONS OF
THESE THREE CONSTITUENTS IN STREAMFLOW WITHIN THE
WATERSHED AND IN SWAN LAKE.—Swan Lake contains lower
mineral concentrations than any streamflow in the watershed because it
receives its water from precipitation and runoff rather than from the
ground-water system.
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SPECIFIC CONDUCTANCE, IN MICROMHOS AT 25°C

SPECIFIC CONDUCTANCE, IN MICROMHOS AT 25°C

RELATIONSHIPS BETWEEN SPECIFIC CONDUCTANCE AND DISSOLVED SOLIDS, HARDNESS,
AND SULFATES ARE CHARACTERISTIC OF MAJOR CHEMICAL CONSTITUENTS IN SOLU-
TION.—Small differences in slope between relationships at Montevideo and Mankato are probably indic-

At Montevideo, equivalents of sulfates exceed those of bicarbonates

ative of slight changes of water type.
during the same period that equivalents of bicarbonates exceed those of sufates at Mankato.

Graphs pro-

vide an easy method to estimate concentrations of constituents plotted on the vertical axis, by measuring

specific conductance at either location.

DIFFERENCES IN WATER QUALITY AND DISCHARGE IN THE MINNESOTA RIVER AT MON-
TEVIDEO AND AT MANKATO REFLECT CHANGES IN ENVIRONMENT.— Water at Montevideo
contains larger dissolved solids and sulfate concentrations while water at Mankato contains slightly higher

concentrations of bicarbonates.

This change brought about by the Blue Earth and Cottonwood Rivers

larger flow components, probably indicates similar changes in surficial geology of these basins to that oc-
curring in the eastern part of Minnesota River—Hawk Creek Basin. Although dissolved solids, color, and
some tndividual constituents exceed recommended limits at times, standard procedures for water treatment
will render the water suitable for most uses.

[Chemical constituents in milligrams per liter, pH, and color found in 47 water samples from Minnesota River at Montevideo, 1962-1967, and 43 samples from Minnesota River at Mankato,

1960-1966]

Mag- Man- | Potas- | Bicar- Chlo- Fluo- Phos- Hard- | Total |Labora-
Source Boron | Calcium | Iron | nesium | ganese | sium |Sodium |bonate ride ride | Nitrate | phate | Silica | Sulfate | Color | ness c?ii-d tory pH

i?)l\ilds
Minnesota River at [Maximum...| 0.28 141 (0.44 94| 095 | 13 58 473 | 27 06| 10 0.98 | 32 418 50 | 710 |1,060 8.4
Montevideo. Median...... .14 89 .04 52 .06 76| 26 292 9.0 3 2.2 32 | 18 232 12 445 622 7.6
Minimum. .. .06 33 .01 16 .00 4.7 7.8 118 2.8 .1 . & .00 | 18 60 3 148 227 6.8
Minnesota River at [Maximum... 22 145 .12 99 72 9.0| 44 487 25 5| 22 .87 | 26 319 50 626 880 8.4
Mankato. Median. . ... .10 93 .04 44 .07 5.7 22 308 12 3 7.9 .19 18 183 10 410 554 7.6
Minimum. .. .00 30 .01 10 .00 3.1 4.7 142 3.7 .2 .0 .00 8.8 37 3 162 245 7.1
Recommended limits (Minnesota |......|........ 30| - uieun B o L N e - 250 15| 45 [i:isinndoonanis 250 15 | oome 500-|.......

Water Pollution Control Com- 1,000

mission, 1967).

LOAD, IN TONS PER DAY OF DISSOLVED SOLIDS

Example 2: Find the magnitude of the flood which will occur on the average once every 10 years for the site
5-3167.7 Minnesota River at New Ulm (see average flow diagram).

site is 9,536 square miles.

Relation curve (D) shows that the magnitude of the 10-year flood for a site on the Min-
nesota River main stem is 19,000 cubic feet per second. The mean annual flood at this
same site is 7,200 cubic feet per second from relation curve (D).

FREQUENCY AND MAGNITUDE OF FLOODING IS RELATED TO DRAINAGE AREA AND PER-
CENTAGE OF BASIN IN LAKES.—Small drainage basins with little surface storage allow rapid runoff,
resulting in relatively high peak flows of short duration. Larger basins with greater storage provided by
lakes and swamps retard surface runoff, resulting in peak flows of lower magnitude and longer duration.
The magnitude and frequency of floods can be determined from the above relation curves (Patterson and

Curves A, B, and C refer to streams within the watershed, and curve D refers to the Min-

Gamble, 1968) .
nesota River between Montevideo and Mankato.
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DISCHARGE, IN CUBIC FEET PER SECOND

DISSOLVED-SOLIDS DISCHARGE IN THE MINNESOTA RIVER
ABOVE MANKATO SHOWS A DIRECT BUT NONUNIFORM RELA-
TION TO STREAM DISCHARGE.—Long-term average (daily and an-
nual) dissolved-solids discharge is calculated by relating daily dissolved-
solids discharge to long-term flow duration (45 years at Montevideo and
57 years at Mankato).

Minnesota River Long-term average dissolved-
solids discharge (tons)

Average dissolved-
solids concentration

Daily Annual (milligrams per liter)
at Mankato 3,270 1,195,000 485
at Montevideo 1,090 397,000 625

Long-term average dissolved-solids concentration at Mankato s less than
at Montevideo indicating dilution effects from greater runoff between Mon-
tevideo and Mankato (long-term average, 154 acre-feet per square mile)
than in the drainage area above Montevideo (long-term average, 75.8 acre-
feet per square mile). Leaching effects may be greater above Montevideo
than between Montevideo and Mankato. Dilution effects at the downstream
station and at higher discharges at both stations are shown in the above
tllustration.
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o percent of the total drainage area.
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charge of 950 cubic feet per second will occur on an average once every 50 years.

The drainage area at this
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Minnesota River at Mankato, 1968 water year
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SEDIMENT DISCHARGE AND CONCENTRA-
TION IN THE MINNESOTA RIVER VARY
ACCORDING TO STREAM DISCHARGE AND
SEASONAL CONDITIONS.—Low sediment dis-
charge occurs during winter months when there
18 little sediment available to the stream because
of the smow cover and frozen ground. After sum-
mer storms, large increases in stream discharge
are accompanied by high sediment concentrations
and increased sediment discharge. The approxi-
mate sediment yield of the Minnesota River basin
above Mankato for the 1968 water year was
830,000 tons. Assuming each unit of area contri-
buted an equal amount of sediment, the annual
yield was about 56 tons per square mile. The
1968 water year is marked by low spring runoff
and high summer runoff.
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