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SELECTED WATER-QUALITY GCHARACTERISTICS IN THE
UPPER MISSISSIPPI RIVER BASIN,
ROYALTON TO HASTINGS, MINNESOTA

By M. R. Have

ABSTRACT

The upper Mississippi River basin from Royalton to Hastings, Minnesota,
includes seven subbasins in east-central Minnesota that cover an area of
8,500 square miles. Results of a study, using data from the Minnesota Pollu-
tion Control Agency, Metropolitan Waste Control Commission, and the U.S.
Geological Survey, indicate that selected water-quality characteristics differ
significantly among subbasins. Results of the study also indicate that the
quality of water leaving the basin at Hastings is affected primarily by inflow
from the Minnesota River and by effluent from the Metropolitan sewage-
treatment plant.

Subbasins in the western part of the study area are underlain by prairie
soils and cultivation of row crops is a common land use. Streams draining
these subbasins have a median dissolved-solids concentration of 389 mg/L
(milligrams per Liter) and a median concentration of nitrite plus nitrate
nitrogen of 0.59 mg/L. Subbasins in the northern and eastern parts of the
study area are underlain by more acidic podzol soils. Land use in these
subbasins is less devoted to cultivated crops; forested areas, pastures,
and wetlands are common. Streams draining these subbasins have a median dis-
solved-solids concentration of 184 mg/L and a median concentration of nitrite
plus nitrate nitrogen of 0.17 mg/L.

The quality of water changes dramatically in the most downstream subba-
sin, which includes the Twin Cities Metropolitan Area. On the basis of hourly
data from automatic monitors, specific conductance increases from 345 uS/cm
(microsiemens per centimeter) at 25° Celsius above the confluence with the
Minnesota River to 467 uS/cm below it. Specific conductance increases to a
median of 513 uS/cm where effluent from the Metropolitan sewage-treatment plant
enters the Mississippi River.

Dissolved-oxygen concentrations in the Mississippi River begin to decline
below the confluence with the Minnesota River. Concentrations of dissolved
oxygen reach a minimum median value in summer of 6.3 mg/L at a point about
9 miles downstream from the Metropolitan sewage-treatment plant. In winter,
minimum median concentration is downstream at Lock and Dam 2, which is approx-
imately 20 miles below the plant.

Results of this study show that the quality of water in the Mississippi
River as it leaves the accounting unit at Hastings is not representative of
water quality in most of the accounting unit. Three water-quality regions
have been identified, and sampling sites are needed in each region to assess
the quality of streams throughout the study area adequately.



INTRODUCTION

In recent years, great emphasis has been placed on protection and conser-
vation of water resources. In response to these needs, the U.S. Geological
Survey established a monitoring network called NASQAN (National Stream Quality
Accounting Network) in 1973. It was established to provide uniform and con-
tinuing measurements to document the quality of the Nation’s rivers.

To fulfill the objectives of NASQAN, stations were established near the
downstream ends of hydrologic-accounting units. These accounting units are
further divided into subbasins called cataloging units that are bounded by
drainage divides. This study was initiated mainly to review and analyze data
for accounting unit 070102 in east central Minnesota and to determine whether
data collected at the NASQAN station, Mississippi River at Nininger, Minneso-
ta, is representative of the accounting unit in general. The study area is
divided into seven subbasins (fig. 1). The numeric character in the site
number represents the number of the subbasin. The alpha characters are used
as sequence numbers. Site 6K, Mississippi River at Nininger, is the NASQAN
station shown downstream from the Twin Cities (Minneapolis-St. Paul) in subba-
sin 6. Quality of water leaving the study area is monitored at this site.

Site 1A, Mississippi River near Royalton, is a NASQAN station located
within the headwaters of the study area. Quality of water entering the study
area is monitored at this site.

Purpose a ope

One of the objectives of NASQAN is to describe the areal variability in
the quality of water in the nation’s streams through analysis of data from
this and other programs. With computerized statistical-analysis techniques
available today, it is possible to analyze large quantities of data to aid in
interpreting and in making decisions.

This report has the following primary objectives:

1. Describe, on both a spatial and temporal basis, the stream-water
quality throughout the study area upstream from the NASQAN
site, Mississippi River at Nininger, Minnesota.

2. Relate water-quality variability to general causes, such as
selected basin characteristics, including land and water use.

3. Assess how well water-quality data collected at Nininger represent
the quality of water throughout the study area.

The following secondary objectives are briefly addressed:

1. Describe the minimum data-collection program necessary to adequately
assess the quality of water in the study area.

2. Assess the usefulness of daily values as compared to periodic water-
quality data.
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In addressing the above objectives, this report first discusses the water
quality in each subbasin, then examines the differences between subbasins, and
then evaluates the representativeness of data collected at Nininger.

Study Area

The part of the Upger Mississippi River basin within the study area
includes about 8,500 mi“ (square miles) and 25 counties in Minnesota. The unit
extends from approximately site 1A (milepoint 956) in the north to the mouth
of the St. Croix River (milepoint 811).

There are six population centers in the study area with more than
5,000 people (table 1). The Twin Cities Metropolitan area, by far the largest
of the six, includes 52 percent of the State’s population. Statewide, between
1960 and 1970, there was about a 4-percent shift in population from rural to
urban, but from 1970 to 1980, this general distribution remained relatively
constant. The 1980 census showed that the population was 66.9 percent urban
and 33.1 percent rural; within large metropolitan areas, however, redistribu-
tion of the population from urban to rural was occurring.

Water-use estimates for the study area, compiled from the Minnesota State
Water-Use Data System maintained by the MDNR (Minnesota Department of Natural
Resources), are shown in table 2. Surface-water use is larger than ground-
water use because of surface-water requirements for power generation and
because Minneapolis and St. Paul withdraw water from the Mississippi River for
municipal use. Withdrawal for power generation is mainly for cooling; it does
not include withdrawals for hydroelectric power.

The economy of the study area is based on agriculture and, in the metro-
politan area, on electronics and medical-technology industries. Dairy farming
is the main type of farming; dairy farmers generally grow most of their own
feed crops such as corn, oats, and hay. The Mississippi River serves as a
major transportation artery for shipment of grains south to other centers of
population.

Topography and Geology

The watershed consists principally of level to rolling terrain. The
present topography is derived mainly from drift left by glaciers of Pleisto-
cene age that subsequently has been modified by erosion, plants and animals,
and, more recently, man.

Three soil groups (fig. 2) within the study area roughly follow the
distribution of the natural vegetation that existed before the arrival of
settlers (Brown and others, 1969). The podzol soils in the northern part of
the study area were developed under a mainly coniferous type forest. This
type of soil is acidic and has a rather low natural productivity for cultivat-
ed crops. The gray-brown podzolic soils in the eastern part were developed
under a mainly hardwood forest. These soils also tend to be acidic but are
more productive than the podzol soils in the northern part. The prairie
soils, covering the largest part of the watershed, are dark brown to nearly
black because of a high organic content. The natural fertility of this group
of soils is relatively high.









The watershed is underlain by Precambrian igneous and metamorphic rocks
north of Big Lake. South of Big Lake, the watershed is underlain primarily by
sandstone, dolomite, and limestone of Precambrian, Cambrian, and Ordovician age
to the east and south and by shale of Cretaceous age to the southwest (Colings-
worth and others, 1973).

Climate and Hydrology

The climate in Minnesota is a continental type, characterized by wide
variations in temperature. The location of Minnesota makes it susceptible to
frequent outbreaks of cold polar air from the north as well as warm moist air
from the Gulf of Mexico. Lowest monthly average temperatures occur in January
and the highest average temperatures occur in July. 1In general, there is a
temperature decrease from south to north [fig. 3; (National Oceanic and Atmos-
pheric Administration, 1984)].

Average annual precipitation in the study area ranges from 26 to 30 in.
(inches) with no discernible trend in any direction (fig. 3). Statewide,
however, precipitation increases from northwest to southeast. June is the
rainiest month followed by July and August. Precipitation in the winter months
is mainly snow, with March being the snowiest month.

Evapotranspiration in the study area, based on the difference between
precipitation and runoff, ranges from 20 in. in the north and west to more than
21 in. in the east {Baker and others, 1979). Runoff ranges from 5 to 6 in. in
the north and west to 3 to 4 in. in the east and south.

SOURCES OF DATA AND LOCATION OF SAMPLING SITES

The two main sources of data were (1) STORET (Storage and Retrieval Sys-
tem) for data from the U.S. Geological Survey and MPCA (Minnesota Pollution
Control Agency) and (2) a computer data base at the University of Minnesota for
data from the MWCC (Metropolitan Waste Control Commission). WATSTORE (National
Water Storage and Retrieval System) was the source of automatic-monitor data
for the Twin Cities Metropolitan Area. Land-use data at a resolution of 40
acres were obtained from Minnesota Land Management Information Center.

Table 3 lists the primary water-quality sites. Sites 6C, 6E, 6G, 61, 6J,
and 6L, and MN-1 are also automatic-monitor sites where specific conductance,’
temperature, dissolved oxygen, and pH are automatically measured and recorded
hourly. Mean daily values are calculated from the hourly readings. MN-1 is
in Hydrologic Unit 070200 and is used, for the purposes of this report, as a
point-source discharge to Hydrologic Unit 070102. There is a temperature
recorder at site 6F. As with the automatic-monitor data, mean daily values
are calculated from the temperature-recorder data. Secondary sites, where a
limited amount of data from miscellaneous samplings was available, were used
to help analyze areal variability within each subbasin.
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Table 3.--Primary water-quality sites in Hydrologic Unit 070102

[USGS, U.S. Geological Survey; MPCA, Minnesota Pollution Control Agency;
MWCC, Metropolitan Waste Control Commission; mile point, miles upstream

from the confluence of the Mississippli and Ohio Rivers;
mile point for other rivers, miles upstream from mouth]

Drainage
Site area
number Name Agency Location (square miles)
1A Mississippi River USGS Mile point 956, 0.25 mile 11,600
near Royalton downstream from Minnesota
Power Co. hydroelectric
power plant
1B Mississippi River MPCA Mile point 953, 3 miles 11,650
west of Royalton downstream from Minnesota
Power Co. hydroelectric
power plant
2A Sauk River at MPCA Mile point 2, 3 miles 930
St. Cloud downstream from USGS gaging
station 05270500, Sauk River
near St. Cloud
3A Mississippi River MPCA Mile point 930, 3 miles 13,400
at Sauk Rapids downstream from Sauk River
3B Mississippi River MPCA Mile point 914, 0.5 mile 13,700
at Clearwater downstream from
Clearwater River
3C Mississippi River MPCA Mile point 895 13,800
at Monticello
3D Elk River near MPCA Mile point 8, at USGS gaging 615
Big Lake station 05275000, Elk River
near Big Lake
3E Elk River at MPCA Mile point 1, above dam 650
Elk River
3F Mississippi River MPCA Mile point 883, 2 miles 14,500

at Elk River

downstream from Elk River



Table 3.--Primary water-quality sites in Hydrologic Unit 070102--Continued

Drainage
Site area
number Name Agency Location (square miles)
4A Crow River at USGS & Mile point 17, 1 mile 2,520
Rockford MWCC downstream from confluence
of North and South Forks
of the Crow River
4B Crow River at MPCA Mile point 0.2, about 2,600
Dayton 17 miles downstream from
USGS gaging station
05280000, Crow River at
Rockford
S5A South Fork Crow USGS & 16 miles upstream from 1,170
River near Mayer MWCC confluence with North Fork
Crow River
6A Mississippi River USGS & Mile point 871.3, 0.3 mile 17,100
at Anoka MWCC upstream from Rum River
MPCA
6B Mississippi River USGS Mile point 864.8, 6.2 miles 19,100
near Anoka downstream from Rum River
at USGS gaging station
05288500, Mississippi River
near Anoka
6C Mississippi River USGS & Mile point 862.8 19,110
at Fridley MWCC
6D Mississippi River MPCA Mile point 859, 6 miles 19,400
at Minneapolis downstream from USGS gaging
Waterworks station 05288500, Mississippi
River near Anoka
~
6E Mississippi River USGS & Mile point 847.6, 3 miles 19,700
at Ford Plant, MWCC upstream from Minnesota
St. Paul River, above dam
6F Mississippi River USGS & Mile point 839.3, 5.5 miles 36,800
at St. Paul MWCC downstream from Minnesota
MPCA River at USGS gaging station

05331000, Mississippi River
at St. Paul. MPCA sampled
1,000 ft upstream

10



Table 3.--Primary water-quality sites in Hydrologic Unit 070102--Continued

Drainage
Site area
number Name Agency Location (square miles)
6G Mississippi River USGS & Mile point 836.6, 0.5 mile 36,840
at Industrial MWCC upstream from Metropolitan
Molasses Plant, sewage-treatment plant
St. Paul
6H Mississippi River USGS & Mile point 832.5, 2.8 miles 36,880
at Highway 494, MWCC downstream from Metropolitan
Newport sewage-treatment plant
6I Mississippi River USGS & Mile point 830.6. MPCA site 36,900
at Fifth St., MWCC is 1,500 ft downstream at the
Newport MPCA Inver Grove Heights bridge
6J Mississippi River USGS & Mile point 826.2 37,000
at Grey Cloud MWCC
Island
6K Mississippi River USGS & Mile point 817.8 37,050
at Nininger MWCC
6L Mississippi River USGS & Mile point 815.2 above Lock 37,080
at Lock and Dam 2 MWCC and Dam 2
6M Mississippi River USGS & Mile point 814 37,100
below Lock and MWCC
Dam 2 MPCA
7A Rum River near USGS & Mile point 15.8 1,360
St. Francis MWCC
7B Rum River at USGS & Mile point 0.6, 450 ft 1,580
Anoka MWCC downstream from dam
MPCA
MN-12 Minnesota River USGS & Mile point 3 16,900
at Fort Snelling MWCC
State Park, St. MPCA
Paul
8 MN-1 is in Hydrologic Unit 070200. It is used as a point-source discharge to

Hydrologic Unit 070102,
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METHODS OF EVALUATION

Except for data from automatic monitors, all water-quality data were
stored on a computer at the University of Minnesota at Minneapolis. Missing
streamflow data for sites on the Mississippi River between Royalton and Anoka
were calculated using a log-transformed linear regression of site 6B against
site 1A. Streamflows at site 7B were calculated using a linear regression of
site 7A against site 7B. Streamflows for sites 6L and 6M were obtained from
the U.S. Army Corps of Engineers. Missing streamflows for all other sites were
calculated by using nearby gaging stations and adjusting for drainage area and
travel time.

Values that were reported as "less than" were changed to values half the
detection limit for purposes of statistical analysis. The data were evaluated
by using the following guidelines:

. maximum and minimum values for determining outlyers;

. cation-anion balance within + 5 percent;

ratio of specific conductance to sum of cations between 0.55 - 0.75;
ratio of specific conductance to sum of anions between 0.55 - 0.75;
ratio of dissolved solids to specific conductance between 0.55 - 0.75.

wnmswN =

Statistical analysis of data on the university computer was done by using
SPSS1 (Statistical Package for the Social Sciences); (Nie and others, 1975).
Monitor data were analyzed with the aid of SAS (Statistical Analysis System);
(SAS Institute Inc., 1982)].

Trend analyses were done by using the nonparametric Spearman correlation
test. Regressions of selected constituents with specific conductance were done
by using a least-squares technique. The symbols, +, -, and O are used to
denote trends, as follows: + 1s increasing trend; - is decreasing trend; ++ or
-- are respectively, increasing or decreasing trends with the absolute value of
the correlation coefficient greater than 0.75; and O is no apparent trend. No
trend is indicated if the significance level is greater than 0.05 for a two-
tailed test.

Five seasons are used for showing seasonal trends. They are: early
spring, March and April; late spring, May and June; summer, July through Sep-
tember; fall, October and November; and winter, December through February.

lyse of trade names in this report is for identification purposes only and
does not constitute endorsement by the U.S. Geological Survey.

12



SUBBASIN CHARACTERISTICS
Subbasin 1
Physical Characteristics

Subbasin 1 includes approximately 1,030 m12 and lies in the north-central
part of the study area. It is mostly a rolling glacial-till plain ranging in
elevation from about 1,260 to 990 feet above sea level. Most of the land is
used for agriculture and dairying, but there is also a significant amount of
forest (table 4). Urban areas are small and most communities have wastewater-
treatment facilities.

Table 4.--Land use in subbasin 1

Percentage
Use Acres of total
Cultivated 270,040 41.04
Extractive 120 .02
Forested 142,520 . 21.66
Marsh 12,440 1.89
Pasture and open 205,600 31.25
Transportation 80 .01
Urban nonresidential 4,560 .69
or mixed residential
development
Urban residential 8,440 1.28
Water 14,160 2.15

The Mississippi River flows 26 miles across subbasin 1 from NASQAN
site 1A, river mile 956, to the mouth of the Sauk River, mile 930. The
gradient is 1.5 feet per mile.

Site 1A, Mississippi River near Royalton, has been gaged since 1924, and
mean-daily streamflow was computed on the basis of powerplant records provided
by Minnesota Power Company. The avgrage streamflow for the period of record
through water year 1983 is 4,503 ft”/s_(U.S. Geological Survey, 1984, p. 56).
A maximum daily discharge of 37,700 ft3/s occurred April 16, 1965; a minimum
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of 254 ft3/s occurred November 25, 1936. During the 1976-77 drought, a minimum
streamflow of 412 ft~/s occurred September 10, 1976 (U.S. Geological Survey,
1977, p. 241).

Water-Quality Characteristics

Two primary sites, 1A and 1B, and four secondary sites are used to de-
scribe the water quality. Site locations and land-use are shown in figure 4.
The primary sites are on the Mississippi River and are approximately 3 miles
apart. Inspection of data from the sites and results from the Mann-Whitney
U-test suggest that the data sets can be combined. The Mann-Whitney U-test
is a nonparametric test for differences between two sets of data.

The quality of water in the Mississippi River in this subbasin is consid-
ered to be the quality of the water entering the study area. Summary statis-
tics for sites 1A and 1B are shown in table 5. The seasonal trend shows spring
runoff beginning in early spring and the major part occurring in late spring.
Peak daily flows, however, generally occur in April.

Concentrations of some constituents vary seasonally because of their
relation with streamflow. Examples of this relation are shown in figure 5.

Specific conductance and concentrations of calcium and chloride are
relatively large in early spring when the early part of spring runoff is mixed
with base flow. As spring runoff increases, values of these constituents reach
their minimum and then increase throughout the remainder of the year. There is
a small increase in streamflow during the fall when evapotranspiration dimin-
ishes, but specific conductance and calcium and chloride concentrations contin-
ue to increase because streamflow during this period is increasingly composed
of ground-water discharge. Ice formation in the winter increases concentra-
tions to their maximum values as, for example, occurred with specific conduct-
ance and calcium concentration. Chloride concentration also increased at
site 1A, however, when combined with site 1B, a slight decrease was noted,
which can happen statistically when dealing with small concentrations. An
increase in chloride concentration is expected to be similar to the increases
in specific conductance and calcium concentration.

Concentrations of suspended solids and total phosphorus generally vary
directly with streamflow (fig 5). Neither constituent is present in large
concentrations, partly because of the large proportion of forested area above
Royalton.

Examples of three constituents that are significantly influenced by
factors other than streamflow are shown in figure 6. Dissolved oxygen is
influenced mainly by water temperature. As temperatures decrease in the fall,
dissolved-oxygen concentrations increase. Ice formation in the winter reduces
reaeration, causing concentrations to decrease. Dissolved-oxygen concentra-
tions increase again in early spring and then decrease to the lowest median
concentrations in summer. Concentrations were below the 5.0 mg/L 1-day mini-
mum for early life stages of warm-water fish populations (U.S. Environmental
Protection Agency, 1986) during 3 of the 136 measurements. Dissolved-oxygen
concentrations were 4.9 mg/L on February 7-8, 1977, and 4.6 mg/L on July 17,
1981.
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Table 5.--Summary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
uS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams

Period of record

Number

Constituent of meas- Standard
or property urements Maximum Minimum Mean Median deviation
Streamflow, ,mean

daily (ft /s)...... 191 33,000 605 5,840 3,910 5,700
Specific

conductance

(uS/em)...oovvnnnn. 187 580 150 280 280 61
PH (units)........... 183 8.9 6.8 7.8 7.9 0.4
T erature

( Celsius)......... 128 30.0 0.0 10.0 8.0 9.5
Oxygen, dissolved

(mg/L)e.venevennn.. 136 16.0 4.6 9.6 9.4 2.3
Fecal coliform

(colonies/100mL). .. 143 7,200 1 180 50 640
Fecal Streptococci

(colonies/100mL). .. 75 1,200 2 140 51 230
Calcium, dissolved

(mg/L).....covvunns 165 60 17 38 38 7.5
Magnesium, dis-

solved (mg/L)...... 122 19 3.0 12 13 2.8
Sodium, dissolved

(mg/L)............. 166 11 1.2 5.4 5.2 1.9
Potassium, dis-

solved (mg/L)...... 165 5.0 .8 1.9 1.8 .7
Alkalinity, total

(mg/L)............. 145 220 74 140 140 26
Sulfate, dissolved

(mg/L)..oovvvinnnn. 148 23 2.5 9.3 - 8.8 3.6
Chloride, dissolved

(€775 75 I 183 20 .6 3.7 3.4 2.0
Solids, dissolved

[€:17- 7 P 0 -- -- -- -- --

Solids, suspended

(mg/L)....oovvnnnn. 141 91 <1 12 8 13
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 78 .57 .00 .16 .14 .12
Ammonia as nitrogen,

dissolved (mg/L)... 116 2.1 .01 .13 .10 .20
Phosphorus, total

(mg/L)..oveevennnnn 149 .61 .02 .07 .06 .07
Phosphorus, dis-

solved (mg/L)...... 45 .15 .01 .03 .02 .02
Arsenic, total

[(€77:92 7 73 33 <1 4 5 3.9
Cadmium, total

[€77-32 7 J 93 38 <1 6 5 5.9
Chromium, total

(€777 75 S 30 30 <1 15 19 10
Lead, total (ug/L)... 75 29 <1 6 5 4.7
Manganese, total

[477-2 7 J 118 280 <1 84 80 54
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at sites 1A and 1B, Mississippi River near Royalton, Mimmesota, 1963-84

fall, October-November; winter, December-February; ftals, cubic feet per second;

per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)

Early spring Late spring Summer Fall Winterxr
Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day
4,710 -- 8,600 -- 3,440 -- 3,980 -- 3,350 --
293 - 230 -~ 272 -- 280 - 312 --
7.8 -- 8.0 -- 8.0 - 8.2 -- 7.7 -~
1.5 -~ 18.0 -- 21.5 - 7.0 -- .0 -
11.5 - 8.2 -~ 7.9 -~ 10.9 -~ 9.8 --
51 -~ 70 - 20 -- 20 -- 80 -
65 - 100 -- 90 -- 27 -- 25 --
40 509 31 720 36 334 37 398 44 398
13 165 11 255 12 111 13 140 14 127
5.5 69.9 4.0 92.9 5.0 46.4 5.0 53.7 5.9 53.4
2.2 28.0 1.7 39.5 1.5 13.9 1.8 1.83 1.9 17.2
150 1,910 120 2,790 139 1,290 130 129 160 1,450
8.7 111 7.5 174 8.5 78.9 9.0 8.92 9.2 83.2
3.4 43.2 2.7 62.7 3.5 32.5 3.8 3.76 3.7 33.5
5 63.6 10 232 8 74.3 6 5.91 3 27.1
.24 3.05 .06 1.39 10 .93 .08 .11 .22 1.99
.10 1.27 .10 2,32 .10 .93 .10 .11 .10 .90
.05 .64 .07 1.62 .06 .56 .04 .43 .04 .36
.02 .25 .02 .46 .03 .28 .02 .21 .02 .18
4 .05 4 .09 5 .05 3 .03 2 .02
5 .06 5 .12 5 .05 5 .05 5 .04
25 .32 18 .42 10 .09 20 .21 10 .08
5 .06 5 .12 5 .05 5 .05 5 .04
80 1.02 100 2.32 95 .88 50 .54 70 .63
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Table 6.--Results of regression analyses relating streamflow and

specific conductance in subbasin 1

concentrations of selected chemical constituents to

[SpC, specific conductance in microsiemens per centimeter at 25° Celsius;
ft /s, cubic feet per second; mg/L, milligrams per liter; <, less than]

Constituent

Correlation

Standard

Number of coefficient Significance error of
or property observations Regression equation (r) of r estimate
Streamflow (Q), 7 2.5

ft /8.0 186 Q = 535x10 (SpC) “° -0.66 <0.001 67 percent
Calcium (Ca),

mg/L.......... 158 Ca = 0.09(SpC) + 12 74 <,001 5.1 mg/L
Magnesium (Mg),

mg/L.......... 113 Mg = 0.04(SpC) + 1.0 .84 <.001 1.4 mg/L
Sodium (Na),

mg/L..... . 159 Na = 0.02(SpC) + 0.4 .58 <.001 1.5 mg/L
Potassium (K),

mg/L..... . 151 K = 0.002(SpC) + 1.2 .24 .002 0.4 mg/L
Alkalinity (Alk)

as CaCDa,

mg/L.......... 145 Alk = 0.37(SpC) + 38 .84 <,001 14 mg/L
Sulfate (804),

mg/L.......... 141 so‘ = 0.2(SpC) + 3.3 .34 <,001 3.4 mg/L
Chloride (Cl),

mg/L........ . 173 Cl = 0.01(SpC) + 0.9 .36 <,001 1.4 mg/L
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Table 7.--Trends for selected constituents and properties at
sites 1A and 1B near Royalton, Minmesota

[+, increasing trend; -, decreasing trend; 0, no apparent trend]
Ccenstituent Number of Trend for
or property observations period of record

Streamflow................ 191 -

Specific conductance...... 187 +

PH. ... 183 +

Temperature............... 128 0

Dissolved oxygen.......... 136 0

Fecal coliform............ 143 -

Fecal Streptococci........ 75 0

Calcium................... 165 0

Magnesium................. 122 0

Sodium.................... 166 +

Potassium................. 165 0

Alkalinity................ 145 0

Sulfate................... 148 0

Chloride.................. 183 +

Suspended solids.......... 141 0

Nitrite plus nitrate as

nitrogen................ 78 0

Ammonia as nitrogen....... 116 -

Total phosphorus.......... 149 -

Dissolved phosphorus...... 45 0

Arsenic................... 73 -

Cadmium................... 93 -

Chromium.................. 30 +

Lead...........civviin, 75 0

Manganese.............c.... 118 +
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Table 8.--Streamflow and water quality at secondary sites in subbasin 1

[ftals, cubic feet per second; uS/cm, microsiemens per centimeter at 25° Celsius; °C, “Celsius;
<, less than])

mg/L, milligrams per liter; ug/L, micrograms per liter;

--, value not determined;

Little Rock

Little Rock Watab
Creek near Creek at River near
Platte River at Royalton Royalton Rice Sartell
(05268000) (05268500) (05268700) (05269800)
Constituent Aug. 21, July 31, Sept. 29, Sept. 5, Sept. 6, Aug. 19, May 23, Sept. 6, Aug. 18,
1969 1974 1976 1978 1978 1976 1978 1978 1976
Streamflow (ftals)... 49 48 3.9 76 3.3 7.7 19 16 5.3
Specific conductance
(uS/em)...oovvunnn 263 229 280 260 290 2890 300 290 400
pE (units)........... 8.0 -- - - 7.6 - 7.6 7.7 8.5
Temperature (°C)..... 21.0 14.5 12.5 25.0 17.0 18.5 19.5 21.0 24.0
Calcium, dissolved
[6: 777 ¥ I 34 28 38 36 43 40 48 43 47
Magnesjum, dissolved
(mg/L)......ooouuus 11 9.5 13 11 10 10 11 10 21
Sodium, dissolved
(mg/L)........ oo 4.9 4.4 7.3 5.0 4.6 4.7 5.0 4.5 9.3
Potassium, dissolved
[€:.7-7) 5 1.0 90 3.2 2.4 2.0 1.0 1.4 1.6 2.5
Alkalinity, total as
CaCO3 (mg/L)....... 133 110 135 120 140 135 140 140 178
Sulfate, dissolved
(€772 5 I 7.0 6.6 20 5.5 9.1 11 13 11 24
Chloride, dissolved
(ME/L)..vevieenennn 2.6 3.5 4.7 5.1 3.5 3.0 4.7 3.9 12
Solids, dissolved
[€:.7-72 7 I 162 128 172 183 189 166 199 188 227
Nitrite plus nitrate
as nitrogen (mg/L). - <.10 04 <.10 99 1.4 .87 .53 .03
Phosphorus, total
(mg/L)....... Ceesea - 05 .03 05 .02 .05 .10 .04 .06
Manganese, total
(ug/L)....... veesen 50 - 80 80 140 100 230 160 60
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Subbasin 2
Physical Characteristics

Subbasin 2 has an area of approximately 1,000 mi? and is located in the
northwestern part of the study area. It is mostly a rolling, glacial-till
plain ranging in elevation from about 1,350 to 990 feet above sea level. Most
of the land is used for agriculture and dairying and a significant amount is
cultivated (table 9). The northwestern part of the St. Cloud area is within
the lower end of the subbasin. All other urban areas are small, and most
communities have waste-water-treatment facilities.

The Sauk River, which drains the entire subbasin, rises in Osakis Lake and
flows southeast for 93 miles to join the Mississippi River near St. Cloud. The
Sauk River falls about 340 feet in its length. Steepest slopes occur in the
upper 12 miles where the fall is about 115 feet.

Table 9.--Land use in subbasin 2

Percentage

Use Acres of total
Cultivated...................... 366,200 54.80
Extractive............ ... .. .. ... 400 0.06
Forested.................cco... 52,840 7.91
Marsh...........iiiiiiiiiiiann 11,240 1.68
Pasture and open................ 189,760 28.40
Transportation.................. 800 .12

Urban nonresidential or mixed

residential development....... 6,720 1.01
Urban residential............... 11,600 1.74
Water. ... .ooviiiiinnnninnnnnnns 28,680 4.29
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U.S. Geological Survey gaging station 05270500 on the Sauk River near
St. Cloud was operated for 51 years as follows: water years 1910-12, 1931,
and 1935-81. The station was located 3 milgs above site 2A. Average stream-
flow during the period_of record was 276 ft’/s, and the median of yearly mean
streamflows was 237 ft~/s (U.S. geological Survey, 1982, p. 76). An instan-
taneoug maximum flow of 9,100 ft”/s occurred April 13, 1965; a minimum of
0.3 ft /ﬁ occurred November 25, 1936. During the 1976-77 drought, a minimum
of 14 ft”/s occurred October 28, 1976 (U.S. Geological Survey, 1978, p. 48).

Water-Quality Characteristics

Site 2A, sampled by MPCA from 1953-82, is the primary sampling site for
subbasin 2. Data from this and seven secondary sites are used to describe
water quality in subbasin 2 (fig. 8).

Table 10 shows summary statistics for site 2A. Trace-element concentra-
tions, except for cadmium, meet ambient water-quality human-health criteria
(U.S. Environmental Protection Agency, 1986). Cadmium exceeded the criterion
in two samples collected on June 21, 1972, and July 29, 1974. Analytical
methods were not as sensitive then as they are now (1984), which may explain
the two high values. In fact, most of the arsenic, cadmium, and lead values
were reported to be less than 10, which is why the medians tend to be near

5.0 ug/L.

Figure 9 shows selected constituents that usually exhibit a good direct
or inverse relation to streamflow. At site 2A, however, water in the Sauk
River does not show these typical relations because of the effect of lakes
about 15 miles upstream.

Apparently, during spring runoff, the normal decrease in concentrations of
dissolved solids (evidenced by specific conductance), chloride, and calcium and
the normal increase in concentrations of suspended solids and total phosphorus
occur. By summer, however, specific conductance and calcium values decrease
more, total phosphorus increases, and suspended-solids concentrations remain
relatively high. Summer concentrations at site 2A appear to reflect upstream
release of impounded water. Most of the phosphorus probably is contained in
algae. The suspended-solids concentration probably reflects the inorganic-
material content of the stream in spring and organic-matter content in the
summer. In fall and winter, streamflow is derived predominately from ground-
water discharge; at this time, concentrations of chemical constituents return
to levels more typical of most natural streams.

Examples of selected constituents whose concentrations depend on factors
other than streamflow are shown in figure 10. Dissolved-oxygen concentrations
show a good direct relation to temperature during the open-water period. In
winter, during ice cover, dissolved-oxygen concentrations decline to a median
of 9.7 mg/L. The minimum of 4.8 mg/L (table 10) was measured December 5, 1973.
Ice cover in winter decreases reaeration, which reduces dissolved-oxygen con-
centration. In general, dissolved-oxygen concentrations are adequate to main-
tain healthy fish populations year round.
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Table 10.--Summary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
uS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams per liter;

Period of record

Number

Constituent of meas- Standard
ore property urements Maximum Minimum Mean Median deviation
Streamflow, mean

daily (ft /s)..... . 148 2,780 23 385 224 478
Specific

conductance

(uS/cm)..... Ceeeeee 125 700 250 460 450 86
pH (units)........... 155 8.7 7.4 8.1 8.1 0.3
Temperature

(degree Celsius)... 75 28.0 .0 10.5 11.5 8.0
Oxygen, dissolved

(mg/L)...covvvvnnnn 157 15.9 4.8 8.6 9.3 2.2
Fecal coliform

(colonies/100mL)... 124 16,000 2 770 130 2,200
Fecal Streptococci

(colonies/100mL). .. 8 370 9 120 50 130
Calcium, dissolved

(mg/L)...ooevunnnn 68 88 29 57 56 12
Magnesium, dis-

solved (mg/L)...... 25 34 11 24 24 5.5
Sodium, dissolved

(mg/L).......covt 59 22 4.2 10 8.6 3.7
Potassium, dis-

solved (mg/L)...... 58 8.0 1.0 4.4 4.0 1.6
Alkalinity, total

(mg/L)............. 85 300 140 212 206 34
Sulfate, dissolved

(mg/L).....oovvnnnn 43 48 10 30 30 8.3
Chloride, dissolved

(mg/L)......oovunn 82 30 .5 12 12 6.2
Solids, dissolved

(mg/L).....covvnnn 2 300 280 290 290 14

Solids, suspended .,

(mg/L)............. 140 150 <1 16 12 18
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 68 3.0 .01 .66 .38 .63
Ammonia as nitrogen,

dissolved (mg/L)... 126 .99 .03 .22 .12 .17
Phosphorus, total

(mg/L).covvvvnnnnn. 125 2.7 .01 .26 .22 .26
Arsenic, total

(pug/L)............. 52 23 2 5 5 3.4
Cadmium, total

(47372 % PN 72 25 <1 5 5 3.4
Chromium, total

(ug/L)....... P 9 10 <1 2 1 3.0
Lead, total (ug/L)... 63 25 <1 5 5 3.4
Manganese, total

[€77-7) % 1N 57 770 10 100 90 100
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at site 2A, Sauk River at St. Cloud, Minnesota, 1953-82

fall, October-November; winter, December-February; ftals, cubic feet per second;

ug/L, micrograms per liter; mL, milliliter; --, value not determined; <, less than)
Early spring Late spring Summer Fall Winter
Tons Tons Tons Tons Tons

Median per day Median per day Median per day Median per <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>