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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.
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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 day Median per day

328 -- 443 -- 210 -- 128 -- 128 --
450 -- 452 -- 408 -- 442 -- 555 --
8.0 -- 8.0 -- 8.1 -- 8.2 -- 8.0 --
2.0 -- 18.0 -- 20.0 -- 7.0 -- 0.0 --
11.3 -- 8.4 -- 7.9 -- 11.4 -- 9.7 --
60 -- 120 -- 220 -- 130 -- 170 --
87 -- -- - 140 -- 220 -- 14 --
53 46.9 56 67.0 49 27.8 56 19.4 69 23.8
23 20.4 26 31.1 18 10.2 25 8.64 30 10.4
9.9 8.77 7.1 8.49 7.5 4.25 11 3.80 13 4.49
4.5 3.98 4.0 4.78 4.0 2.27 4.0 1.38 4.2 1.45
198 175 208 249 196 11 212 73.3 257 88.8
33 29.2 30 35.9 23 13.0 33 11.4 36 12.4
9.8 8.68 10 12.0 10 5.67 13 4.49 15 5.18
-- -- -- -- 290 164 -- -- -- --
9 7.97 19 22.7 19 10.8 7 2.42 4 1.38
.99 .88 .16 .19 .34 .19 .32 11 1.1 .38
.34 .30 .10 12 .10 .06 .10 .03 .32 .1
.25 .22 .18 .22 .27 .15 .17 .06 .20 .07
5 00 5 00 5 .00 4 00 5 00

5 00 5 00 6 .00 5 00 5 00
-- -- 1 00 3 .00 1 00 -- --
5 00 5 00 6 .00 5 00 5 00
62 .05 94 .11 110 .06 40 .01 85 .03
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Table ll.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to

[SpC, specific cohductance in microsiemens per centimeter at 25° Celsius;
ft /s, cubic feet per second; mg/L, milligrams per liter; <, less than;
*, not significant at the 95-percent confidence level]

specific conductance at site 2A

Correlation Standard

Constituent Number of coefficient Significance error of
or property observations Regression equation (r) of r estimate
Streamflow (Q), 6 -2.2

ft.s/s. ........ 116 Q = 150x10 (SpC) ™ -0.40 <0.001 107 percent
Calcium (Ca),

mg/L........ . 68 Ca = 0.11(SpC) + 9.6 .70 <.001 8.7 mg/L
Magnesium (Mg),

mg/L.......... 25 Mg = 0.05(SpC) - 0.1 .72 <.001 3.9 mg/L
Sodium (Na),

mg/L..... e 59 Na = 0.03(SpC) - 1.5 .57 <,001 3.0 mg/L
Potassium (K), w

mg/L.......... 58 K = 0.002(SpC) + 3.6 .09 .510 1.6 mg/L
Alkalinity as

CaCO3 (Alk),

mg/L.......... 70 Alk = 0.28(SpC) + 88 .66 <,001 26 mg/L
Sulfate (SO‘),

mg/L.......... 43 SOA = 0.06(SpC) + 2.4 .64 <.,001 6.5 mg/L
Chloride (Cl),

mg/L.......... 71 Cl = 0.03(SpC) - 0.5 .53 <.001 4.4 mg/L
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Table 12.--Trends for selected constituents and properties
at site 2A at St. Cloud, Mimmesota

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

Streamflow................ 148 0
Specific conductance...... 125 +
PH. .o 155 0
Temperature............... 75 0
Dissolved oxygen.......... 157 0
Fecal coliform............ 124 0
Fecal Streptococci........ 8 0
Calcium................... 68 0
Magnesium................. 25 0
Sodium.................... 59 0
Potassium................. 58 ¢]
Alkalinity................ 85 0
Sulfate............ ..., 43 0
Chloride.................. 82 +
Suspended solids.......... 140 0
Nitrite plus nitrate as

nitrogen................ 68 0
Ammonia as nitrogen....... 126 +
Total phosphorus.......... 125 0
Arsenic................... 52 -
Cadmium................... 72 -
Chromium.................. 9 -
Lead............ccovivvn, 63 -
Manganese................. 57 0
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Table 13.--Streamflow and water-quality

[-, value not determined; U.S. Geological Survey station

Specific
Streamflow, conductance, Calcium, Magnesium, Sodium,
cubic microsiemens Temperature, dissolved, dissolved, dissolved,
feet per per pH degrees milligrams milligrams milligrams
Sampling locations Date second centimeter units Celsius per liter ©per liter per liter
Ashley Creek at 8-09-70 10 375 8.1 28.0 42 19 4.1
Westport 5-12-71 13 3g1 7.9 13.0 49 22 3.3
(05270130) 11-13-72 22 433 7.3 .5 55 23 4.1
11-02-73 13 403 8.1 5.0 48 22 4.3
Ashley Creek near
Sauk Centre
(05270150) 8-20-69 8.2 503 7.8 18.0 80 28 5.1
Adley Creek near
Melrose
(05270210) 8-20-69 4.8 378 8.1 24.0 43 21 4.9
Sauk River at
New Munich 8-20-68 33 488 8.0 24.0 52 25 13
(05270230) 8-17-78 13 500 8.1 18.5 48 28 25
Sauk River near
Farming 8-21-69 &4 481 7.3 23.0 57 28 11
(05270350) 8-17-76 17 560 8.5 22.0 81 28 21
Sauk River at
Cold Spring
(05270440) 8-18-78 71 380 - 22.0 43 22 12
Sauk River near 9-22-67 76 408 8.0 - 41 22 8.0
St. Cloud 8-29-68 39 428 7.5 18.0 43 24 8.3
(05270500) 12-10-68 157 495 7.8 1.0 58 28 7.8
6-23-69 267 456 7.8 16.0 56 25 7.2
8-21-69 58 415 7.8 26.0 40 23 7.4
4-08-71 1780 265 7.5 2.0 37 10 3.8
11-30-71 817 480 7.8 .0 57 24 6.8
8-20-76 72 420 8.0 24.5 51 23 12
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at secondary sites in subbasin 2

number is in parenthesis after sampling location]

Alkalinity, I Nitrite plus
Potassium, total Sulfate, Chloride, Solids, nitrate, as Phosphorus, Phosphorus, Manganese,
dissolved, as CaCO_, dissolved, dissolved, dissolved, nitrogen, total, dissolved, total,

milligrams milligrams milligrams milligrams milligrams milligrams milligrams milligrams micrograms
per liter per liter per liter per liter per liter per liter per liter per liter per liter

180 11

2.5 2.8 208 0.33 0.07 - -
2.8 198 12 3.2 220 .00 .10 - -
2.3 217 16 4.7 256 .23 .03 - -
2.3 200 12 4.3 227 .20 .01 - -
- 243 29 3.6 306 .50 - 0.01 110
2.9 192 13 3.0 230 .30 - .02 27
- 225 28 14 297 .30 - .33 29
5.4 212 30 28 307 .51 1.6 - 150
3.9 230 26 13 307 .50 - .30 34
4.6 239 31 26 326 .79 .96 - 180
4.1 172 25 16 247 .01 .45 - 100
4.8 180 28 7.5 241 - - - 10
4.4 182 27 8.8 253 - - - -
3.8 218 39 8.7 295 - - .09 -
3.6 217 27 8.0 262 .30 - .05 30
3.8 1786 25 8.0 239 .80 - .09 38
6.8 105 24 5.3 168 3.1 .28 - -
2.9 206 38 8.4 320 1.1 .18 - -
4.5 190 25 17 266 .25 .42 - 150
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Subbasin 3
Physical Characteristics

Subbasin 3 includes approximately 1,120 mi2 and lies in the central part
of the study area. Glacial deposits overlie bedrock in virtually the entire
area. Drift exceeds 300 feet in thickness in the southern part of the study
area where the drift fills bedrock valleys (Lindholm, 1980). The northern half
of the subbasin is relatively flat and is underlain by outwash. The southern
half of the subbasin is underlain mainly by gray till. Three fourths of the
subbasin is used for agriculture and dairying and about 17 percent is forested
(table 14).

Table 14.--Land use in subbasin 3

Percentage

Use Acres of total
Cultivated 299,080 41.82
Extractive 200 0.03
Forested 119,240 16.67
Marsh 13,920 1.95
Pasture and open 234,560 32.79
Transportation 80 .01
Urban nonresidential 11,000 1.54

or mixes residential

development
Urban residential 17,640 2.47
Water 19,520 2.73

The largest urban area is the twin cities of Sauk Rapids and St. Cloud,
with a combined 1980 population of 48,359 (U.S. Department of Commerce, 1982).
Most communities in subbasin 3 have waste-water-treatment facilities.
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The Mississippi River flows southeasterward across subbasin 3, approx-
imately 55 miles from the Sauk River to the Crow River. The gradient in
this reach is 2.5 feet per mile. The U.S. Geological Survey gaging station,
Mississippi River at Elk River,_ was operated from 1915-56. Average streamflow
during that period was 5,32% ft3/s (U.S. Geological Survey, 1964, p. 169).
A maxigum flow of 49,200 ft’/s occurred April 12, 1952, and a minimum of
278 ft’/s occurred November 15, 1933. _After the station was discontinued,
an estimated maximum flow of 62,000 ft3/s occurred April 16, 1965 (Anderson
and Burmeister, 1970, p. Al121). The estimated maximum flow was based on a
high-water mark at the location of the discontinued station.

The largest tributary of the Mississippi River in subbaiin 3 is Elk
River, which is 51 miles long with a drainage area of 650 mi“; it’'s gradient
is 3.9 ft/mi. Streamflow at site 3D, the U.§. Geological Survey gaging station
Elk River near Big Lake, has averaged 260 ft~”/s during 55 years of record. %
maximum flow of 7,360 ft3/s occurred April 16, 1965, and a minimum of 3.6 ft]/s
occurred July 31, 1934. During the 1976-77 drought, a minimum flow of 18 ft3/s
occurred August 28, 1976.

Water-Quality Characteristics

Sites 3A, 3B, 3C, 3D, 3E, and 3F are used to describe water quality in
subbasin 3 (fig. 12). All are on the Mississippi River, except D and E, which
are on the Elk River. Data summaries for all sites are shown in tables 15-20.
Inspection of the data shows little difference between sites, even though they
have different periods of record. The MPCA collected samples on the Elk River
at site 3E above the dam on Orono Lake from 1971-73 and sampling then was moved
7 miles upstream to site 3D. Even though site 3E represents lake conditions,
the data are similar to data from site 3D.

For a better comparison between sites, figure 13 shows plots of medians
of selected constituents for the period 1977-82. 3A, 3B, and 3C were the only
sites that were sampled during that period. For each constituent in figure 14,
site 3A had 42 observations and 3B and 3C had 54. These data also show water
quality in subbasin 3 to be uniform. Where there appear to be minor differ-
ences, such as in the nitrite plus nitrate concentrations, the differences are
not significant when one considers sampling error, analytical error, and the
magnitude of the values in question.

Figure 14 shows median seasonal variations for some selected constituents.
Because of the uniform water quality, data for the Mississippi River sites were
combined. Specific conductance and concentrations of suspended solids, calci-
um, and chloride vary as expected with streamflow.

Suspended-solids concentrations are lowest in winter during ice cover.
The highest median value is only 15 mg/L and occurs in late spring. The low
range of suspended-solids concentrations is mainly attributable to the flatness
of the terrain and the fact that half the land is forested or in pasture.
These attributes help minimize sediment yields.
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Table 15.--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 (ft7/s)...... 160 34,300 699 5,700 3,850 5,620
Specific

conductance

(uS/em) .o vvvienn... 92 460 160 297 281 61
pH (units)..... e 159 8.6 6.7 7.9 8.0 0.3
Temperature

( Celsius)......... 63 27.0 .0 11.0 11.5 9.0
Oxygen, dissolved

(mg/L)...oovvvnnnnn 158 15.4 4.8 9.4 9.1 2.3
Fecal coliform

{(colonies/100mL)... 104 5,400 20 320 110 880
Fecal Streptococci

(colonies/100mL)... 8 1,600 9 460 86 710
Calcium, dissolved

(mg/L).covvninennnn 50 60 26 39 39 7.7
Magnesium, dis-

solved (mg/L)...... 24 19 10 14 13 2.6
Sodium, dissolved

(mg/L)...oovnennnnn 42 12 3.0 6.7 6.0 2.5
Potassium, dis-

solved (mg/L)...... 42 7.5 1.0 2.1 1.9 1.1
Alkalinity, total

(€732 75 B 66 200 79 143 149 23
Sulfate, dissolved

{mg/L)........oovvt 42 26 6.5 14 12 4.5
Chloride, dissolved

[4:7-7 75 I 78 13 .5 4.4 4.0 2.6
Solids, dissolved

(€772 5 J 1 - -- -- - -~
Solids, suspended

(mg/L)...covvvnnn.. 132 120 <1 13 9 14
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 56 .61 .01 .16 .11 .15
Ammonia as nitrogen,

dissolved (mg/L)... 115 .58 .03 .14 .10 .09
Phosphorus, total

(mg/L)..voovevnnnn. 118 .76 .01 .11 .08 .09
Arsenic, total

(€77:72 % 31 15 1 4 5 2.8
Cadmium, total

(€77-72 7 J 54 61 <1 6 5 7.8
Chromium, total

[€77-7 7 I, 6 10 <1 2 1 3.7
Lead, total (ug/L)... 52 60 <1 7 5 8.6
Manganese, total

[(€77:3) % 1 41 450 10 110 110 89

at site 3A, Mississippi River at Sauk Rapids, Minnesota, 1953-82
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at site 3A, Mississippi River at Sauk Rapids, Minnesota, 1953-82

fall, October-November; winter, December-February; ttsls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data]

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

4,160 -- 7,220 - 3,960 - 3,490 -- 3,450 --
285 - 285 - 281 - 280 - 332 --
8.0 -- 8.0 -- 8.0 -- 8.0 - 7.9 --
2.0 -- 18.5 - 21.0 -- 6.0 - .0 --
11.2 - 8.3 - 7.7 -- 11.0 == 9.3 --
77 - 180 - 170 -- 55 -- 80 -
180 -- -- -- 1,200 -- 18 - 9 --
40 449 386 702 35 374 40 377 43 400
12 135 10 195 12 128 18 151 15 140
8.2 89.6 4,2 81.8 '5.9 83.1 7.0 66.0 6.4 59.8
2.0 22.5 1.7 33.1 1.4 15.0 2.0 18.8 2.0 18.8
135 1,520 130 2,530 139 1,490 150 1,410 158 1,470
11 124 13 253 12 128 14 132 11 102
4.0 44.9 2.8 54.8 4.5 48.1 3.3 31.1 4.0 37.3
- - - -- 180 1,920 -- - -- -
8 89.8 15 292 11 118 7 66.0 4 37.3
.31 3.48 .04 .78 .06 .84 .08 .58 .34 3.17
.20 2.25 .10 1.85 .10 1.07 .10 .94 .10 .93
.07 .79 .10 1.95 .09 .96 .07 .86 .05 .48
5 .08 5 .10 5 .05 1 .01 5 .05
5 .08 5 .10 5 .05 5 .05 8 .07
-- -- 1 .02 2 .02 1 .01 - --
8 .07 5 .10 5 .05 5 .05 5 .05
110 1.24 140 2.73 110 1.18 51 .48 90 8.38
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Table 16.--Summary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
u/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,smean

daily (ft /s)...... 164 69, 500 801 7,490 4,740 8,510
Specific

conductance

(€774 D J N 162 510 150 299 299 67
pH (units).......... . 164 8.6 7.0 7.8 7.9 0.3
T erature

(Celsius)......... 75 25.0 0.0 11.0 10.5 9.0
Oxygen, dissolved

(€772 % I 162 16.2 5.5 9.9 9.9 2.1
Fecal coliform

(colonies/100mL)... 164 23,000 20 760 230 2,000
Fecal Streptococci

(colonies/100mL). .. 9 990 18 170 72 310
Calcium, dissolved

(€792 7 2 69 68 16 40 40 9.1
Magnesium, dis-

solved (mg/L)...... 27 22 4.9 15 14 3.8
Sodium, dissolved

(mg/L)eeeeeennnnn.. 61 16 2.2 6.6 6.0 2.8
Potassium, dis-

solved (mg/L)...... 60 6.0 1.0 2.8 2.1 1.3
Alkalinity, total

[€..7-72 % I 109 320 88 150 150 29
Sulfate, dissolved

(mg/L)...ooovvvnnnn 46 30 6.0 13 12 4.5
Chloride, dissolved

(mg/L)..oovvvennnnn 109 27 .7 5.5 4.9 3.2
Solids, dissolved

[€.7-72 7 N 2 180 174 182 182 11

Solids, suspended

(mg/L)....... [P 163 46 <1 10 8 8
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 68 .61 .01 .20 .16 .15
Ammonia as nitrogen,

dissolved (mg/L)... 165 .99 .03 .15 .10 .14
Phosphorus, total

(mg/L).veeiniinann. 163 .90 .00 .11 .09 .09
Arsenic, total

[€77-72 % FP 61 5 1 4 5 1.4
Cadmium, total

(ug/L)...... heeas 100 30 <1 5 5 3
Chromium, total

(€77-72 % 2 9 10 1 4 2 3.8
Lead, total (ug/L)... 86 25 <1 6 5 4
Manganese, total

(€77-72 % 84 610 10 100 80 97
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at site 3B, Mississippi River at Clearwater, Minnesota, 1967-82

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 Winter
Tons Tons Tons Tons Tons

Median per day Median per day Median per day Median per day Median per day

6,050 -- 9,500 -- 4,570 -- 4,720 -- 4,130 --
302 -- 268 -~ 290 -- 281 -- 338 --
7.9 -- 7.9 -~ 8.0 -- 8.1 -- 7.8 --
3.0 -- 18.0 - 22.0 -- 7.0 - .0 -

11.6 -- 8.6 - 7.9 -- 10.9 -- 11.3 --
140 - 230 -~ 490 -- 320 -- 220 --
76 -- - -~ 120 -- 54 - 38 -
44 719 32 821 37 456 40 3.7 48 535
14 229 13 333 13 160 15 1.4 19 212
7.1 116 4.0 103 5.3 65.4 6.0 .56 8.0 89.2
2.7 64.1 2.0 51.3 1.8 22.2 2.0 .19 3.0 33.4
159 2,600 131 3,360 144 1,780 148 14 170 1,900
16 229 9.9 254 9.7 120 12 1.1 15 167
5.0 81.7 4.8 118 .43 5.30 6.7 .44 5.0 55.8
-- -- -- -- 182 2,240 -- -- -- --
7 114 15 385 1 138 <1 - 4 44.6
.34 5.55 .04 1.03 .12 1.48 .12 .01 .40 4.46
.13 2.12 .10 2.56 .10 1.23 .10 .01 .10 1.12
.09 1.47 .09 2.31 .11 1.36 .08 .01 .08 .67
5 08 5 .13 5 .06 5 .00 5 06

6 .10 5 .13 ] .07 5 00 5 06
- - 1 .02 3 .04 1 .00 - --
5 .08 5 .13 5 .08 5 .00 5 .06
89 14.5 120 3.08 97 1.20 51 .00 48 .54
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Table 17.--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)...... 69 39,700 830 6,920 4,790 7,100
Specific

conductance

(€774 ) JP 69 480 200 321 328 54
pH (units)........... 69 8.7 6.9 8.0 8.1 0.3
T erature

(Celsjius)......... 69 26.5 0.0 12.0 12.0 8.5
Oxygen, dissolved

(€775 5 S 69 15.0 6.7 9.9 10.0 2.0
Fecal coliform

(colonies/100mL). .. 68 5,400 20 210 54 660
Fecal Streptococci

(colonies/100mL). .. 1 -- -- -- -- --
Calcium, dissolved

(mg/L)...... e 24 56 33 43 41 6.7
Magnesium, dis-

solved (mg/L)...... 24 19 11 14 14 2.3
Sodium, dissolved

(mg/L)........ovt 15 14 5.6 9.1 8.6 2.5
Potassium, dis-

solved (mg/L)...... 15 6.7 1.6 2.5 2.2 1.2
Alkalinity, total .

(mg/L)......covnvve 24 200 120 154 150 20
Sulfate, dissolved

(mg/L)..oovvvnnnn.. 16 26 12 21 22 4.2
Chloride, dissolved

[€..7-72 % I 15 15 4.7 8.5 8.0 2.5
Solids, dissolved

(mg/L)......covn... 0 -- -- -- -- --
Solids, suspended

(mg/L)...... e 69 36 <1 10 10 7
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 68 1.7 .01 .26 18 25
Ammonia as nitrogen,

dissolved (mg/L)... 69 .75 .02 .16 .11 .13
Phosphorus, total

(mg/L)ecvvevnannn. 69 .20 .00 .09 .08 .04
Arsenic, total

(47772 % I 9 4 1 2 1 9
Cadmium, total

(47377 % 9 5 <1 3 5 2.6
Chromium, total

[€77-72 % I 4 1 1 1 1 0
Lead, total (ug/L)... 9 25 1 6 5 7.6
Manganese, total

[€70-72 7 J 5 220 90 150 160 54
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at site 3C, Mississippi River at Monticello, Minmesota, 1976-62

fall, October-November; winter, December-February; ft.sls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data]

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

4,690 -- 9,760 - 4,910 -- 5,420 -- 3,760 --
342 -- 278 -- 319 -- 305 -- 355 --
7.9 -- 8.1 -- 8.3 -- 8.1 -- 7.8 --
5.0 -- 18.5 -- 22.0 -- 8.0 -- .5 --
11.7 -- 8.4 - 7.8 -- 10.3 -- 11.9 --
35 -- 53 -~ 170 -- 65 -- 45 --
47 595 39 1,030 39 517 43 629 52 528
14 177 12 316 13 172 15 220 18 183
8.9 113 7.1 187 7.7 102 10 146 13 132
2.3 29.1 2.0 52.7 1.8 23.9 2.2 32.2 2.8 28.4
155 1,960 135 3,560 144 1,910 152 2,220 185 1,880
24 304 22 580 19 252 22 322 25 254
6.7 84.8 7.8 206 7.7 102 8.6 126 9.6 97.4

6 76.0 15 395 13 172 7 102 3 30.4
.41 5.19 .06 1.58 .12 1.59 .14 2.05 .42 4.26
.14 1.77 .10 2.64 .10 1.32 .10 1.46 .22 2.23
.08 1.01 .09 2.37 .12 1.59 .06 .88 .05 .51

1 01 1 03 3 .04 1 01 1 01

5 .06 <1 <.03 5 .07 <1 <.01 5 .05
-- -- 1 .03 -- -- 1 .01 -- --

5 .06 1 .03 15 .20 1 .01 5 .05
190 2.40 -- -- 190 2.52 110 1.61 90 .91

45



Table 18.--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- Ztandard
or property urements Maximum Minimum Mean Median deviation
Streamflow, mean

daily (ft /s)...... 30 1,480 - 85 272 134 329
Specific

conductance

(uS/em)...ovevnnnn 30 390 170 295 292 53
pH (units)........... 30 8.4 7.4 7.9 7.8 0.2
Temgaratura

( Celsius)......... 6 18.5 0.0 7.0 1.0 8.5
Oxygen, dissolved

(mg/L).......ooont 30 13.8 3.0 8.4 8.2 2.4
Fecal coliform

(colonies/100mL). .. 30 490 20 64 24 94
Fecal Streptococci

(colonies/100mL). .. 6 150 9 74 22 70
Calcium, dissolved

(mg/L).o.ovevinnnn. 29 56 17 43 44 8.7
Magnesium, dis-

solved (mg/L)...... 9 17 6.6 14 15 3.1
Sodium, dissolved

(mg/L)........oo0tt 30 9.7 2.9 5.0 4.6 1.6
Potassium, dis-

solved (mg/L)...... 30 5.1 1.0 2.0 1.6 1.0
Alkalinity, total

(mg/L)............. 30 190 66 153 153 25
Sulfate, dissolved

(mg/L).eoveennnnn. 30 21 9.3 14 14 2.8
Chloride, dissolved

(mg/L)..oovvvinnnn. 30 13 3.8 6.8 5.5 2.8
Solids, dissolved

(mg/LY..ooveennnnn. 2 183 135 159 159 34
Solids, suspended

(mg/L)............. 30 75 <1 13 7 16
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 0 -- -- -- -- --
Ammonia as nitrogen,

dissolved (mg/L)... 30 .71 .10 .16 .11 .13
Phosphorus, total

(mg/L)....oovvvnnn 30 .20 .03 .09 .08 .05
Arsenic, total

(47792 7 16 10 1 5 5 2.0
Cadmium, total

(477747 I 30 10 5 5 5 .9
Chromium, total

(477-77 P I 1 2 2 2 2 --
Lead, total (ug/L)... 30 35 5 7 5 5.9
Manganese, total

(€77-72 % 30 300 10 120 120 85
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at site 3D, Elk River near Big Lake, Minmesota, 1974-76

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 Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

236 - 344 - 122 - 122 -~ 126 -
260 - 280 -- 275 -- 305 -- 355 --
7.9 - 8.0 -- 8.1 -- 8.0 -- 7.8 --
3.5 -- 17.0 -- -- - -- -- 0.0 --
10.7 - 7.8 -- 8.0 - 10.6 -- 5.4 -~
23 - ) -~ 65 - 45 -- 22 --
84 -- -- -- 150 -- 110 -- 9 --
41 26.1 45 61.8 44 14.5 46 15.2 48 16.3
10 6.37 14 13.0 -- -- 15 4.9 17 5.78
5.0 3.19 4.0 3.72 6.1 1.35 4.7 1.55 5.2 1.77
1.8 1.15 1.4 1.30 1.3 .43 1.6 .53 1.7 .58
148 9.3 145 135 145 47.8 157 51.7 172 58.5
13 8.28 13 12.1 13 4.28 16 5.27 15 5.10
5.9 3.76 5.9 5.48 5.3 1.75 4.7 1.55 5.5 1.87
-- -- - -- 159 52.4 -- - -- -~
3 1.91 16 14.9 16 5.27 2 .66 4 1.36
.12 .08 .10 .09 .16 .05 .12 .04 .12 .04
11 .07 .12 11 12 .04 .05 .02 .04 .01
4 00 8 01 5 .00 3 .00 4 00

5 00 5 00 6 .00 5 00 5 .00
- - -- -- 2 .00 -- -- - -
6 00 5 00 6 .00 5 00 7 .00
140 .09 100 .09 180 .06 30 .01 120 .04
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Table 19.--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)...... 26 845 110 317 233 209
Specific

conductance

(uS/em) .. oveeviinn. 26 580 220 303 285 70
pH (units)..... e 25 8.7 7.1 7.9 7.9 0.4
Temperature

( Celsjius)......... 0 -- -- -- -- --
Oxygen, dissolved

(mg/L).c.vvnnenenn. 25 13.3 5.4 9.7 8.9 2.0
Fecal coliform

(colonies/100mL)... 26 340 20 46 22 70
Fecal Streptococci

(colonies/100mL)... 1 - b -- -- e
Calcium, dissolved

(mg/L).....covvvnn. 24 72 22 46 44 12
Magnesium, dis-

solved (mg/L)...... 2 19 2.4 11 11 12
Sodium, dissolved

[€..7-72 5 I 24 9.4 3.0 5.7 5.2 1.8
Potassium, dis-

solved (mg/L)...... 22 6.0 1.0 2.6 2.2 1.6
Alkalinity, total

(mg/L)........ e 25 200 97 153 159 23
Sulfate, dissolved

(€792 7 I 7 24 9.5 15 13 5.3
Chloride, dissolved

(mg/L)...ccovvnnnn. 26 16 3.7 6.5 6.0 2.4
Solids, dissolved

(mg/L)....oovvvnnnn 0 -- -- -- -- --

Solids, suspended

(mg/L)..ovnvvennn.. 26 32 2 13 13 10
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 0 == -- -- -- --
Ammonia as nitrogen,

dissolved (mg/L)... 26 .36 .10 .13 .10 .07
Phosphorus, total

[€::7-72 5 I 26 .30 .06 .14 .14 .07
Arsenic, total

(ug/L). . oot ceees 26 5 5 5 5 0.0
Cadmium, total

(47772 I 25 5 5 5 5 0.0
Chromium, total

(€77:72 % 1P 2 10 8 9 9 1.2
Lead, total (ug/L)... 17 21 5 10 9 3.7
Manganese, total

(47772 5 J 23 440 16 160 140 100
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at site 3E, Elk River near Elk River, Minnesota, 1971-73

fall, October-November; winter, December-February; £t3/s, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

591 -- 368 -- 208 -- 252 -- 163 --
390 -- 275 -- 290 -- 275 - 325 -
7.9 -- 8.0 -- 7.9 -- 7.8 - 7.8 --
11.6 -- 9.0 -- 8.5 -- 1.7 -- 8.8 --
40 -- 20 - 24 -- 23 -- 35 -
- - - - 9 - - - - -
58 92.6 44 43.7 44 24.7 45 30.6 60 26.4
-- -- -- - 11 6.18 -- -- -- --
8.0 12.8 4.5 4.47 4.2 2.36 5.5 3.74 7.4 3.26
5.0 7.98 3.0 2.98 1.8 1.01 2.2 1.50 1.0 .44
120 191 157 156 150 84.2 155 105 180 79.2
-- -- -- -- 12 6.74 17 11.6 24 10.6
5.8 9.26 6.2 6.16 4.9 2.75 7.1 4.83 7.0 3.08
3 4.79 14 13.9 22 12.4 4 2.72 2 .88
.23 .37 .12 .12 .10 .06 .10 .07 .15 .07
.16 .26 .08 .08 .18 .10 .08 .05 .08 .04
5 01 5 00 5 .00 5 00 5 00

5 01 5 .00 5 .00 5 00 5 .00
-- - -- -- 9 .00 -- -- - --
10 .02 10 .01 9 .00 ] .01 9 .00
72 .11 160 .16 180 11 85 .06 130 .06
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Table 20.--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)...... 65 29,000 975 5,480 3,840 5,350
Specific

conductance

(uS/em)............ 0 -- -- -- -- --
pH (units)........... 42 8.6 6.6 7.7 7.7 0.4
Temperature

( Celsius)......... 0 -- -- -- - --
Oxygen, dissolved

(mg/L)............. 43 15.0 5.0 8.8 8.1 2.2
Fecal coliform

(colonies/100mL)... 13 4,900 200 1,500 1,100 1,300
Fecal Streptococci

(colonies/100mL)... 0 -- -- - -- --
Calcium, dissolved

(mg/Ly~ ... 0 -- -- -- -- --
Magnesium, dis-

solved (mg/L)...... 0 -- - -- -- --
Sodium, dissolved

(mg/L).........ovt 0 -- -- - -- --
Potassium, dis-

solved (mg/L)...... 0 - -~ -- - -
Alkalinity, total

(mg/LY).....oovvunn. 0 -- -- -- -- --
Sulfate, dissolved

(mg/LY............. \] -- -- -- b --
Chloride, dissolved

(mg/L)....ooovnvnn. 26 18 .5 4.2 3.4 4.0
Solids, dissolved

(mg/LY............. 0 -- -- -- -- --
Solids, suspended

(mg/L)......oovvvn 25 52 3 18 16 11
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 0 -- -- -- -- --
Ammonia as nitrogen,

dissolved (mg/L)... 25 .30 .10 .12 .10 .05
Phosphorus, total

(mg/L)........ovt 27 1.5 .04 .21 .16 .27
Arsenic, total

(€77-72 5 NN 0 -- -- - - -
Cadmium, total

[€77-74% I 0 -- -- -- -- --
Chromium, total

[(€77-72 5 N 0 -- -- -- -- -
Lead, total (ug/L)... 0 -- -- -- -- --
Manganese, total

(€77-7) % J 0 -- -- -- -- --
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Flgure 13.--Medlan concentrations of selected constituents and of selected propertles
at sites 3A, 3B, and 3C In subbasin 3, 1977-82.
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constituents and in properties at sites 3A, 3B, 3C, and 3F in subbasin 3.



Specific conductance varies little until winter, when it reaches a median
of 340 uS/cm because of the higher proportion of ground water in streamflow
during the winter. The influence of ground water also is shown by the steady
increase in calcium concentration as streamflow decreases. Rocks composed of
calcium carbonate are common, and ground water, therefore, generally contains
higher concentrations of calcium compared to overland runoff. Chloride in
ground water, on the other hand, does not increase substantially compared to
runoff.

Total-phosphorus concentrations show only slight variations throughout
the year. Even during spring runoff, there is not a substantial increase in
phosphorus concentration. The land-use factors controlling suspended solids
indirectly control phosphorus concentrations, because phosphorus easily adsorbs
to suspended solids.

Dissolved-oxygen concentrations vary inversely with temperature. Lowest
median concentrations of dissolved oxygen (7.7 mg/L) occur in summer and are
high enough to support a variety of aquatic life. A minimum observed concen-
tration of 4.8 mg/L of dissolved oxygen in the Mississippi River occurred
July 28, 1976, at site 3A.

Fecal-coliform concentrations tend to be higher in summer. Of the indi-
vidual counts greater than 1,000 colonies/100 mL, approximately half occurred
in summer. A maximum of 23,000 colonies/100 mL of water occurred at site 3B
on September 14, 1971. Records from NOAA (September 1971) show no reported
rain for 4 days prior to the sampling, which suggest sources for fecal coliform
other than overland runoff.

Ammonia-nitrogen concentrations increase slightly in winter, persist into
early spring, and then decrease and remain fairly constant throughout the open-
water period.

Regressions shown for the Mississippi River in table 21 were derived by
combining data from all the Mississippi River sites. Specific conductance can
be used for estimating streamflow and concentrations of the constituents shown
for the Mississippi River within subbasin 3. Regressions for potassium and
chloride give the poorest estimates but can be used with caution.

Regressions shown for the Elk River in table 21 were derived from the
combined data for sites 3D and 3E. Correlation coefficients for potassium
and chloride are not significant at the 95-percent-confidence level, and the
corresponding regression equations are not usable. The correlation coefficient
for sodium is relatively low, but this regression can be used with caution.

Trends from 1953-82 are shown in table 22 for the four Mississippi River
sites. Even though some trends are shown, none except the ones for sodium,
chloride, and specific conductance are considered to be significant. Sodium
chloride, widely used as a road deicer in winter, may have increased the con-
centrations of these ions, which, in turn, have increased the specific conduct-
ance. Decreasing trends for trace elements probably indicate refinement in
analytical methods.
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Table 21.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to

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

*, not significant at the 95-percent confidence level]

specific conductance in subbasin 3

Correlation Standard
Constituent Number of coefficient Significance error of
or property observations Regression equation (r) of r estimate
Results for Mississippi River
Stregmflow (Q), 7 -2.3
fto/s..... - 231 Q = 264x10 (SpC) "~ ~0.59 <0.001 74 percent
Calcium (Ca),
mg/L.......... 92 Ca = 0.09(SpC) + 14 .75 <.001 5.8 mg/L
Magnesium (Mg),
mg/L.......... 50 Mg = 0.04(SpC) + 0.2 .72 <.,001 2.3 mg/L
Sodium (Na),
mg/L.......... 75 Na = 0.02(SpC) - 0.4 .67 <,001 2.2 mg/L
Potassium (K),
mg/L.......... 74 K = 0.01(SpC) + 0.7 .38 <.001 1.2 mg/L
Alkalinity as
CaCO, (Alk),
mg/L.......... 132 Alk = 0.23(SpC) + 80 .69 <.001 17 mg/L
Sulfate (SOA),
mg/L.......... 61 SO4 = 0.05(SpC) -~ 1.0 .68 <.001 4.4 mg/L
Chloride (Cl),
mg/L.......... 123 Cl = 0.02(SpC) + 0.2 .42 <,001 3.0 mg/L
Results for Elk River
Stregmflow (Q), 5 -2.0
ft /s......... 56 Q = 171x107(SpC) -.55 <0.001 62 percent
Calcium (Ca),
mg/L.......... 53 Ca - 0.09(SpC) + 18 .53 <,001 8.8 mg/L
Magnesium (Mg),
mg/L.......... 11 Mg - 0.06(SpC) - 6.3 .77 .005 3.3 mg/L
Sodium (Na),
mg/L.......... 54 Na - 0.01(SpC) + 2.2 .38 .005 1.6 mg/L
Potassium (X), "
mg/L.......... 52 K = 0.002(SpC) + 1.6 .10 . 496 1.3 mg/L
Alkalinity as
CaCO, (Alk),
mg/L.......... 55 Alk = 0.21(SpC) + 91 .54 <.001 20 mg/L
Sulfate (SO‘),
mg/L.......... 37 SO4 = 0.03(SpC) + 6.6 .40 .015 3.1 mg/L
Chloride (Cl),
mg/L.......... 56 Cl = -0.002(SpC) + 7.3 -.05 * 727 2.6 mg/L
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Table 22.--Tremnds for selected comstituents and properties
at Mississippi River sites 3A, 3B, 3C,
and 3F in subbasin 3

[+, increasing trend; -, decreasing trend; --, decreasing
trend with absolute value of correlation coefficient
greater than 0.75; 0, no apparent trend]

Constituent Number of Trend for
or property observations period of record

Streamflow................ 460 0
Specific conductance...... 323 +
PH. .. 434 +
Temperature............... 207 0
Dissolved oxygen.......... 432 0
Fecal coliform............ 349 -
Fecal Streptococci........ 18 0
Calcium................... 143 0
Magnesium................. 75 -
Sodium.................... 118 +
Potassium................. 117 0
Alkalinity................ 199 0
Sulfate................... 104 +
Chloride.................. 228 +
Suspended solids.......... 389 -
Nitrite plus nitrate as

nitrogen................ 192 0
Ammonia as nitrogen....... 374 0
Total phosphorus.......... 377 -
Arsenic................... 101 --
Cadmium................... 163 -
Chromium.................. 19 --
Lead.........ccoiiiviinn, 147 -
Manganese................. 130 +
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The principal streams in subbasin 4 are the North Fork Crow River, which
flows southeasterly for about 175 miles to its junction with the South Fork
Crow River at the southeast edge of the subbasin, and the main stem of the
Crow River, which continues northeasterly about 24 miles to join the Mississip-
pi River at Dayton. The South Fork is in subbasin 5. The slope of the North
Fork channel averages 2.9 ft/mi in the upper 100 miles and 1.6 ft/mi in the
lower 75 miles. Slope of the main stem is about 2.1 ft/mi. The Middle Fork
Crow River, which is the main tributary 05 the North Fork, has a total length
of 30 miles and a drainage area of 280 mi“.

The U.S. Geological Survey operates continuous-record gaging stations on
the Middle Fork Crow River near Spicer (Number 05278000) and on the Crow River
at Rockford (site 4A, Number 05280000). A high-flow partial-record station,
North Fork Crow River at Paynesville (Number 05276200) also is operated.

Middle Fork Crow River near Spicer hag had an average flow of 55.5 ft3/s
and a median of yearly mean flows of 42 ft”/s_for 34 years of record. During
the sampling period, a maximum flow of 408 ft3/s occurred June 29, 1953; no
flow has occurred several times in winter and early spring when the stream
literally has been frozen to_its bed (U.S. Geological Survey, 1983, p. 66).

A new maximum flow of 509 ft~”/s occurred June 22, 1983, after the sampling
period. During the 1976-77 drought, a minimum of 0.16 ft”/s occurred April 6,
1977 (U.S. Geological Survey, 1978, p. 51).

Flow of the Crow River at Rockford, site 4A, has averaged 664 ft3/s and
the median of yearly mean f%ows has been 514 ft3/s for 58 years of record.
A maxi?um flow of 22,400 ft”/s occurred April 16, 1965; a minimum flow of
1.8 ft”/s occurred November 15, 1936 (U.S. Geological Surgey, 1984, p. 65).
During the 1976-77 drought, a minimum daily flow of 18 ft”/s occurred Sep-
tember 12 and 13, 1976 (U.S. Geological Survey, 1977, p. 266).

North Fork Crow River at Paynesville has a peak-flow_record beginning in
1973. The maximum flow thus far (1985) has been 2,300 ft3/s on June 21, 1983
(U.S. Geological Survey, 1984, p. 262) and June 12, 1984 (U.S. Geological
Survey, 1985, p. 252).

Water-Quality Characteristics

Two primary sampling sites, 4A and 4B, and three secondary sites are used
to describe the quality of water in subbasin 4. Site locations and land-use
descriptions are shown in figure 15. Data for site 4A are from a MWCC and
U.S. Geological Survey cooperative monitoring program. Data for site 4B were
collected by MPCA (tables 24 and 25).

Concentrations of dissolved nitrite plus nitrate nitrogen and of total
arsenic, cadmium, chromium, and lead, are within the primary drinking-water
standards except for one analysis of cadmium, which determined a concentration
of 20 ug/L at site 4B on October 14, 1969.
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Table 24.--Sumziary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
u#S/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)...... 76 4,710 22 616 246 803
Specific

conductance

(€75 72+ I 72 1,100 280 652 645 142
pH (units)........... 61 8.7 7.0 7.9 8.0 0.4
Tamgerature

( Celsius)......... 69 27.5 0.0 10.0 9.0 9.5
Oxygen, dissolved

(€772 % J 49 13.9 3.5 8.7 8.5 2.7
Fecal coliform

(colonies/100mL). .. 34 5,000 <1 340 120 860
Fecal Streptococci

(colonies/100mL)... 26 2,200 <1 260 62 540
Calcium, dissolved

(€735 7 I 61 110 25 72 71 14
Magnesium, dis-

solved (mg/L)...... 61 44 11 32 32 6.1
Sodium, dissolved

(mg/L).ceeeevinnnn. 61 53 5.2 20 19 10
Potassium, dis-

solved (mg/L)...... 61 11 3.8 5.7 5.3 1.2
Alkalinity, total

(mg/L)e.iviverinnn.. 56 442 144 265 261 54
Sulfate, dissolved

(€772 % I 61 73 3.0 24 21 12
Chloride, dissolved

(€772 5 [ 61 110 23 57 55 15
Solids, dissolved

(€772 75 1 0 -- -- -- -- -~
Solids, suspended

(6.7 70 49 391 <1 41 27 60
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 37 3.8 .01 .89 .48 1.1
Ammonia as nitrogen,

dissolved (mg/L)... 45 1.4 .01 .31 .12 .34
Phosphorus, total

(mg/L)...... N 4 .38 .08 .24 .22 .13
Phosphorus, dis-

solved (mg/L)..... . 52 .38 .03 .20 .20 .09
Arsenic, total

(€777 7 N 4 6 4 5 5 1
Cadmium, total

[€77:77 % I 6 20 <1 13 15 10
Chromium, total

(€777 % AN 4 20 <1 5 3 10
Lead, total (ug/L)... 2 50 2 26 26 34
Manganese, total

[€77-32 7 I 13 750 <1 240 150 230
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at site 4A, Crow River at Rockford, Minnesota, 1952-76

fall, October-November; winter, December-February; ftsls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

855 - 1,120 -- 238 -- 112 - 120 --
593 -- 567 -- 630 -- 686 -- 708 --
7.8 - 8.0 -- 8.2 -- 8.2 - 7.6 --
2.5 -- 19.5 -- 22.0 - 5.0 -- 0.0 -
8.2 -- 8.7 -- 8.1 - 10.7 -- 5.8 --
140 -- 140 -- 180 -- 90 -- 40 --
54 -- 34 - 160 -- 62 -- 6 --
64 165 63 190 67 43.0 76 23.0 84 27.2
25 64.5 30 0.7 32 20.6 33 9.98 38 12.3
13 33.5 12 6.3 22 14.1 21 6.35 22 7.13
5.8 15.0 4.8 4.5 5.1 3.28 5.2 1.57 6.0 1.84
202 521 239 723 261 168 269 81.3 306 99.1
50 129 68 206 50 32.1 51 15.4 58 18.8
19 48.0 17 1.4 22 14.1 18 5.44 24 7.78
24 61.9 77 233 67 43.0 20 6.05 4 1.30
2.4 6.19 1.0 .02 .08 .05 .14 .04 .60 .18
.65 1.68 .04 .12 .06 .04 .11 .03 .58 .18
.28 .72 .31 .94 .08 .05 -- -- -- --
.28 .72 .10 .30 .15 .10 .22 .07 .23 .07
-- -- -- -- 6 .00 4 .00 -- --
-- -~ <1 .00 20 .01 15 .00 -- --
-- -- -- -- 10 .01 <1 .00 -- --
-- -- -- -- -- -- 26 .01 -- --
350 S0 125 .38 90 .06 150 .04 - -
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Table 25.--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)...... 200 15,300 26 838 328 1,490
Specific

conductance

(uS/em) .. oovvvn... 130 1,200 210 572 570 153
pH (units)........... 185 8.7 6.8 7.9 8.0 0.4
Temgerature

( Celsius)......... 45 24.5 0.0 11.0 11.0 8.5
Oxygen, dissolved

(mg/L)........ e 200 17.7 4.2 g.8 9.7 2.3
Fecal coliform

(colonies/100mL). .. 146 13,000 20 600 200 1,600
Fecal Streptococci

(colonies/100mL). .. 8 770 <] 150 76 250
Calcium, dissolved

(mg/L)...coovvnnnnn 60 112 27 68 68 16
Magnesium, dis-

solved (mg/L)...... 19 54 18 33 32 6.9
Sodium, dissolved

(mg/Ly............. 61 150 5.0 22 16 22
Potassium, dis-

solved (mg/L)...... 59 18 1.0 5.8 5.2 2.5
Alkalinity, total

(mg/L)............ 113 360 120 257 252 51
Sulfate, dissolved

(mg/L).....covnvnn 44 130 11 56 49 24
Chloride, dissolved

(mg/L)....ooovnnnn. 149 400 1.5 24 18 36
Solids, dissolved

(mg/L).....ovvuunns 2 410 3789 394 394 22
Solids, suspended

(mg/L)......covnnn 171 110 <1 32 31 25
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 38 8.1 .01 1.5 .91 1.8
Ammonia as nitrogen,

dissolved (mg/L)... 161 1.7 .08 .26 .10 .29
Phosphorus, total

(mg/L)..oovvvnnnnn. 154 1.1 07 .29 .28 14
Arsenic, total

(€77-72 % F 59 15 <1 7 5 3.2
Cadmium, total

[477.74. 7 I 123 20 5 5 5 1.4
Chromium, total

(477747 J 7 5 1 3 4 1.9
Lead, total (ug/L)... 84 30 4 6 5 3.9
Manganese, total

(€77-72 % P 83

1,100 10 170 160 140
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at site 4B, Crow River at Dayton, Mimmesota, 1953-79

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

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

Early spring Late spring Summex Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

844 -- 1,090 - 330 -- 156 -- 114 -
508 -- 550 == 550 -- 830 -- 885 -
7.9 -- 8.1 -- 8.0 -- 8.1 - 7.8 --
2.0 -- 20.0 -- 21.0 -- 2.0 == 0.0 --
11.1 - 8.2 -- 8.3 -- 11.3 -- 10.0 -
170 -- 200 -- 170 -- 200 -- 330 -
81 - -- -- 140 -- 53 -- <] --
61 139 73 215 81 54.4 73 30.7 77 23.7
27 61.5 32 94.2 34 30.3 33 13.9 35 10.8
12 27.3 10 28.4 18 14.2 18 7.58 20 8.16
5.9 13.4 5.4 15.9 5.2 4.83 5.0 2.11 5.0 1.54
218 492 238 894 242 218 288 121 302 93.0
52 118 70 208 49 43.6 56 23.8 44 13.5
18 36.5 18 53.0 17 15.1 22 9.27 21 6.46
-- -- -- - 394 351 -- - -- -
25 57.0 42 124 48 41.0 14 5.80 4 1.23
2.0 4.58 1.1 3.24 .15 .13 .84 .35 .91 .28
.39 .89 .10 .29 .10 .09 .10 .04 .54 .17
.28 .84 .28 .82 .30 .27 .21 .09 .25 .08
5 .01 8 .02 9 .01 5 .00 8 .00
5 .01 5 .01 5 .00 5 .00 5 .00
-- -- - -- 5 .00 - -- - -
8 .01 5 .01 5 .00 5 .00 5 .00
180 .38 130 .38 200 .18 82 .03 120 .04
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Most of the concentrations at site 4A tend to be higher than at site 4B.
Site 4B is only 0.2 mile above the mouth; slow velocities and backwater from
the Mississippi River probably decrease the concentrations by dilution, set-
tling, and uptake of various nutrients by algae.

Nitrite plus nitrate nitrogen concentrations are higher in subbasin 4 than
in subbasins 1, 2, and 3; higher concentrations may occur naturally because of
runoff from the fertile Prairie soils. However, there undoubtedly is a large
amount of commercial fertilizer used in subbasin 4, that may contribute addi-
tional nitrogen. The lowest median nitrite plus nitrate nitrogen concentra-
tions at both primary sites occur during the summer growing season.

A sample collected at site 4B on September 11, 1970, was unusual; it con-
trained the maximum concentrations determined for specific conductance, magne-
sium, sodium, and chloride in any sample collected. The source of these high
concentrations may be the South Fork Crow River. Evidence of high concentra-
tions of various constituents in the South Fork is presented in the discussion
of subbasin 5.

Figure 16 shows median seasonal variations for sites 4A and 4B. Seasonal
responses for many of the constituents differ between the two sites. For ex-
ample, specific conductance and concentrations of calcium and chloride de-
crease with increased streamflow in late spring at site 4A but increase at
site 4B. The decrease at site 4A is attributed to dilution from spring runoff.
Backwater effects from the Mississippi River may cause seasonal responses at
site 4B to be different from those at 4A. Samples at site 4B probably repre-
sent a mixture of water from the Mississippi and Crow Rivers during periods of
medium and low flow; this would tend to lower concentrations (fig. 16). At
high flow, the water in the Crow River would be dominant and increase concen-
trations of dissolved constituents. This is shown in the graph of specific
conductance (fig. 16), where the plots of late spring values for sites 4A and
4B approach one another.

Seasonal ammonia-nitrogen concentrations are similar at sites 4A and 4B,
with the highest concentrations occurring in winter and early spring. Peak
median concentrations of ammonia nitrogen are higher in subbasin 4 than in
subbasin 1, 2, and 3.

Total-phosphorus concentrations at site 4A, which were determined only
during the first three seasons of the year, vary in a manner similar to con-
centrations of suspended solids. At site 4B, phosphorus concentrations gener-
ally follow the suspended-solids pattern throughout the year. The increase of
suspended-solids and total-phosphorus concentrations in summer at site 4B may
be caused by algae. The relatively slack water near the mouth of the Crow
River at site 4B probably allows algal growth.
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Median dissolved-oxygen concentrations are adequate throughout the year
for maintenance of healthy fish populations. Generally, concentrations de-
crease in winter during ice cover when reaeration is minimized. A minimum
concentration of 3.5 mg/L at site 4A was observed on February 11, 1975. The
median concentration of dissolved oxygen in winter is approximately 4 mg/L
lower at site 4A than at 4B. The difference in medians is based on 13 obser-
vations at site 4A and 44 at site 4B. Comparison of winter dissolved-oxygen
concentrations based on the 13 concurrent observations shows means of 7.8 and
10.1 mg/L at 4A and 4B, respectively. Because of the relatively large stand-
ard deviation at site 4A, a t-test does not show its mean to be significantly
different from the mean at 4B.

Fecal-coliform counts for the two sites are relatively similar until fall
when counts begin to decrease at site 4A and increase at 4B. However, because
of the fewer observations at 4A and the imprecision inherent in the bacteria
determination, this is not considered to be significant.

Regressions in table 26 were derived from data at site 4A; backwater
effects prohibited the derivation of reliable regressions at site 4B. Cor-
relation coefficients for potassium and sulfate were not significant at the
95-percent-confidence level, and their regression equations are not usable.
The equations for streamflow and chloride can be used with caution.

There are no significant trends in subbasin 4 for the period 1952-79 ex-
cept for chloride (table 27). Both primary sites show a positive trend for
chloride, the major anion in road salt. In 1978, Hennepin and Wright Counties
were reported to rank first and third in Minnesota counties in use of road salt
(Minnesota Pollution Control Agency, 1978, p. 55). The Crow River is the bor-
der between the two counties.

Sodium, the main cation in road salt, is not as mobile as chloride because
it commonly enters into cation-exchange reactions in soil. Therefore, a posi-
tive trend for sodium is not as great as it is for chloride.

Analyses at three secondary sites show areal variations in water quality
(table 28). Each site was sampled in September 1971, which allows comparisons
of water quality between sites during similar flow conditions.

The data for the secondary sites indicate that the North Fork Crow River
near Georgeville, which is in the headwaters area of subbasin 4, has slightly
higher concentrations of calcium and bicarbonate than do the other two sec-
ondary sites. The quality of water in the Middle Fork is strongly influenced
by the lakes around Spicer, in that the lakes have lower dissolved solids and
concentrations of inorganic nitrogen. Generally speaking, the quality of
water from the upper to the lower parts of the subbasin is about the same,
with some local variation between.
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CALCIUM,
IN MILLIGRAMS PER LITER

SUSPENDED SOULIDS,
IN MILLIGRAMS PER LITER
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Table 26.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to
specific conductance at site 4A

[Sxﬁ, specific conductance in microsiemens per centimeter at 25° Celsius;
ft /s, cubic feet per second; mg/L, milligrams per liter; <, less than;
*, not significent at the 85-percent confidence level]

' Standard

Constituent Number of Correlation Significance error of
or property observations Regression equation coefficient of (r) estimate
Stregmtlow Q, e “3.4

Tt /s, 72 Q = 720x107(SpC) ~° -0.58 <0.001 130 percent
Calcium (Ca), .

mg/L........ . 81 Ca = ,07(SpC) + 27 .87 <,001 10 mg/L
Magnesium (Mg),

mg/L.......... 81 Mg = ,03(SpC) + 11 .89 <,001 4.5 mg/L
Sodium (Na),

mg/L.......... 81 Na = .05(SpC) - 12 .85 <.001 8.0 mg/L
Potassium (K), -

mg/L.......... 61 K= _001(SpC) + 5.1 .10 . 430 1.2 mg/L
Alkalinity as

c;coa (Alk),

mg/L......... . 58 Alk = ,30(SpC) + 72 .70 <.001 39 mg/L
Sulfate (SO,‘), -

mg/L....c..... 61 S0, = .01(SpC) + 50 .08 .518 15 mg/L
Chloride (Cl),

mg/L.......... 81 Cl = ,05(SpC) - 9.5 .58 <.001 10 mg/L
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Table 27.--Trends for selected comnstituents and properties at sites 4A and 4B

[+, increasing trend; -, decreasing trend; O, no apparent trend]
Site 4A Site 4B
Number of Trend for Number of Trend for

Constituent observa-  period of observa-  period of
or property tions record tions record
Streamflow................ 76 0 201 0
Specific conductance...... 72 0 130 0
PH. ... e 61 + 195 0
Temperature............... _ 52 0 45 0
Dissolved oxygen.......... 49 0 200 0
Fecal coliform............ 31 0 146 0
Fecal Streptococci........ 23 0 8 0
Calcium................... 61 0 60 0
Magnesium................. 61 0 19 0
Sodium.................... 61 + 61 0
Potassium..... e 61 0 59 0
Alkalinity................ 56 0 113 0
Sulfate........covvvuunnns 61 0 44 0
Chloride.................. 61 + 149 +
Suspended solids.......... 42 0 171 0
Nitrite plus nitrate as

nitrogen................ 37 - 38 +
Ammonia as nitrogen....... 45 0 161 +
Total phosphorus.......... 4 0 154 0
Arsenic.............. .. ... 4 0 59 0
Cadmium................... 4 0 123 0
Chromium.................. 1 0 7 -
Lead.........oiiiiiiinnnen 2 0 84 0
Manganese................. 11 0 83 +
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Table 28.--Streamflow and water quality at secondary sites in subbasin 4

[£e3/s, cubic feet per second; uS/cm, microsiemens per centimeter at 25° Celsius; °C, degrees Celsius;
mg/L, milligrams per liter; U.S. Geological Survey station number is in parenthesis])

North Fork Middle Fork North Fork
Crow River Crow River Crow River
near Georgeville near Spicer near Delano
(05275970) (05278000) (05278340)
Constituent May 12, September 20, November 13, November 2, September 20, September 21,
or propsrty 1871 19871 1872 1973 1971 1871
Streamflow (ttals)... 44 7.0 75 18 38 146
Specific conductance
(uS/em) . ovvevennnn. 538 544 594 © 568 361 505
pH (units)........... 7.8 8.0 7.7 8.2 8.3 8.1
Tamperature (°C).....  13.0 11.0 .0 3.5 11.0 13.0
Calcium, dissolved
(mg/L)..... cesesane 69 73 82 77 28 57
Magnesium, dissolved
(mg/L)........... .. 25 28 29 27 28 29
Sodium, dissolved
(mg/L)...... e 5.5 6.3 5.5 6.3 5.2 8.4
Potassium, dissolved
(€772 % AN 4.3 3.2 3.8 3.1 3.6 4.5
Alkalinity, total as
c.coa (mg/L)....... 263 288 294 285 175 237
Sulfate, dissolved
(€772 7 I 30 39 35 25 23 3
Chloride, dissolved
(mg/L)........ eees 5.1 4.9 7.3 6.3 4.6 7.9
Solids, dissolved
(mg/L)...... ceeaans 310 358 372 351 230 320
Nitrite plus nitrate
as nitrogen (mg/L). 0.10 0.54 .43 0.30 0.05 0.31
Phosphorus, total
(€772 7 I .10 .06 .06 .05 .04 .14
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Subbasin 5
Physical Characteristics

Subbasin 5 is an undulating, clayey till plain roughly 65 miles long and
20 miles wide; it includes an area of about 1,400 mi“. The fertile Prairie
soil is the principal natural resource in the subbasin. Nearly 80 percent of
the area is cultivated (table 29). The western part of the subbasin is covered

Table 29.--L§nd use in subbasin 5

. Percentage

Use Acres of total
Cultivated 582,360 79.86
Extractive 400 .04
Forested 20,880 2.58
Marsh 28,560 1.91
Pasture and open 187,240 9.85
Transportation 200 .02
Urban nonresidential 9,880 1.41

or mixed residential

development
Urban residential 17,080 .61
Water 57,200 3.71

by dark-colored, medium- to fine-textured calcareous soils. The rest of the
area consists of gray to brownish-gray soils derived from limey clayey till.

The South Fork Crow River drains the entire subbasin. The river begins
southeast of Willmar and flows eastward for about 104 miles to its junction
with the North Fork. Buffalo Creek, the major tributary, drains an area of
394 mi“ in the southern part of the watershed.
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Two continuous-record gaging stations operated during the sample-col-
lection period--Buffalo Creek near Glencoe (Number 05278930) and site 5A,
South Fork Crow River near Mayer (Number 05279000).

Records for Buffalo Creek were collected from Octobgr 1972 through
September 1980. Average flow at the station was 88.1 ft”/ A maximum
flow of_ 2,590 £e3 /s occurred on April 9, 1979, and minimum daily flows of
0.01 ft”/s occurred on August 28, 29, and September 8, 1976 (U.S. Geological
Survey, 1981, p. 66).

Site 5A was a continuous-record station from April 1934 through September
1979, it was converted to a partial-record high-flow statign in the 1980 water
year. Average flow at the station fog 45 years was 259 ft”/ e median of
the yearly mean streamflows is 185 ft”/ A maximum of 16 100 ft?/s occurred
on April 13, 1965. No flow has occurred during some years (U.S. Geological
Survey, 1980, p. 62).

Water-Quality Characteristics

One primary site and three secondary sites are used to describe water
quality in subbasin 5. Site locations and land use are shown in figure 17.
The period of record at site 5A is 1961-76, but only four samples were col-
lected through 1971 (table 30). Most samples for water-quality analyses were
collected from October 1972 to December 1976 as part of a cooperative monitor-
ing program between the U.S. Geological Survey and the Metropolitan Waste
Control Commission.

The last two samples, collected on November 16, and December 14, 1976,
set a new maximum for specific conductance and new maximum concentrations
for calcium, magnesium, sodium, potassium, alkalinity, chloride, sulfate,
and dissolved solids. There were, however, other times when concentrations
of these constituents were high. For example, potassium concentrations were
equal to or greater than 10 mg/L in 11 different samples. Generally, potassi-
um concentrations in ordinary surface and ground waters are less than 10 mg/L
(Hem, 1985, p. 105). The high values occurred in the summer, fall, and win-
ter.

Maximum counts of fecal coliform and fecal Streptococci bacteria occurred
on April 18, 1975, during the early stages of spring runoff. The mean daily
streamflows for the day before samgling, the day of sampling, and the day
after, were 600, 872, and 1,100 ft~/s, respectively (U.S. Geological Survey
1976, p. 137). The fecal coliform/fecal Streptococci ratio is 2.2, which
indicates the bacteria are from a mixed population (Millipore, 1973).

Median seasonal variations in concentration of selected constituents and
properties are shown in figure 18. The major part of spring runoff occurs in
early spring followed by a rapid decline in streamflow until summer. Stream-
flow then is sustained mainly by ground water for the rest of the year.

Concentrations of specific conductance, calcium, chloride, and dissolved

phosphorus at site 5A have a general upward trend throughout the year. Chlo-
ride, like potassium, does not appear to be coming from the drift. Chloride
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iable 30.--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 (ft7/s)...... 54 2,870 0.1 269 67 547
Specific

conductance

(uS/cm) ., oovvnnnnn. 54 4,110 327 1,060 928 566
pH (units)........... 54 8.9 7.2 8.0 8.1 0.4
T rature

( Celsius)......... 52 26.0 0.0 9.0 5.0 9.0
Oxygen, dissolved

(mg/L)............. 50 15.0 .6 8.0 8.0 3.5
Fecal coliform

(colonies/f100mL). .. 33 10,000 1 1,300 490 2,400
Fecal Streptococci

(colonies/100mL)... 26 4,500 <1 490 210 870
Calcium, dissolved

(mg/L)............. 54 170 38 95 92 24
Maghesium, dis-

solved (mg/L)...... 54 95 13 44 44 14
Sodium, dissolved

(mg/L)............. 54 590 4.2 67 40 20
Potassium, dis-

solved (mg/L)...... 54 170 4.9 12 8.1 22
Alkalinity, total

(mg/L)............. 52 671 93 306 290 101
Sulfate, dissolved

(mg/L).....ooovnn. 54 220 42 130 130 37
Chloride, dissolved

(mg/L)......ooovnt 54 950 9.0 96 60 140
Solids, dissolved

(mg/L).....covvenn. 54 2,330 243 692 634 319
Solids, suspended

(mg/L)............. 50 444 <1 51 29 71
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... k] 8.8 .01 1.7 .76 2.3
Ammonia as nitrogen,

dissolved (mg/L)... 49 4.9 .01 .74 .14 1.2
Phosphorus, total

(mg/L)...... Ceeeenn 1 -- -- -- -- --
Phosphorus, dis-

solved (mg/L)...... 50 2.1 .03 .62 .39 .57
Arsenic, total

[€77.72 7 JP U 1 -- -- -- -- --
Cadmium, total

[€77-72 75 JF 3 20 <1 7 5 12
Chromium, total

(€77-71 7 P 1 == -- -- -- --
Lead, total (ug/L)... 2 50 2 26 26 34
Manganese, total

(ug/lL)...... e 5 4,900 <1 1,200 360 2,100
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at site 5A, South Fork Crow River near Mayer, Minnesota, 1961-76

fall, October-November; winter, December-February; fbs/s, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no datal

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median pexr day

554 -- 315 -- 29 -- 28 - 10 --
750 -- 872 -- 925 -- 946 -- 1,300 --
7.8 -- 8.2 - 8.5 -- 8.2 - 7.5 --
4.0 -- 16.5 -- 20.0 ~- 2.5 -~ 0.0 -
9.8 -- 9.3 -- 7.4 -- 11.4 -- 4.0 --
800 -- 1,000 -- 360 -- 410 -- 1,200 --
240 -- 310 -- 150 -- 250 - 200 --
73 109 88 74.8 87 6.81 92 7.20 120 3.24
35 52.4 44 37.4 42 3.29 a4 3.44 53 1.43
18 26.9 20 17.0 50 3.92 66 5.17 96 2.59
6.0 8.97 5.2 4.42 8.0 .63 8.2 .64 9.8 .26
214 320 265 225 276 21.8 314 24.6 394 10.6
88 132 138 117 114 8.93 112 8.77 160 4.32
27 40.4 31 26.4 64 5.01 95 7.44 120 3.24
512 766 599 509 595 6.6 641 50.2 854 23.0
59 88.2 68 57.8 40 3.13 22 1.72 8 .22
3.5 5.24 3.0 2.55 .04 .00 .10 .01 .93 .02
.24 .36 .04 .03 .08 .01 .10 .01 1.7 .04
- - -- -- .37 03 -- -- -- --
.28 42 .17 14 .38 .03 32 .02 .73 02
-- -- -- -- -- -- 3 .00 -- --
-- -- <1 .00 -- -- 10 00 -- --
-- -- -- -- -- -- <1 .00 -- --
-- -- -- -- -- -- 26 .00 -- --
4,900 7.33 360 .31 <1 .00 280 .02 -- -~
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DISSOLVED CALCIUM,
IN MILLIGRAMS PER LITER

SUSPENDED SOLIDS,
IN MILLIGRAMS PER LITER
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concentrations in water from three drift wells at Watertown range from 2.3 to
4 mg/L (Minnesota Department of Health, 1983). One should not rule out the
possibility, however, that these wells might not be located in an area where
concentrations of chloride in ground water are high.

Probable causes of high chloride concentrations are point sources. Chlo-
ride concentrations are inversely related to streamflow (fig. 18). This rela-
tion suggests that chloride input to the stream is relatively high and that
concentrations vary seasonally because of a varying degree of dilution brought
about by seasonal variations in flow. If the source were strictly road salt
entering via storm sewers, a rising concentration curve during the summer and
fall would not be expected. More likely, there are one or more point sources
upstream of site 5A that contribute elevated concentrations of salts to the
river. '

Dissolved oxygen, fecal coliform, and ammonia nitrogen concentrations in
winter show evidence of point-source contamination; nonpoint-source contamina-
tion should be expected to be at a minimum during this time of year. The mean
fecal coliform to fecal Streptococci ratio for the six winter samples is 3.1,
which suggests that the origin of the bacteria is a mixed population with
predominantly human waste. The winter rise in ammonia concentration and the
decline in dissolved-oxygen concentration is further evidence, if considered
with the bacteria concentrations, of biodegradable wastes entering the river.

Regressions between various constituents or properties and specific
conductance shown in table 31 are from site 5A data. The regressions apply
to the reach of the South Fork Crow River from site 5A to the mouth.

Trends for the period of record are shown in table 32. As indicated
earlier, most of the samples were collected between 1972-76; therefore, the
effective period of record is short. The trends are not significant; they
reflect short-term changes that were affected by the 1976-77 drought.

Miscellaneous analyses in table 33 include results for samples collected
in September 1971. Dissolved-solids concentrations of September 1971 show
Buffalo Creek to have higher concentrations than the South Fork of the Crow
River. Dissolved-solids concentrations appear to increase downstream in
Buffalo Creek, although some constituents decreased in concentration down-
stream in September 1971. There is a large increase in sodium and chloride
concentrations between the two Buffalo Creek sampling sites. Elevated dis-
solved-solids concentrations can occur at Buffalo Creek near Plato, as evi-
denced by the September 1969 sample. These high concentrations most likely
result from a point-source discharge to Buffalo Creek.

An analysis of load data helps locate point sources of high concentra-
tions of some chemical constituents found at site 5A. An analysis of sodium,
potassium, and chloride data, for example, shows that the total load, in tons
per day, at Biscay and Plato to approximately equal that found at Mayer
(site 5A). The increase in load from Buffalo Lake to Plato suggests point-
source contamination and possibly more than one source. It also suggests that
the locations of the point sources are at or upstream of Biscay, near Plato.
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Table 31.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to

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

specific conductance at site 5A

Correlation Standard

Constituent Number of cosfficient Siginicencs error of
or property observations Regression equation (r) of r estimate
Streamflow (Q),

30, TRTOT 54 Q = 117x10*%spcy 33 0-0.65 <0.001 249 percent
Calcium (Ca),

mg/L.......... 54 Ca = 0.02(SpC) + 77 .41 .002 23 mg/L
Magnesium (Mg),

mg/L.......... 54 Mg = 0.02(SpC) + 23 .83 <,001 8.0 mg/L
Sodium (Na),

mg/L....... . 54 Na = 0.15(SpC) - 94 .86 <.001 25 mg/L
Potassium (K),

mg/L.......... 54 K = 0.03(SpC) - 23 .84 <,001 12 mg/L
Alkalinity as

Ca(':o3 (Alk),

mg/L....coonns 52 Alk = 0,15(SpC) + 148 .84 <,001 56 mg/L
Sulfate (SO‘),

mg/L.......... 54 SO4 = 0.03(SpC) + 98 .45 <.001 34 mg/L
Chloride (Cl),

mg/L.......... 54 Cl = 0.24(SpC) - 152 .85 <.001 42 mg/L
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Table 32.--Trends for selected constituents and

properties at site 5A

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

Streamflow................ 54 -
Specific conductance...... 54 +
23 - P 54 +
Temperature............... 35 0
Dissolved oxygen.......... 50 0
Fecal coliform............ 33 -
Fecal Streptococci........ 25 0
Calcium................... 54 0
Magnesium................. 54 0
Sodium.................... 54 +
Potassium................. 54 0
Alkalinity................ 52 0
Sulfate................... 54 0
Chloride...........c...... 54 +
Dissolved solids.......... 54 0
Suspended solids........... 47 0
Nitrite plus nitrate as

nitrogen................ 38 -
Ammonia as nitrogen....... 49 0
Dissolved phosphorus...... 50 0

82



Table 33.--Streamflow and water quality at secondary sites in subbasin 5

[ftals, cubic feet per second; uS/cm, microsiemens per centimeter at 25° Celsius;
°C, degrees Celsius; mg/L, milligrams per liter; U.S. Geological Survey
station number is in parenthesis]

South Fork Buffalo Buffalo South Fork
Crow River Creek near Creek near Crow River
at Biscay Buffalo Lake Plato near H-yorl
(05278590) (05278830) (05278950) (05279000)
Constituent
or property Sept. 21, 1971 Sept. 21, 1971 Sept. 10, 1869 Sept. 21, 1971 Sept. 22, 1871
Streamflow (ftals)... 27 1.6 1.5 7.2 43
‘Specific conductance
(uSfem).ovevevennns 853 1,000 5,950 1,180 860
pH (units)........... 7.9 8.0 7.7 8.3 8.3
Temperature (°C)..... 15.0 16.0 15.0 14.0 13.0
Calcium, dissolved
(mg/L)....ccovvnnnn 82 110 120 120 91
(tons/day)......... 6.0 .48 .49 2.3 10
Magnesium, dissolved
(€772 7 I 42 66 70 54 42
(tons/day)......... 3.1 .28 .28 1.0 4.9
Sodium, dissolved
(€772 7 A 39 18 1,200 58 31
(tons/day)..e...... 2.8 .08 4.9 1.1 3.6
Potassium, dissolved
(bg/L)....... Ceeeen 8.9 5.5 78 6.6 7.3
(tons/day)......... .65 .02 .32 .13 .85
Alkaslinity, total as
CaCO, (mg/L)....... 273 213 587 308 282
(tons/day)......... 20 .92 2.4 6.0 33
Sulfate, dissolved
(mg/L)....... Ceeeee 130 330 28 250 140
(tons/day)......... 9.5 1.4 .11 4.8 16
Chloride, dissolved
(mg/L)....... ceeees 45 17 1,800 68 40
(tons/day)......... 3.3 .07 7.3 1.3 4.6
Solids, dissolved
(mg/L)..covuunnn ‘e 564 760 3,610 816 580
(tons/day)......... 41 3.3 15 16 67
Nitrite plus nitrate 2
as nitrogen (mg/L). 1.1 1.0 8.6 3.7 --
(tons/day)....... .. .80 .004 .12 .07 --
Phosphorus, total 3
(mg/L).....ovvvvnnn .58 .05 7.4 -- .78
(tons/day)......... .04 .0002 .15 - .08
! Site SA.

Dissolved nitrate without nitrite.
Dissolved phosphorus. Orthophosphorus also was analyzed and was 5.5 mg/L.
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Subbasin 6
Physical Characteristics

Subbasin 6 covers an area of approximately 1,030 mi? including most of
the Twin Cities Metropolitan area; it encompasses the reach of the Mississippi
River between the mouth of the Crow River and the mouth of the St. Croix '
River. Major streams that enter the subbasin are the Rum and Minnesota Riv-
ers. The central part of the subbasin is largely a rolling till plain bounded
on the east and west by hilly glacial moraines.

The 1980 population of the Twin Cities Metropolitan area was 2,113,533,

an increase of 32 percent since 1960 (U.S. Department of Commerce, 1982)
(table 1). Land use in subbasin 6 is approximately 37 percent urban (table 34),

Table 34.--Land use in subbasin 6

Use Acres Percent of total
Cultivated 148,960 22.52
Extractive 1,440 0.22 .
Forested 61,760 9.33
Marsh 25,600 3.87
Pasture and open 130,320 19.70
Transportation 2,840 .43
Urban nonresidential 124,120 18.76

or mixed residential

development
Urban residential 122,960 18.59
Water 43,600 6.59

the highest of all the subbasins. Truck and dairy farming are the two major
types of agriculture.

A 9-foot channel in the Mississippi River is maintained by the U.S. Army
Corps of Engineers to mile point 857.6 at Minneapolis. Within the study area,
both upper and lower St. Anthony Falls pools, pool 1, pool 2, and upper pool 3
are maintained for navigation by locks and dams (fig. 19). The pools are
limited by law to the amount of allowable drawdown. During most of the year,
the Mississippi River in subbasin 6 is not a free-flowing stream. 1In the
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Figure 19. Location of locks and dams in and near the Twin Cities area.
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spring, however, control gates and locks sometimes are opened during peak
runoff periods and the river flows freely (Great River Environmental Action
Team, March 1978).

The U.S. Geological Survey operates two gaging stations, sites 6B and 6F,
in the sgbbasin. Average flow at site 6B, Mississippi River near Anoka, was
7,655 ft’°/s for 52 years gf record (U.S. Geological Survey, 1984, p. 69). A
maximu? flow of 91,000 ft”/s occurred April 17, 1965, and a minimum flow of
529 ft’/s occurred on August 29, 1976.

Average flow at site 6F, Mississippi Rivgr at St. Paul, was 10,780 ft3/s;
the median of yearly mean flows was 10,130 fg /s (U.S. Geological Survey,
1984, p. 174). A maximum flgw of 171,000 ft”/s occurred on April 16, 1965,
and a minimum flow of 632 ft”/s occurred gn August 26, 1934. During the
1976-77 drought, a minimum flow of 723 ft’/s occurred on August 30, 1976
(U.S. Geological Survey, 1977, p. 394.

Water-Quality Characteristics

Thirteen primary sites, 6A to 6M, are used to describe the quality of
water in subbasin 6 (fig. 20). Site MN-1 is on the Minnesota River and is
used, for purposes of analysis, as a point-source discharge to the Mississippi
River.

Most of the data for subbasin 6 were collected as part of a cooperative
monitoring program between the U.S. Geological Survey and the Metropolitan
Waste Control Commission. The Minnesota Pollution Control Agency also col-
lected samples at six of the sites that were part of the USGS/MWCC monitoring
program (table 3). The sampling periods were not always concurrent, but
inspection shows that the different sets of data are comparable. Data col-
lected by the three agencies at sites 6A, 6F, 6J, 6M, and MN-1 were combined
in order to have a larger data base at each site. The MPCA and USGS/MWCC data
at site 61 were left separate because the USGS/MWCC data consist only of
specific conductance, pH, dissolved oxygen, and temperature from an automatic
monitor, whereas the MPCA data are from samples collected manually and ana-
lyzed in the laboratory.

Figure 21 shows the location of seven automatic-monitor sites and the
thermograph at site 6F. The monitors were installed in the mid-1970's. They
have variable periods of record because of different installation dates and
different amounts of downtime for maintenance. Because much of. the data are
not normally distributed, quartiles are used for comparisons between sites
(table 35). Site MN-1 is on the Minnesota River near the mouth, which is
between sites 6E and 6F.

Water from the Minnesota River increases the specific conductance of
water in the Mississippi River as shown at site 6G, 7.5 miles downstream from
the confluence. Specific conductance increases again at site 6I, below the
metropolitan sewage-treatment plant, where about 80 percent of the sewage from
the Twin Cities is treated.

During the colder months, water temperature tends to be higher below the
treatment plant, as evidenced by the relatively higher 25-percent-quartile
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Figure 21. Location of automatic monitors in subbasin 6.
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temperatures at sites 6I and 6J. The temperature shows recovery at site 6L,
which is 20 miles downstream of the treatment plant. Although site 6F is
about 1 mile below a power plant that has a gross capacity of 347 megawatts
per hour (Ed Loye, Northern States Power Company, oral commun., 1986), water
temperature at 6F is not affected.

Table 35 shows pH to be relatively uniform, but the concentration of
dissolved oxygen varies. About 5 miles below the treatment plant at site 6I,
dissolved-oxygen concentrations are about 1 mg/L less than concentrations
above the plant at site 6G; median concentrations are 8.9 and 10.5 mg/L,
respectively. A gradual recovery trend in dissolved-oxygen concentrations
occurs downstream from the treatment plant where median concentrations of
9.1 and 9.5 mg/L are shown at sites 6J and 6L, respectively.

Figure 22 shows seasonal dissolved-oxygen-concentration curves prepared
from a balanced data set; medians for each site are calculated from the same
days for each season. There is a decrease in concentration below the mouth of
the Minnesota River. Then there is a further decline below the sewage-treat-
ment plant. The lowest median dissolved-oxygen concentrations occur at site
6J, except in winter. The dissolved-oxygen "sag" shifts downstream in winter
because of the slower degradation rate of the sewage effluent and the lower
phytoplankton activity.

In late spring and fall, dissolved oxygen recovers to concentrations that
are even greater than the concentrations shown at site 6C. Presumably, the
increase in dissolved-oxygen concentration at site 6L is assisted by phyto-
plankton activity. A University of Minnesota study done in August 1976 re-
ported an increase in chlorophyll concentrations below the metropolitan sew-
age-treatment plant (Megard and others, 1978). The study concluded, however,
that the increase did not occur because nutrients from the treatment plant
stimulated photosynthesis, but because the thickness of the mixed layer in
this reach of the river was less than at other localities. The report stated
that algae apparently are saturated with phosphorus at all localities in the
metropolitan reach of the river.

During high flow, as in early and late spring, effluent from the sewage-
treatment plant is aerated by pumping it to a higher elevation and then allow-
ing the effluent to cascade downward over a series of weirs toward the river.
Even though the river has a much larger volume of water than the effluent
channel, higher dissolved-oxygen concentrations occur at 6I. Site 6I is on the
same side of the river as the effluent channel, and there is incomplete mixing
at that point.

Tables 36 to 47 show summary statistics for each of the sites that were
sampled by hand in subbasin 6. Most constituent concentrations increase in
the Mississippi River below the Minnesota River and below the sewage-treatment
plant. Table 48 shows the summary statistics for site MN-1.

Figure 23 shows median seasonal variations in concentration of selected
constituents and properties in water samples collected manually. Because of
the areal variability within subbasin 6, sites were put into one of three
groups - those above the Minnesota River, those between the Minnesota River
and the sewage-treatment plant, and those below the treatment plant.
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Figure 22.--Seasonal dissolved-oxygen concentrations in subbasin 6
using median values from balanced automatic-monitor data.
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Table 36.--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)...... 434 44,300 963 7,380 5,150 6,760
Specific

conductance

(uS/em)............ 228 560 223 357 350 60.4
pH (units)........... 411 8.9 6.5 8.0 8.0 0.4
Temperature

( Celsius)......... 338 28 .0 10.5 10.0 .50
Oxygen, dissolved

(mg/L)......oovvne 410 15.6 5.2 10.3 10.1 2.51
Fecal coliform

(colonies/100mL)... 331 3,400 0 165 68 330
Fecal Streptococci

(colonies/100mL)... 80 3,900 0 364 92 748
Calcium, dissolved

(mg/L)..... Cereee 104 64 31 46 45 6.2
Magnesium, dis-

solved (mg/L)...... 107 32 8.9 16.4 16 3.3
Sodium, dissolved .

(mg/L).....oovvvnn 102 22.5 3.8 8.1 7.2 3.78
Potassium, dis- .

solved (mg/L)...... 104 6.9 .8 2.58 2.4 .837
Alkalinity, total

(mg/L)....ooovvvnn 121 240 95 164 164 26.9
Sulfate, dissolved

(mg/L)............. 105 50 8.6 20.9 19 9.2
Chloride, dissolved

(mg/L).....ooviunnn 137 24 .5 6.96 6.7 3.46
Solids, dissolved

(mg/L).vovvvvnnnnn. 163 856 163 246 240 64.01
Solids, suspended

(mg/L)............. 308 224 .4 20.5 17 21.1
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 247 5 .02 .528 .36 .612
Ammonia as nitrogen,

dissolved (mg/L)... 352 3 .01 .197 .100 . 249
Phosphorus, total

(€772 75 I 252 .91 .02 .121 .100 .099
Phosphorus, dis-

solved (mg/L)...... 118 .88 .01 .07 .05 .102
Arsenic, total

(€77-747 I 40 7 <1 2 2 1.4
Cadmium, total

(€77:72% 41 20 <t ' 3 1 4.8
Chromium, total

[€77-72 5 T 40 20 <1 7 S 5.5
Lead, total (ug/L)... 32 120 <1 18 4 28
Manganese, total

(€77.72 % N 42 390 1 123 110 87
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at site 6A, Mississippi River at Anoka, Minnesota, 1953-81

fall, October-November; winter, December-February; ttsll, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no datal

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

8,500 -- 8,320 -- 5,310 -- 5,410 -- 4,140 -
350 - 350 - 350 -- 335 -- 370 --
8.0 - 8.0 - 8.2 -- 8.1 - 7.9 -
4.0 - 19.0 - 22.5 - 8.5 - .0 -
12 -- 8.4 - 7.7 - 11.2 -- 12.8 --
42 - 20 - 100 - 38 - . 45 -
186 - 172 - 105 - 130 - 12 -
45 790 44 088 42 802 44 843 49 548
16 281 16 359 16 229 16 234 18 201
7.4 130 6.8 148 8.7 96.0 8.0 87.8 8.2 91.6
3.2 56.2 2.8 58.4 2.0 28.7 2.2 32.1 2.4 26.8
168 2,950 180 3,590 154 2,210 159 2,320 183 2,040
19 333 23 517 19 272 17 248 18 201
7.2 128 8.8 153 8.8 94.8 8.0 87.6 6.9 77.1
238 4,140 241 5,410 230 3,300 222 3,240 247 2,760
22 386 28 829 23 330 10 148 8 67.1
.60 10.5 .22 4.94 .22 3.15 .20 2.92 .50 5.59
.25 4.39 .10 2.25 .10 1.43 .10 1.486 .20 2.24
.12 2.11 .13 2.92 .13 1.86 .06 .88 .08 .89
.08 1.05 .05 1.12 .08 .86 .05 .73 .05 .56
2 .03 2 .05 2 .03 2 .03 1 .01
1 .02 1 .02 <1 <.01 <1 <.01 <1 <.01
5 .09 10 .22 10 .14 4 .06 5 .06
14 .24 5 .11 1 .01 4 .08 4 .05
125 2.19 155 3.48 132 1.89 75 1.10 50 .56
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Table 37.--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)...... 119 72,100 1,230 9,280 5,950 10,800
Specific

conductance )

(uS/em).....conenn. 118 468 185 330 233 52
pH (units)........... 118 8.3 6.9 7.5 7.5 0.3
T erature

( Celsius)......... 45 25.0 .0 8.5 7.0 8.5
Oxygen, dissolved

(mg/L)......... . 0 -- -- -- -- --
Fecal coliform

(colonies/100mL)... 0 -- - - -~ -~
Fecal Streptococci )

(colonies/100mL)... 0 -- -- - -- --
Calcium, dissolved

[€:.7-7 75 T 118 58 22 43 43 6.3
Magnesium, dis-

solved (mg/L)...... 118 22 2.8 14 15 3.2
Sodium, dissolved

(mg/L)........ovvt 118 9.1 2.6 5.8 5.8 1.5
Potassium, dis-

solved (mg/L)...... 118 5.2 1.4 2.3 2.1 .7
Alkalinity, total

(mg/L)......oovnnt. 48 213 82 157 159 29
Sulfate, dissolved

(mg/L)............. 118 39 7.8 16 14 5.3
Chloride, dissolved

(mg/L)............. 118 9.6 <1 3.3 3.6 1.8
Solids, dissolved

(mg/L)......c...... 118 291 124 207 203 27
Solids, suspended

(mg/L)............. 0 -- -- -- -- --
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 0 -- -- - -~ --
Ammonia as nitrogen,

dissolved (mg/L)... 0 -~ -- -- -- --
Phosphorus, total

(€772 % PP 0 -- -~ -- -- --
Phosphorus, dis-

solved (mg/L)...... 8 .23 .02 .08 .08 .06
Arsenic, total

[477.92 7 0 -- -- -- -- --
Cadmium, total

(€77-72 7 P 0 -- -- -- -- --
Chromium, total

(47772 7 J 4 <1 <1 <1 <1 <1
Lead, total (ug/L)... 0 -- -- -- -- --
Manganese, total

(3777 % P ss 284 0 48 40 51
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at site 6B, Mississippi River near Anoka, Minnesota, 1960-80

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

per liter; ug/L, micrograms per liter; mL, milliliter; ~-, no data]l

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

9,980 -~ 12,700 -- 5,950 ~= 3,460 -- 2,900 -
290 - 294 -~ 322 - 347 - 394 -
7.6 -- 7.4 -~ 7.4 -~ 7.4 - 7.5 -~
5.0 - 11.5 - 22.0 ~- 6.0 - .0 -
37 997 40 1,370 42 675 44 411 50 392
13 350 11 377 14 225 15 140 17 133
4.9 132 4.5 154 5.6 90.0 6.3 58.8 7.2 56.4
3.0 80.8 2.1 72.0 1.8 28.9 2.2 20.6 2.1 16.4
122 3,290 149 5,110 159 2,550 163 1,520 193 1,510
14 377 16 549 14 225 13 121 14 110
3.8 102 2.2 75.4 3.0 48.2 3.8 35.5 3.9 30.5
184 4,960 - 191 6,550 200 3,210 209 2,950 236 1,850
.08 2.16 .03 1.03 .08 1.28 -~ -- .08 .63
- - <1 .00 - ~~ <1 .00 - -
55 1.48 45 1.54 15 .24 3 .03 60 .47
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Table 38.--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,amean

daily (ft"/s)...... 177 48,500 2,100 9,080 6,160 8,000
Specific

conductance

(uSfem)..ovvinn... 72 420 180 316 316 46
pH (units)........... 177 8.1 6.8 7.9 8.0 0.4
T erature

( Celsius)......... 176 27.0 .0 10.0 8.0 9.0
Oxygen, dissolved

(mg/L)..oovevinnnn, 176 16.6 6.2 11.4 11.4 2.4
Fecal coliform

(colonies/100mL). .. 176 2,000 4 98 48 190
Fecal Streptococci

(colonies/100mL). .. 15 2,000 1 750 260 860
Calcium, dissolved

(mg/L)..... e 0 -- -- -- -- --
Magnesium, dis-

solved (mg/L)...... 0 -- -- -- -- --
Sodium, dissolved

(mg/L).....ovvvvnn. 0 - -- -- s -
Potassium, dis- .

solved (mg/L)...... 0 = = -- = --
Alkalinity, total

(mg/L)............. 0 -- - - - -
Sulfate, dissolved

(mg/L).....coovuun 0 -- -- -- -- --
Chloride, dissolved

(mg/L)...ooovvnnnn. 0 -- -- -- -- --
Solids, dissolved

(mg/L)..ovvevinnnn. 0 -- -- -- - .
Solids, suspended

(mg/L)....covvvnnn. 100 111 1 16 12 15
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 99 2.8 .05 L4 .30 .42
Ammonia as nitrogen,

dissolved (mg/L)... 176 1.4 .02 .19 .12 .18
Phosphorus, total ’

(mg/L)....ooovvnnn. 101 .63 .02 .10 .08 .08
Phosphorus, dis-

solved (mg/L)...... 27 .13 .01 .04 .03 .03
Arsenic, total

(ug/L)..... 0 -- -- -- - -
Cadmium, total

[(€77-72 % 0 -- -- -- -- --
Chromium, total

(€77.92 % P, 0 -- -- -- -- --
Lead, total (ug/L)... 0 -—- -—- - - --
Manganese, total

[€77-72 % S 0 -- -- -- -- --
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at site 6C, Mississippi River at Fridley, Minnesota, 1977-82

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

per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)
Early spring Late spring Summer Fall Winter
Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median psr day Median per day
6,310 - 13,000 - 6,500 - 7,330 -- 4,510 -
300 -- 300 - 340 - 310 -- 340 -
7.8 -~ 7.9 -- 8.3 -- 8.0 -- 7.8 --
3.5 - 18.5 - 23.0 -- 7.0 - .5 -
13.4 -- 9.4 - 8.3 - 12.3 - 14.0 -—
29 - 82 - 140 -~ 50 - 21 --
964 -- 550 -- 1,900 -- 36 - 40 --
19 324 25 878 22 386 8 158 4 48.7
.72 12.3 .20 7.02 .15 2.63 .25 4.95 .50 6.09
.30 5.11 .10 3.51 .06 1.05 .10 1.98 .22 2.68
.14 2.38 .10 3.51 .10 1.76 .06 1.19 .05 .61
.04 .68 .02 .70 .06 1.05 .02 .40 .04 .49
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Table 39.--Summary statistics for selected constituents
Minneapolis Waterworks at

[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 Max imum Minimum Mean Median deviation
Streamilow,smean

daily (ft /s)...... 178 64,000 934 8,410 6,660 8,360
Specific

conductance

(uS/fem) ., oovivvnnnn. 142 690 160 330 348 69
pH (units)........... 177 8.9 7.0 7.9 8.0 0.3
T erature

( Celsius)......... 79 27.0 .0 12.5 12.0 9.0
Oxygen, dissolved

(mg/L).......ovnut 176 15.3 5.8 10.2 10.4 2.2
Fecal coliform

(colonies/100mL). .. 144 13,000 20 370 80 1,200
Fecal Streptococci

(colonies/100mL). .. 9 1,500 27 220 72 480
Calcium, dissolved

(mg/L)....oovvnnn.. 49 56 17 43 44 6.5
Magnesium, dis-

solved (mg/L)...... 28 19 12 15 14 1.9
Sodium, dissolved

(mg/L)...oovvvnnnn. 39 15 3.3 7.4 6.6 2.7
Potassium, dis-

solved (mg/L)...... 40 4.6 1.0 2.3 2.2 .7
Alkalinity, total

(mg/L)............. 102 320 71 156 158 31
Sulfate, dissolved

(mg/L)............. 39 36 5.0 16 14 6.1
Chloride, dissolved

(mg/L)............. 96 28 .5 8.6 7.5 4.9
Solids, dissolved

(mg/L)............. 2 200 190 195 195 7

Solids, suspended

(mg/L)............. 158 120 <1 16 14 15
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 70 2.2 BN 3 § .33 .28 | .34
Ammonia as nitrogen,

dissolved (mg/L)... 145 1.2 .01 .15 .11 .14
Phosphorus, total

(mg/L)........o.... 143 .48 .03 .12 .10 .06
Arsenic, total
AR 7773 75 J 39 60 1 5 1 9.2
Cadmium, total

[€77-7 2 7 I 88 60 <1 5 <1 6.8
Chromium, total

[(€77-72 % I 16 5 <1 1 1 1.1
Lead, total (ug/L)... 87 240 <1 9 2 26
Manganese, total

[477-7 1 7 66 - 1,200 10 130 100 160
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and properties at site 6D, Mississippi River at
Minneapolis, Minnesota, 1953-82

fall, October-November; winter, December-February; ttsls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data}

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

10,900 - 11,000 - 5,640 - 5,000 -- 4,700 --
320 -- 305 - 322 -- 312 - 362 -
8.0 -- 8.0 -- 8.2 -- 8.0 - 7.9 -
6.0 -- 20.5 - 22.0 - 9.0 -- .0 --
11.3 -- 8.6 -- 8.4 - 11.2 -- 12.5 --
51 - 83 - 220 - 51 - 170 -
54 -- -- -- 130 - 46 -- 49 --
42 1,240 45 1,340 b4 670 b4 594 48 609
15 441 16 475 14 213 15 202 17 216
6.1 180 8.6 255 6.5 99.0 6.7 90.49 6.8 86.3
2.5 73.6 2.5 74.2 2.0 30.4 2.1 28.43 2.2 27.9
148 4,360 148 4,400 151 2,300 158 2,130 175 2,220
15 441 16 475 13 198 12 162 14 178
7.2 212 6.7 199 7.5 114 8.5 115 8.5 108
- - - - 195 2,970 - - - --
15 441 22 653 20 304 9 122 3 38.1
.40 11.8 .13 3.86 .12 1.83 .26 3.51 .60 7.61
.14 4.12 .10 2.97 .10 1.52 .10 1.35 .18 2.28
.13 3.82 .14 4.16 .15 2.28 .10 1.35 .08 1.02
5 .15 5 .15 5 .08 1 .01 4 .05
5 .15 5 .15 5 .08 5 .07 5 .06
1 .03 1 .03 2 .03 1 .01 1 .01
5 .15 5 .15 5 .08 5 .07 5 .06
140 4.12 140 4,16 120 1.83 83 1.12 54 .68
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Table 40.--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 (ft7/s)...... 741 49,800 723 7,580 5,330 6,580
Specific

conductance

(uS/em)ovvvviinnnns 185 550 215 358 350 62.8
pH (units)........... 824 8.9 7.0 8.0 8.0 0.3
T erature

( Celsius)..... e 838 289 .0 10.5 9.0 9.44
Oxygen, dissolved

(€772 % IS 837 16 .0 9.8 9.9 3.23
Fecal coliform

(colonies/100mL)... 294 42,000 11 1,800 330 5,870
Fecal Streptococci

(colonies/100mL). .. 52 71,000 1 3,510 333 11,200
Calcium, dissolved

(mg/LY............. 20 58 30 45 46 6.6
Magnesium, dis- .

solved (mg/L)...... 21 28 12 16.7 16 3.8
Sodium, dissolved

(mg/L)...... PN 17 25 4 10.3 8.1 6.1
Potassium, dis-

solved (mg/L)...... 17 7.8 1.9 2.97 2.1 1.68
Alkalinity, total

(mg/L).ovveennnnn, 20 209 116 158 152 22.9
Sulfate, dissolved

(mg/L)...... Ceeeenns 19 32 8 19.1 19.0 5.5
Chloride, dissolved

(mg/L)...vvivinnnnn 18 12 4.9 8.5 8.3 2.0
Solids, dissolved

(mg/L).....coovenn. 52 307 195 241 236 28.7
Solids, suspended

(mg/L)......... e 223 20 1 18.8 16.6 14.8
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 225 3.9 .02 . 448 .356 . 513
Ammonia as nitrogen,

dissolved (mg/L)... 305 .85 .02 .184 .120 .146
Phosphorus, total

(mg/L)............. 255 .36 .02 .096 .090 .050
Phosphorus, dis-

solved (mg/L)...... 69 .31 .01 .07 .05 .05
Arsenic, total ’

[€77.72 % IS 6 1.5 <1 1 1 .4
Cadmium, total

(ug/L)......... 6 .3 <1 <1 <1 .1
Chromium, total

(4777 % I 6 8.5 2 5 3 3.1
Lead, total (ug/L)... 6 29.7 1 7 3 11
Manganese, total

[€77:72 % S 6 140 35 96 98 45
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at site 6E, Mississippi River at Ford Plant, St. Paul, Mimmesota, 1926-82

fall, October-November; winter, December-February; tt.als, cubic feet per second;

per liter; ug/L, micrograms per liter; mL, milliliter; --, no data]}
Early spring Late spring Summer Fall Winter
Tons Tons Tons Tons Tons

Median per day Median per day Median per day Median per day Median per day

7,220 - 10,300 - 5,210 - 5,220 - 4,020 -
331 - 345 - 356 -- 330 - 386 --
7.9 -- 8.1 - 8.2 - 8.2 - 7.8 -
3.5 - 18.0 - 23.0 - 8.0 - .0 -

12 - 8.5 -- 7.7 - 11.5 -- 12.4 -
112 -- 480 - 449 - azs - 375 -
108 - 506 -- 330 - 281 -- 322 --

40 780 40 1,110 43 605 46 848 47 510

14 273 15 417 16 225 16 226 16 174

10 185 4.8 133 8.1 116 7.0 8.6 8.9  96.6
5.0 975 2.6  72.3 2.4 33.8 2.6  36.6 2.1 22.8
126 2,480 153 4,250 151 2,120 152 2,140 176 1,890

15 202 18 500 19 267 17 240 20 217
7.6 148 6.6 184 10 141 12 168 8.4  91.2
234 4,560 216 6,010 238 3,350 235 3,310 266 2,860

24 468 27 751 23 324 12 169 5 543
.55 10.7 .20 5.56 .16 2.25 .20 2.82 .45 4.88
.20 3.90 10 2.78 0 1.41 0 1,61 20 2.17
.10 1.95 .10 2.78 .10 1.41 .08 1.13 .07 .76
08 1.17 .05 1.38 .06 .84 .04 .56 .04 .43

1 .02 1 .03 2 .03 1 .01 1 .01
<1 <.02 <1 <.03 <1 <.01 <1 <.01 <« <01
6 a1 8 .22 2 .03 8 1 2 .02

30 .58 4 11 2 .03 6 .08 2 .02

140 2.73 140 3.89 120 1.68 80  1.27 42 .46
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Table 41.--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,3mean

daily (ft /s)...... 972 77,400 723 11,600 7,220 11,100
Specific

conductance

(uS/cm) . ..vovvvnnn. 439 780 240 479 470 97.9
pH (units)........... 963 8.8 6.7 8.0 8.0 0.3
Temgerature

( Celsius)......... 951 29 .0 11.5 10.5 9.33
Oxygen, dissolved

(mg/LY..ovovvinnnn. 856 15.7 1.4 10.0 10.1 2.5
Fecal coliform

(colonies/100mL)... 527 79,000 1 2,350 520 7,510
Fecal Streptococci

(colonies/100mL)... 224 85,000 <1 2,580 370 8,460
Calcium, dissolved

(mg/L)eevviieanennn 165 80 35 54 52 9.1
Magnesium, dis-

solved (mg/L)...... 113 47 11 21 20 5.3
Sodium, dissolved

(mg/L)..... Creeeae 140 43 4,7 13.6 12.0 6.4
Potassium, dis-

solved (mg/L)...... 142 8.4 1.6 3.4 3.1 1.19
Alkalinity, total

(mg/L).ooovnnnnn... 156 289 100 180 180 30.7
Sulfate, dissolved

(mg/L)..... e 142 96 18 45 40 18.4
Chloride, dissolved

(mg/L)..... eeanaes 168 51 6.0 16.7 15 7
Solids, dissolved

(Mg/L).oeeeevennnn, 128 443 186 307 304 59
Solids, suspended

(mg/L)........ Ceaen 475 564 < 44 .9 29 57
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 423 9.6 .01 1.5 .85 1.6
Ammonia as nitrogen,

dissolved (mg/L)... 541 1.7 .01 .332 .26 .258
Phosphorus, total

(mg/L)..vovveennnn. 475 1.9 .01 .178 .15 .121
Phosphorus, dis-

solved (mg/L)...... 125 .22 .01 .10 .09 .05
Arsenic, total

[477:72 7 R 97 8 <1 3 2 1.7
Cadmium, total

[477-72 7 220 21 <1 4 5 4.2
Chromium, total

[477-77 75 I 206 42 <1 5 2 6.8
Lead, total (ug/L)... 205 200 <1 14 5 25
Manganese, total

[477-7 75 S 214 1,100 <1 156 140 106
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at site 6F, Mississippi River at St. Paul, Minnesota, 1938-81

fall, October-November; winter, December-February; ftsls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data])

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

11,800 - 16,700 - 7,390 - 6,670 - 5,040 -
440 - 495 - 460 - 450 - 500 -
7.9 -- 8.1 -- 8.1 -- 8.2 -- 7.8 -
4.5 -- 20.0 - 23.0 -- 8.5 -- .0 --
12 - 8.2 -- 7.3 - 11.2 -- 12.3 -
290 - 420 -- 920 -- 690 -- 600 --
310 - 620 - 560 - 300 - 160 -
52 1,660 56 2,520 48 258 50 200 57 70.6
19 605 23 1,040 19 379 19 342 21 34.6
11 350 10 451 11 219 11 198 14 27.6
3.7 118 3.2 144 2.7 53.9 2.7 48.6 3.2 16.8
164 5,220 180 8,120 170 3,390 176 3,170 201 215
48 1,530 64 2,880 34 678 32 576 38 51.6
16 510 15 676 15 299 14 252 16 29.6
298 9,490 312 14,100 284 5,670 288 5,180 326 340
46 1,460 49 2,210 37 738 2 468 7 20.6
1.2 38.2 1.5 67.6 .75 15.0 .45 8.10 .75 14.4
.40 12.7 .17 7.66 .18 3.59 .21 3.78 .40 14.0
.18 5.73 .18 8.12 .19 3.79 .14 2.52 .12 13.7
.10 3.19 .09 4.06 .10 2.00 .09 1.62 .09 13.7
2 .06 4 .16 4 71.8 2 .04 1 13.6
5 .16 5 .22 5 .10 5 .09 5 13.6
3 .10 3 .12 2 .04 2 .03 2 13.86
5 .16 5 .22 5 .10 5 .09 5 13.6
130 4,14 182 8.21 186 3.71 110 1.98 20 13.7
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Table 42.--Summary statistics for selected constituents and properties at

[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)...... 309 79,800 941 11,600 7,350 11,400
Specific

conductance

(uS/em).o.vvvvnnnn. 196 880 260 530 525 104
pH (units)........... 305 8.8 6.4 7.8 7.9 0.3
T erature

(Celsius)......... 309 27.5 0.0 11.0 9.5 9.0
Oxygen, dissolved

(mg/L)............. 309 14.5 .1 9.6 10.1 3.1
Fecal coliform

(colonies/100mL). .. 302 98,000 1 1,800 330 6,600
Fecal Streptococci

(colonies/100mL). .. 54 8,300 1 860 380 1,600
Calcium, dissolved

(mg/L)............. 14 69 46 57 58 5.9
Magnesium, dis-

solved (mg/L)...... 16 40 15 22 20 6.1
Sodium, dissolved

(mg/L).\........... 12 46 9.9 20 17 9.9
ﬁ6iassium, dis-

solved (mg/L)...... 14 8.0 2.2 3.8 3.6 1.6
Alkalinity, total

(mg/L).......oon... 15 260 101 186 181 40
Sulfate, dissolved

(mg/L)...ovvvennnn. 13 91 40 60 52 18
Chloride, dissolved

(€72 7 I 14 36 15 23 21 6.2
Solids, dissolved

(mg/L)....ooovvnnn. 46 470 286 354 350 42
Solids, suspended

(mg/L)...cvvvennnn. 238 223 1 37 286 38
Nitrite plus nitrate

as nitrogen, dis- E

solved (mg/L)...... 236 7.1 .04 1.4 .85 1.4
Ammonia.as nitrogen,

dissolved (mg/L)... 305 5.7 .10 1.2 .90 1.0
Phosphorus, total

(mg/L)....ooovvnnn 239 .85 .02 .30 .25 .16
Phosphorus, dis-

solved (mg/L)...... 93 .70 .02 .14 .12 .09
Arsenic, total

(€77-72 % 37 6 <1 2 2 1.5
Cadmium, total

(€77-72 % PP 37 20 <1 4 1 4.7
Chromium, total

(47792 % IR 37 30 .5 10 10 6.9
Lead, total (ug/L)... 32 120 .5 20 6.1 32
Manganese, total

[477:72 7 I 37 840 65 160 130 130
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site 6H, Mississippi River at Highway 494 at Newport, Mimmesota, 1977-82

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

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

Early spring Late spring Summer Fall Winterx

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

8,890 i 14,200 -- 8,280 - 8,460 - 5,420 -
430 - 510 - 542 - 550 -- 558 -
7.8 - 7.9 - 7.9 - 8.0 - 7.7 -
5.0 -~ 19.5 - 24,0 - 8.5 - .5 -
11.7 -~ 8.0 - 6.8 -- 10.6 - 12.2 -
110 -~ 550 - 680 -~ 260 - 52 -
420 - 440 -- 210 - 500 -- 52 -
48 1,150 54 2,070 60 1,340 60 1,370 56 820
16 384 20 777 21 469 23 525 21 307
30 720 15 575 18 402 16 365 17 248
3.5 84.0 3.8 146 3.6 80.5 3.8 86.8 3.2 46.8
139 3,340 179 6,860 193 4,310 170 3.880 216 3,160
45 1,080 50 1,920 54 1,210 48 1,100 58 849
21 504 18 690 28 626 25 571 22 322
312 7,490 336 12,900 356 7,960 332 7,580 382 5,590
32 768 51 1,960 40 894 25 571 8 117
.82 31.2 1.6 61.3 1.2 26.8 .70 16.0 .76 11.1
.90 22.8 .50 19.2 .60 13.4 .75 17.1 1.4 20.5
.26 5.52 .24 9.20 .28 6.26 .20 4.57 .24 3.51
.13 2.88 .06 2.30 .15 3.35 .10 2.28 .14 2.05
2 .05 3 .12 4 .08 2 .05 1 .01
1 .02 1 .04 1 .02 1 .02 1 .01
10 .26 8 .31 12 .27 5 .11 6 .08
24 .58 7 .27 4 .09 7 .16 5 .07
140 3.12 200 7.67 180 4.25 120 2.74 81 1.33
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Table 43.--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 Max imum Minimum Mean Median deviation
Streamflow, .mean

daily (ft /s)...... 46 76,200 2,810 15,500 8,560 14,700
Specific

conductance

(uS/em)..ooovvinnn 45 640 280 442 437 96
pH (units)....... e 46 8.4 7.4 7.8 7.9 0.3
T erature

( Celsius)......... 0 - - - -- --
Oxygen, dissolved

(mg/L)........ouun 46 13.1 3.5 8.8 8.7 2.3
Fecal coliform

(colonies/100mL). .. 46 330,000 20 28,000 1,700 67,000
Fecal Streptococci

(colonies/100mL)... 2 390 45 220 220 240
Calcium, dissolved

(mg/L)....oovvvvnnn 38 80 386 55 53 11
Magnesium, dis-

solved (mg/L)...... 2 24 19 22 22 3.4
Sodium, dissolved

(mg/L)............. 38 38 5.7 16 16 7.2
Potassium, dis-

solved (mg/L)...... 36 8.0 1.5 4.5 4.0 1.7
Alkalinity, total

(4. 792 7 1 46 220 120 175 180 27
Sulfate, dissolved

(mg/L)..oovvvninnnn. 22 67 25 40 36 13
Chloride, dissolved

(mg/L)..coovvnnnn. 46 61 8.0 18 17 8.7
Solids, dissolved

(€772 % I 1 -- -- -- -- --
Solids, suspended

(mg/L)......... . 45 97 <1 35 30 28
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 0 -- -- -- -- --
Ammonia as nitrogen,

dissolved (mg/L)... 46 2.0 1.0 .72 72 .53
Phosphorus, total

(mg/L)......ovvvvnt 46 .99 .20 .40 .39 .15
Arsenic, total

(ug/L)..... e 34 10 5 5 5 .8
Cadmium, total

[€77-72 % . 39 32 5 6 5 4.4
Chromium, total

[€77-92 % P 5 13 3 9 10 3.7
Lead, total (ug/L)... 31 150 5 12 5 26
Manganese, total

(77-72 % I 37 72

320 10 140 120
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at site 6I, Mississippi River south of St. Paul, Minnesota, 1967-75

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 Summher Fall Winter
Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day
11,500 - 30,000 -- 7,790 -- 7,670 -- 6,460 -
455 -- 385 -- 385 -~ 355 - 508 -~
8.0 -- 7.9 -~ 7.9 -- 7.8 - 7.7 -
11.3 -~ 8.7 - 6.8 - 9.2 - 10.5 --
3,600 -~ 360 - 1,700 - 830 -~ 2,300 --
-- -- -~ -- 390 -- -- -- 45 -
66 2,050 48 3,890 49 1,030 54 1,120 60 1,050
-- -- -- -- 22 463 - - - -
10 310 8.4 680 14 294 14 290 22 384
5.2 161 3.5 284 3.1 65.2 3.1 64.2 5.0 87.2
165 5,120 158 12,800 163 3,430 175 3,620 200 3,490
44 1,370 63 5,100 35 736 30 621 29 506
13 404 11 891 17 358 13 269 24 419
-- - -- - 280 5,880 -- - -- --
35 1,090 69 5,590 31 652 24 497 9 157
.40 12.4 .12 8.72 .72 15.1 .34 7.04 1.1 19.2
.40 12.4 .26 21.1 .39 8.20 41 8.49 .40 6.98
5 .16 6 .49 5 .10 5 .10 5 .09
5 .16 5 .40 6 .13 5 .10 5 .09
- - - - 8 .17 - - 11 .19
8 .19 28 2.35 10 .21 7 .14 6 .10
110 3.42 120 '9.72 140 2.94 92 1.90 130 2.27
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Table 44.--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 Max imum Minimum Mean Median deviation
Streamflow, mean

daily (£t /s)...... 473 73,400 1,090 11,600 7,240 11,200
Specific

conductance

(uS/em)......ovvnn. 357 870 200 518 510 107
pH (units)...... e 487 8.6 6.7 7.8 7.9 0.3
T erature

("Celsjus)......... 471 26.5 .0 11.0 11.0 9.0
Oxygen, dissolved

[€::7-72 5 J 470 14.2 .8 9.1 9.4 3.1
Fecal coliform

(colonies/100mL). .. 463 130,000 1 2,290 320 9,580
Fecal Streptococci

(colonies/100mL). .. 191 27,000 1 986 230 2,610
Calcium, dissolved

(mg/L)....ovvuvvenn. 86 80 33 54 55 8.6
Magnesium, dis-

solved (mg/L)...... 51 49 14 22 21 6.3
Sodium, dissolved

(€772 7 2 57 69 3.5 20.4 17.8 11.8
Potassium, dis-

solved (mg/L)...... 61 13 2.2 4.2 3.6 1.7
Alkalinity, total

(mg/L)...ovvivnnnn. 74 265 120 186 180 30
Sulfate, dissolved

(€72 O I 62 94 9.2 49 45 20
Chloride, dissolved

(mg/L)........ e 87 100 10.5 28 24 .16
Solids, dissolved

(€772 % I 53 468 266 351 347 44
Solids, suspended

(mg/L).eevvvennnns 395 315 .5 33.9 23.9 38.2
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 393 11.1 .01 1.5 .9 1.6
Ammonia as nitrogen,

dissolved (mg/L)... 467 5.8 .1 1.086 .8 .88
Phosphorus, total

(mg/L)........ e 397 1.2 .02 .31 .26 .16
Phosphorus, dis-

solved (mg/L)..... . 70 .66 .01 .17 .16 .10
Arsenic, total

[€77:72 5 IR N 73 62 <1 3 2 7.1
Cadmium, total

[477-72 7 I 182 25 <1 3 5 3.2
Chromium, total

[€77-71 P TN 184 70 <1 8 5 8.3
Lead, total (ug/L)... 178 100 <1 12 5 17
Manganese, total

(47772 5 170 560 10 148 140 63
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at site 6J, Mississippi River at Grey Cloud Island, Minmesota, 1975-82

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 Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

9,660' -- 14,600 -- 7,000 -- 7,780 -- 5,300 --
461 -- 505 -- 526 -- 496 -- 551 --
7.9 ~- 7.9 -- 7.9 - 7.9 -- 7.8 -
5.0 -- 18.5 -- 23.0 -- 8.5 -- .0 --
11.3 -- 7.6 -- 6.7 -- 10 -- 12.0 --
200 -- 600 -- 470 -- 170 - 60 --
499 -- 361 -- 230 -- 300 -- 56 -
48 1,220 56 2,210 52 983 52 1,090 60 859
19 484 23 907 21 397 22 462 24 343
12 308 14 552 18 340 18 378 21 300
4.3 110 3.6 142 3.7 69.9 3.5 73.5 3.5 50.1
161 4,100 180 7,100 180 3,400 180 3,780 211 3,020
41 1,040 55 2,170 a8 718 as 735 57 816
22 561 20 788 25 472 23 483 25 3ss8
300 7,650 332 13,100 360 6,800 343 7,200 364 5,210
31 790 39 1,540 32 605 21 441 5 71.6
1.2 30.86 1.6 63.1 .84 15.9 .70 14.7 .75 10.7
.92 23.4 .52 20.50 .60 11.3 .69 14.5 1.2 17.2
.28 7.14 .26 10.25 .28 5.29 .23 4.83 .24 3.43
.16 4.08 .10 3.94 .16 3.02 .16 3.36 .16 2.28
3 .08 3 .12 4 .08 2 .04 1 .01
5 .13 4 .16 5 .08 5 .10 2 .03
5 .13 5 .20 ] .08 7 .15 6 .08
5 .13 5 .20 5 .09 5 .10 5 .07
140 3.57 180 7.10 160 3.02 120 2.52 110 1.57
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Table 45.--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,3maan

daily (ft /s)...... 263 76,800 1,470 12,900 8,600 11,800
Specific

conductance

(uS/cm)....... P 201 860 310 514 505 92
pH (units)........... 244 8.9 6.8 7.9 7.9 0.3
Temperature

( Celsjius)......... 247 27.0 .0 10.5 9.0 9.5
Oxygen, dissolved

(mg/L)....... [ 243 15.8 2.3 9.9 10,2 2.6
Fecal coliform

(colonies/100mL)... 235 34,700 1 539 92 2,370
Fecal Streptococci

(colonies/100mL). .. 70 5,400 1 452 100 970
Calcium, dissolved

(mg/L)...... [P 42 80 39 58 57 8.6
Magnesium, dis-

solved (mg/L)...... 43 30 15 22 22 3.2
Sodium, dissolved

[§:7-72 7 I 40 35 8.3 18 16 6.1
Potassium, dis-

solved (mg/L)...... 40 4.8 .6 3.4 3.3 .71
Alkalinity, total

(mg/L)..oovevnnnnn. 28 230 130 186 190 30.6
Sulfate, dissolved

(mg/LY...ovvivvnnnn, 38 91 25 48 42 14.3
Chloride, dissolved

(€77 P 39 42 12 22 23 7.2
Solids, dissolved

(mg/L)..oovvvnnnnns 51 460 227 335 324 56
Solids, suspended

[€..7-7) 75 TN 189 126 2 30 27 23
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 177 7.2 .05 1.6 1.2 1.3
Ammonia as nitrogen,

dissolved (mg/L)... 211 4.8 .04 .85 .7 .67
Phosphorus, total

(mg/L).....oovuenn. 187 .72 .07 .23 .21 .10
Phosphorus, dis-

solved (mg/L)...... 85 .37 .00 .13 .12 .06
Arsenic, total

[477-72 % J 35 6 1 2 2 1.2
Cadmium, total

[€77-72 % P 34 12 <1 3 2 3
Chromium, total

[(477.72 % F P, 35 40 5 15 10 9.8
Lead, total (ug/L)... 28 130 <1 22 7 34.6
Manganese, total .

[€77-7 7 R 36 250 60 145 142 47
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at site 6K, Mississippi River at Nininger, Minnesota, 1977-82

fall, October-November; winter, December-February; rtals, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

8,840 -- 16,100 - 12,400 - 9,100 -- 5,260 --
442 -- 505 -- 520 -- 490 -- 530 -
7.9 - 8.0 -- 8.0 - 8.1 -- 7.7 --
5.5 - 20.0 -- 23.0 -- 8.0 - .0 -
11.4 -- 8.2 -- 7.0 -- 11.2 - 11.9 -
38 -- 112 -- 133 - 380 -- 8 --
101 -- 80 -- 72 -- 174 -- 142 -
54 1,280 54 2,350 56 1,870 50 ,2301 65 923
20 477 22 956 22 737 18 467 23 327
20 477 14 608 12 402 14 344 20 284
4.1 28 3.2 139 3.1 104 3.0 73.7 3.3 46.9
140 3,340 165 7,170 190 6,360 165 ,0504 210 2,980
44 1,050 54 2,350 42 1,410 40 283 43 611
25 597 19 826 16 536 18 467 25 355
327 7,600 322 14,000 318 10,600 308 ,5707 352 5,000
27 644 43 1,870 37 1,240 23 565 5 71.0
1.4 33.4 2.0 86.9 1.4 46.9 1.0 24.6 .96 13.6
.70 16.7 .50 21.7 .48 16.1 .60 14.7 1.2 17.0
.24 5.73 .21 9.13 .24 8.04 .18 4.42 .18 2.70
.14 3.34 .10 4.35 .14 4.69 .11 2.70 .16 2.27
2 .05 3 .13 4 .13 2 .05 1 .01
1 .02 4 .17 2 .07 2 .05 2 .03
18 .45 13 .56 10 .33 10 .24 18 .26
8 .18 7 .30 7 .23 7 .17 5 .07
130 3.10 192 8.35 175 5.8 135 3.32 115 1.63
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Table 46.--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 R

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

daily (ft /s)...... 306 71,000 900 12,300 8,200 11,800
Specific

conductance

(uS/em)........ e 193 860 330 527 510 110
pH (units)........... 294 9.1 6.9 7.9 8.0 0.3
Temgerature

( Celsjus)......... 295 27.5 0 11.0 10.0 9.5
Oxygen, dissolved

(mg/L).....ovvvnnn 295 18.2 2.3 9.9 10.2 2.8
Fecal coliform

(colonies/100mL). .. 292 5,600 1 240 28 560
Fecal Streptococci

(colonies/100mL)... 51 8,800 1 440 80 1,300
Calcium, dissolved

(mg/L)...vvvnnennns 62 78 42 57 57 7.6
Magnesium, dis-

solved (mg/L)...... 66 40 14 22 22 4.9
Sodium, dissolved

[€:.7-77 7 2N 62 82 6.7 24 18 15
Potassium, dis-

solved (mg/L)...... 64 9.0 .9 4.0 3.5 1.4
Alkalinity, total

(mg/L)...... e 65 293 107 183 180 34
Sulfate, dissolved

(mg/L)....ovvvnnnn. 63 134 30 60 54 23
Chloride, dissolved

(mg/L)...covnvnnnn. 64 93 9.5 26 21 15
Solids, dissolved

(mg/L)....... e 96 520 246 348 349 53
Solids, suspended

[4-7-75 75 2 227 200 1 33 32 26
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 224 7.2 .04 1.5 1.0 1.3
Ammonia as nitrogen,

dissolved (mg/L)... 294 6.5 .07 1.0 .70 1.1
Phosphorus, total

(mg/L)....oovvnnnnn 228 .85 - .10 .27 .22 14
Phosphorus, dis-

solved (mg/L)...... 89 .24 .01 .11 .10 .05
Arsenic, total

[€77-72 7 2 32 5 <1 2 2 1.1
Cadmium, total

[€77-92 75 N 32 13 <1 3 1 4.0
Chromium, total

(€772 7 J 32 30 <1 10 10 7.4
Lead, total (ug/L)... 27 83 <1 20 S 27
Manganese, total

(€77:70 7 JN e 31 600 50 160 140 91
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at site 6L, Mississippi River at Lock and Dam 2 at Hasting, Minmesota, 1977-82

fall, October-November; winter, December-February; tt.als. cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data]l

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

10,200 -- 13,600 -- 8,780 - 8,000 -- 5,060 -
450 -- 500 -- 540 -- 525 - 541 --
7.8 - 8.1 — 8.0 - 8.0 - 7.8 -
4.0 -- 18.5 - 23.5 - 8.0 - .0 -

11.4 - 8.6 - 7.2 -- 10.8 -- 12.0 -
26 - 74 - 38 - 53 -- 6 -
3s -- 74 - 54 -- 150 - 31 --
s0 1,380 61 2,240 55 1,300 52 1,120 62 847
18 496 23 844 22 522 21 454 22 300
20 551 16 sa8 14 33z 16 346 26 355

4.2 116 3.6 132 3.5 83.0 3.2 69.1 a.s 47.8
157 4,320 170 6,240 178 4,220 178 3,840 210 2,870
50 1,380 70 2,570 52 1,230 a4 950 57 779
14 386 18 661 21 498 20 432 25 342
315 8,680 344 12,600 346 8,200 332 7,170 380 5,190
a1 854 42 1,540 3s 830 28 605 6 82.0
.86 23.7 1.5 55.1 1.3 30.8 1.1 23.8 .80 10.8
.80 24.8 42 15.4 .55 13.0 .64 13.8 1.3 17.8
.24 6.61 .20 7.34 .24 5.69 .18 4.10 .26 3.55
.12 3.30 .06 2.20 .14 3.32 .10 2.16 .10 1.37
2 .06 2 .07 3 .07 2 .04 1 .01
5 .14 2 .07 2 .05 <1 <.02 1 .01
5 .14 10 .37 10 .24 9 .19 5 .07
27 .74 5 .18 5 .12 4 .09 3 .04
120 3.30 170 6.24 160 3.79 150 3.24 120 1.64
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Table 47.--Summary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
#S/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,smean

daily (ft /s)...... 690 77,500 270 11,600 7,600 10,300
Specific '

conductance

(uS/em)......ovunn. 246 865 270 499 500 108
pH (units)........... 747 8.9 6.5 7.9 7.9 0.3
Temperature

( Celsjus)......... 658 28 .0 11.5 12.0 9.5
Oxygen, dissolved

[€:.7-72 5 T 753 14.7 .0 8.0 8.0 2.9
Fecal coliform

(colonies/100mL). .. 284 33,000 <1 810 70 3,000
Fecal Streptococci

(colonies/100mL). .. 75 4,700 <1 280 40 690
Calcium, dissolved

(mg/L)..ovvevennnn, 97 80 37 55 55 9.4
Magnesium, dis-

solved (mg/L)...... 54 28 15 20 20 3.3
Sodium, dissolved

(mg/L)......oovnnn 95 52 5.8 17.4 16 8.4
Potassium, dis-

solved (mg/L)...... 93 9 1.2 3.8 3.4 1.2
Alkalinity, total

(mg/L)............. 104 260 67 178 180 29
Sulfate, dissolved

(mg/L).o.oevvnnen. 82 130 24 43 40 17.5
Chloride, dissolved

(mg/L)............. 144 67 3.2 20.5 18 12
Solids, dissolved

(4,772 7 I 50 435 238 314 302 51
Solids, suspended

(mg/l)....oovvnnnn 301 140 .5 36 35 26.3
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 186 9.8 .05 1.4 .85 1.4
Ammonia as nitrogen,

dissolved (mg/L)... 328 6.8 .08 .98 .70 1.05
Phosphorus, total

(€772 5 T 266 1.1 .01 .34 .30 .18
Phosphorus, dis-

solved (mg/L)...... 74 .68 .01 .19 .16 .11
Arsenic, total

(€77-72 % I 43 7 1 5 5 1.0
Cadmium, total .

[€77.72 % I 65 38 <1 6 5 4.8
Chromium, total

(47772 % F 18 20 <1 7 6 5.6
Lead, total (ug/L)... 57 50 3 8 5 8
Manganese, total

(€77-72 % 59 590 14 160 130 98
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at site 6M, Mississippi River below Lock and Dam 2, Minnesota, 1936-82

fall, October-November; winter, December-February; ttsls, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; --, no data)

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

12,900 - 17;400 - 7,600 -- 6,600 - 4,910 -
441 -- 491 -- 500 -- 452 -- 520 --
7.9 - 8.0 -~ 8.0 - 8.0 - 7.7 --
3.0 - 19.0 - 24.0 -- 8.0 -- .0 --
10.4 -- 7.8 -- 6.7 -- 9.8 -- 7.4 --
120 -- 160 -- 52 -- 120 -- 21 --
100 -- 48 -- 30 -- 152 -- 8 --
56 1,950 56 2,630 48 985 52 927 60 795
19 662 22 1,030 18 369 19 338 21 278
14 488 11 517 15 308 17 303 20 265
4.1 143 3.4 160 3.0 61.6 3.2 57.0 3.4 45.1
160 5,570 160 7,520 170 3,490 180 3,210 200 2,650
42 1,460 51 2,400 32 657 33 588 39 517
16 557 12 564 17 349 18 321 23 305
300 10,400 318 14,900 278 5,700 266 4,740 321 4,260
28 975 46 2,160 42 862 29 517 6 79.5
.80 27.9 1.2 56.4 1.3 26.7 .85 11.6 .66 8.75
.85 29.6 .42 19.7 .52 10.7 .84 15.0 1.2 15.9
.29 10.1 .25 11.7 .28 5.74 .27 4.81 .40 5.30
.14 4.88 .11 5.17 .16 3.28 .17 3.03 .29 3.84
5 .17 5 .23 5 .10 5 .09 5 .07
6 .21 5 .23 5 .10 5 .09 5 .07
13 .45 8 .38 4 .08 3 .05 9 .12
5 .17 5 .23 5 .10 6 .11 5 .07
140 4,88 130 6.11 150 3.08 150 2.67 120 1.59
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Table 48.--Summary statistics for selected constituents
at Fort Snelling State Park,

[Early spring, March-April; late spring, May-June; summer, July-September;
u/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
Straamflow,amean

daily (ft™/s)...... 347 21,500 215 3,200 1,460 3,920
Specific

conductance

(ufem).ovenenennn.. 235 1,400 240 848 845 164
pH (units)........... 345 8.8 6.7 7.9 7.9 0.3
T erature

( Celsjus)......... 346 29.5 .0 11.5 10.25 9.5
Oxygen, dissolved

(mg/L).........c.... 339 19.3 .2 9.1 8.7 2.9
Fecal coliform

(colonies/100mL). .. 3286 14,400 0 507 60 1,600
Fecal Streptococci

(colonies/100mL). .. 107 6,800 0 458 108 1,020
Calcium, dissolved

(mg/L)........onn 106 150 45 92 90 19.4
Magnesium, dis-

solved (mg/L)...... 108 65 14 39 38 8.8
Sodium, dissolved

(mg/L).o.ovevnnnn.. 97 9.5 7.7 34 33 16.1
Potassium, dis-

solved (mg/L)...... 98 10 3.4 5.8 5.7 1.3
Alkalinity, total

(mg/L)...ovvennnnn. 109 448 115 262 260 61
Sulfate, dissolved

(mg/L)..oovvvnnnnn. 98 265 30 137 130 48
Chloride, dissolved

(€177 7 S 100 86 14 40 38 16
Solids, dissolved

(mg/L)..o.ovvvnnnnn. 92 911 281 597 590 110
Solids, suspended

[€::7-72 75 J 297 1,303 1 121 68 179
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 257 15 .04 3.4 2 3.3
Ammonia as nitrogen,

dissolved (mg/L)... 335 3.9 .05 83 .58 .75
Phosphorus, total

(mg/L)............. 247 1.3 .03 .38 .34 .19
Phosphorus, dis-

solved (mg/L)...... 131 94 <.01 25 .23 .16
Arsenic, total

(€77 5 31 6 1 3 3 1.4
Cadmium, total

(€772 7 I 33 20 <1 3 1 4.2
Chromium, total

(€77 7 IRP 31 20 <1 8 5 6.6
Lead, total (u/L).... 28 130 <1 17 4 32.5
Manganese, total

(€772 70 P 31 1,200 12 244 210 206
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and properties at Station MN-1, Minnesota River
St. Paul, Minnesota, 1967-82

fall, October-November; winter, December-February; ttals, cubic feet per second;
per liter; u/L, micrograms per liter; mL, milliliter; --, no data]

Early spring Late spring Summer Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

3,700 - 4,580 -- 1,770 == 1,130 - 650 -
701 -- 775 == 800 == 880 -- 1,000 ==
7.9 - 8.0 -- 7.9 -- 8.1 - 7.7 ~=
5.0 -- 19.5 == 24.0 == 9.0 d .5 ==

10.8 - 8.0 == 6.4 -- 11.2 == 10.0 -
24 == 102 == 176 d 77 d 5.5 ==
256 -- 312 - 137 -- 88 -, 7.0 ~-=
82 819 90 1,110 80 382 20 274 110 193
31 310 37 453 36 172 39 119 45 79.0
22 220 19 235 32 153 36 110 40 70.2
5.9 58.9 4.9 60.6 5.2 24.3 5.6 17.1 5.9 10.4
220 2,200 212 2,620 240 1,150 270 824 337 5981
130 1,300 131 1,620 110 526 120 366 141 247
23 230 26 322 38 182 51 156 45 79.0
507 5,060 557 6,890 544 2,600 602 1,840 703 1,230
120 1,200 140 1,730 77 368 80 244 9 15.8
1.9 19.0 3.4 42.0 2.8 18.4 2.8 8.54 1.4 2.46
.58 5.79 .26 3.22 .40 1.91 .50 1.52 1.3 2.28
.34 3.40 .29 3.59 .34 1.62 .32 .98 .35 .61
.24 2.40 .14 1.73 .20 .96 .24 .73 .32 .56
3 .08 4 .05 5 .02 3 .01 2 .00

2 .02 1 .01 1 .00 <1 <.01 2 .00

8 .08 5 .06 5 .02 1 .00 5 .01
21 .21 7 .08 4 .02 3 .01 4 .00
200 2.00 295 3.65 285 1.36 123 .38 180 .33
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Two things are apparent from figure 23; concentrations generally increase
by group in a downstream direction, and many constituents do not behave nor-
mally with streamflow. The causes of these phenomena are two important point
sources--the Minnesota River and the sewage-treatment plant.

The specific-conductance curve for stations above the Minnesota River
behaves in a normal inverse fashion with streamflow. However, curves for
stations below the Minnesota River show an increase in specific conductance,
even during high flow, because of the higher concentration of dissolved solids
contributed by the Minnesota River. As seen with the automatic-monitor data
(table 35), specific conductance of the Minnesota River is more than twice
that of the Mississippi River above the confluence. As streamflow subsides
in summer, specific conductance decreases at site 6F (fig. 23) -- the only
site representing the group between the Minnesota River and the treatment plant.
The decrease in specific conductance indicates a reduced percentage of Minneso-
ta River water in the total streamflow in summer at 6F. The same trend is
seen with calcium, chloride, and nitrite plus nitrate nitrogen.

Generally, the highest constituent concentrations occur below the treat-
ment plant. Water from the Minnesota River increases the concentrations in
the Mississippi River, and the treatment-plant effluent further increases the
concentrations.

The ammonia-nitrogen curve (fig. 23) for stations below the treatment
plant shows median seasonal values ranging from 0.41 to 1.2 mg/L. These
values are two to three times higher than those for upstream stations Ammo -
nia nitrogen consists of free ammonia (NH,) and ammonium ion (NHa ). Ammonia
nitrogen is of concern because of the toxicity of NH,. The relative abundance
of this form of ammonia nitrogen is dependent on pH and temperature. Using
the median seasonal values for NH +, PH, and temperature, none of the calcu-
lated NH3 values exceeded the 0.04 mg/L limit set by the Minnesota Pollution
Control Agency (1988, p. 23) for class B fisheries. However, NH3, in some
individual samples at each site below the treatment plant (sites 6H-6M) and at
site MN-1 did exceed the limit. Excessive concentrations were not observed at
site 6F or at any sites above the confluence with the Minnesota River,
indicating that dilution and/or NHQ uptake by algae keep NHjy within standards
at site 6F.

Trace elements are represented by median lead and manganese concentra-
tions in figure 23. Total lead concentrations in the Mississippi River tend
to increase below the Minnesota River and further increase below the sewage-
treatment plant, although all lead concentrations meet the Federal ambient
water quality human-health criterion. The relatively high lead concentration
in early spring at sites above the Minnesota River is not significant when one
considers the ambient human-health criterion for lead of 50 ug/L (U.S. Envi-
ronmental Protection Agency, 1986).

Total manganese concentrations are highest at site 6F in late spring and
summer because of elevated manganese concentrations in the Minnesota River.
Later in the year, when the Minnesota River has less influence on quality of
the Mississippi, manganese concentrations are highest below the treatment
plant.
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Tables 49 through 51 show correlation coefficients and regressions for
streamflow, major ions, and alkalinity for three groups of sites--those above
the Minnesota River, sites between the Minnesota River and the sewage-treat-
ment plant, and sites below the sewage-treatment plant. The only correlation
coefficient that is not significant at the 95-percent confidence level is for
potassium (table 49). The corresponding regression equation is not usable.

The regressions are valid only for those reaches of the Mississippi
River described in each table. Regressions in table 49 are for sites above
the confluence with the Minnesota River, regressions in table 50 are for sites
between the Minnesota River and the sewage-treatment plant, and regressions in
table 51 are for sites below the sewage-treatment plant.

Trends based on analyses of manually collected samples for the three
groups of sites in subbasin 6 are shown in table 52. Constituents or proper-
ties that show positive trends in all three groups are streamflow, dissolved
oxygen, sodium, sulfate, chloride, and nitrite plus nitrate nitrogen. Sodium
and chloride increases probably reflect the long-term use of road salts.
Environmental efforts in recent years to improve the water quality may have
improved conditions for dissolved oxygen. Increases in streamflow may result,
in part, from continuing urban development in the Twin Cities Metropolitan
area, and a long-term increase in precipitation. Subbasin 6 is the only
subbasin in the study area that shows a positive trend for streamflow. The
increase in nitrite plus nitrate nitrogen also may be associated with in-
creased urbanization in the metropolitan area. Expansion of urban areas
increases runoff which can be enriched with nitrogen from lawn fertilizers.
Use of commercial fertilizers also has increased in the rural areas. De-
creases In concentrations of heavy metals may result from more sensitive
analytical methods and regulation of point sources.

Trends for temperature, specific conductance, pH, and dissolved oxygen
shown by interpretation of automatic-monitor data are shown in table 53.
Instead of using the Spearman method, the Seasonal Kendall Tau method is
used to interpret these data. There are eight statistically significant
trends shown at the 0.05 significance level for a two-tailed test. These
include one temperature trend, four specific-conductance trends, and three
pH trends. Only one, specific conductance at site 6G, is considered to be
significant, because of the increasing streamflow in the Mimmesota River in
recent years. Site 6G is between the Minnesota River and the metropolitan
sewage-treatment plant.

The statistically significant decreasing trend for temperature at
site 61 demonstrates how misleading trend analyses can be. A negative trend
using monitor data is shown at 6I, but a positive trend is shown in table 52
for stations below the treatment plant that were sampled manually.

This difference in trends may be caused when trend analyses are performed
on data sets having different periods of record and different measuring fre-
quencies. Data from a daily monitor site can result in fallacious conclusions
if there are periods of missing record. Missing record generally shifts the
balance of data from one season to another, which can raise havoc with yearly
trend analyses.
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Table 49.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to
specific conductance for sites upstream from the
Minnesota River in subbasin 6

[SpC, specific conductance in microsiemens per centimeter at 25° Celsius;
ft /s, cubic feet per second; mg/L, milligrams per liter;
*, not sigificant at the 95-percent confidence level)

Correlation Standard

Constituent Number of coefficient Significence error of
or property observations Regression equation (r) of r estimate
Streamflow (Q), o o

07 TR 413 Q = 135x10%(spc) 2" -0.58 <0.001 75 percent
Calcium (Ca),

mg/L.......... 96 Ca = 0.08(SpC) + 16 .79 <.001 3.3 mg/L
Magnesium (Mg),

mg/L.......... 98 Mg = 0.04(SpC) + 3.6 .76 <.001 1.9 mg/L
Sodium (Na),

mg/L.......... 89 Na = 0.03(SpC) - 3.4 .49 <.001 3.3 mg/L
Potassium (K), w

mg/L.......... 90 K = 0.003(SpC) + 1.6 .20 .062 .9 mg/L
Alkalinity as

CaC:O3 (Alk),

mg/L.......... 94 Alk = 0.29(SpC) + 59 .75 <,001 16 mg/L
Sulfate (SO‘),

mg/L......... 92 SO" = 0.07(SpC) - 6.8 .55 <.001 7.1 mg/L
Chloride (Cl),

mg/L.......... 92 Cl = 0.03(SpC) - 1.8 .64 <.001 2.0 mg/L
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Table 50.--Results of regression analyses relating streamflow and

concentrations of selected chemical constituents to
specific conductance for sites downstream from the
Minnesota River and upstream from the Metropolitan

sewage-treatment plant in subbasin 6

(SpC, spositie conductance in microsiemens per centimeter at 25° Celsius;

ft. /s, cubic feet per second; mg/L, milligrams per liter]

Correlation Standard

Constituent Number of coefficient Significence error of
or property observations Regression equation (r) of r estimate
Stregmflow (Q), 5 1.4

/8. ... 438 Q = 385x107(SpC) ~~ -0.31 <0.001 97 percent
Calcium (Ca),

mg/L.......... 155 Ca = 0.07(SpC) + 23 .67 <.001 6.6 mg/L
Magnesium (Mg),

mg/L.......... 101 Mg = 0.04(SpC) - 0.6 .77 <,001 3.3 mg/L
Sodium (Na),

mg/L.......... 129 Na = 0.04(SpC) - 4.5 .59 <.001 5.1 mg/L
Potassium (X),

mg/L........u 127 K = 0.004(SpC) + 1.5 .36 <,001 1.0 mg/L
Alkalinity as

Cacoa (Alk),

mg/L.......... 140 Alk = 0,22(SpC) + 77 .66 <.001 22 mg/L
Sulfate (SO‘),

mg/L.......... 132 SO‘ = 0,12(SpC) - 7.4 .59 <.001 14 mg/L
Chloride (Cl),

mg/L.......... 156 Cl = 0.05(SpC) - 5.1 .66 <.001 5.0 mg/L
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Table 51.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents in
specific conductance for sites downstream from the
Metropolitan sewage-treatment plant in subbasin 6

[SpC, specific conductance in microsiemens per centimeter at 25° Celsius;
tt.als, cubic feet per second; mg/L, milligrams per liter]

Correlation Standard

Constituent Number of coefficient Significence error of
or property observations Regression equation (r) of r estimate
Streamflow (Q),

ﬂ;a/s ....... .. 802 Q= t"»t)1x1!)7(8p(:)_2’z -0.48 <0.001 89 percent
Calcium (Ca),

mg/L.......... 216 Ca = 0.06(SpC) + 29 .80 <,001 7.1 mg/L
Magnesium (Mg),

mg/L..... 139 Mg = 0.03(SpC) + 4.6 .64 <.001 3.5 mg/L
Sodium (Na),

mg/L.......... 183 Na = 0.06(SpC) - 11 . .67 <,001 6.3 mg/L
Potassium (K),

mg/L.......... 180 K = 0.004(SpC) + 1.9 .34 <.001 1.1 mg/L
Alkalinity as

CaOO3 (Alk),

mg/L.......... 194 Alk = 0.20(SpC) + 87 .70 <.001 20 mg/L
Sulfate (SO’.),

mg/L.......... 170 SO‘ = 0.08(SpC) - 4.1 .53 <,001 14 mg/L
Chloride (Cl),

mg/L.......... 228 Cl = 0.09(SpC) - 20 .72 <.001 9.2 mg/L
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Table 52.--Trends for selected constituents and properties in subbasin 6

[++ indicates increasing trend with correlation coefficient greater than 0.75; + indicates increasing
trend; - indicates decreasing trend; 0 indicates no apparent trend]

Sites between Minnesota Sites below
‘Sites above River and Metropolitan Metropolitan
Minnesota River sewage-treatment plant sewage-treatment plant
Trend for Trend for Trend for

Constituent Number of period Number of period Number of period
or property measurements of record measurements of record measurements of record
Streamflow, mean daily...... 1,175 + 972 + 1,426 +
Specific conductance........ 413 0 439 + 804 +
PH.....oiiiiiiiin e 1,235 + 963 0 1,458 0
Temperature......... P 1,176 0 951 0 1,376 +
Oxygen, dissolved........... 1,247 + 956 + 1,466 +
Fecal coliform.............. 625 - 527 0 982 -
Fecal Streptococei.......... 132 + 224 + 336 0
Calcium, dissolved.......... 218 + 259 - 373 0
Magnesium, dissolved........ 222 ++ 261 0 375 +
Sodium, dissolved........... 119 + 140 + 192 +
Potassium, dissolved........ 121 0 142 + 194 [
Alkalinity, total........... 141 0 156 0 206 0
Sulfate, dissolved.......... 124 + 142 + 182 +
Chloride, dissolved......... 155 + 168 + 270 +
Solids, suspended........... 692 - 575 - 1,046 -
Nitrite plus nitrate as

nitrogen, dissolved....... 472 + 423 + 756 +
Ammonia as nitrogen,

dissolved........... [N 657 - 541 0 1,006 -
Phosphorus, total........... 507 0 475 0 850 -
Arsenic, total.............. 46 0 97 - 151 -
Cadmium, total.............. 47 - 220 - 281 -
Chromium, total........... .. 46 0 206 0 237 0
Lead, total................. 38 1] 205 - 263 -
Manganese, total............ 48 - 214 0 265 0
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Subbasin 7
Physical Characteristics

Subbasin 7 covers an area of approximately 1,580 miZ and contains the
second largest lake, Mille Lacs Lake, in Minnesota. This lake is the source
of the Rum River, which drains the entire subbasin (fig. 24). The Rum River
is about 140 miles long and empties into the Mississippi River at Anoka. Top-
ographic relief from north to south is about 400 feet, and the average gradi-
ent of the Rum River is 2.9 ft/mi.

The northern half of subbasin 7. consists of an undulating glacial-till
plain containing numerous marshes; it is crossed by several morainal ridges.
Mille Lacs Lake was formed by the damming action of a prominent morainal ridge
that extends along the southern end of the lake basin (Minnesota Department of
Conservation, 1968, p. 284). The southern half of the watershed consists of
hills that rise above a glacial-outwash plain known as the Anoka Sand Plain.

Slate of Precambrian age forms the bedrock as far south as the lower end
of Mille Lacs Lake. From there to Princeton the bedrock consists of granitic
and metamorphic rocks of Precambrian age that crop out at the surface along
the Rum River and its tributaries. Bedrock in the area between Princeton and
Anoka is Precambrian and Cambrian sandstone and shale. Most of the bedrock
throughout the subbasin is covered by glacial deposits about 100 feet thick.

Forest (mostly hardwood) is the largest land use in the subbasin
(table 54). Most of the forested area is in the upper part of the subbasin

Table 54.--Land use in subbasin 7

Use Acres Percent of total
Cultivated 209,640 20.78
Extractive 80 0.01
Forested 316,080 31.32
Marsh 44,760 4,44
Pasture and open 268,440 26.60
Urban nonresidential 10,440 1.03

Sevelopmene. ooneial
Urban residential 17,680 1.75
Water 141,920 14.06

between Mille Lacs Lake and Milaca. Dairy farming is the principal farming
activity.
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Site 7A, Rum River near St. Francis, has been a U.S. Geological Survey
gaging station since 1929 (U.S. Geological Sugvey, 1984, p. 67). Average
streamflog through water year 1983 was 602 ft”/s. A maximum flgw of
10,100 ft”/s occurred on April 20, 1965; minimum flow was 29 ft”/s on
August 18, 1934. During the 1976-77 drought, a minimum flow of 78 ft3/s
occurred on August 25, 1977 (U.S. Geological Survey, 1977, p. 272).

Water-Quality Characteristics

Records from two primary sites and seven secondary sites have been used
to describe the quality of water in subbasin 7 (fig. 24). Most of the data at
site 7A (table 55) were collected from 1973-77 as part of a cooperative moni-
toring program between the U.S. Geological Survey and the Metropolitan Waste
Control Commission. Data at site 7B (table 56) were collected by the Minnesota
Pollution Control Agency as well as the USGS and MWCC.

Based on median values, the concentrations of heavy metals at site 7A,
except for cadmium, generally meet ambient human-health criteria (U.S. Envi-
ronmental Protection Agency, 1986). Cadmium values at site 7A probably are
higher than actual values because of a contamination problem that occurred in
the middle 1970’'s. Some samples were inadvertently contaminated by lead and
cadmium from a painted ring on vials of nitric acid used for preserving sam-
ples for analysis of metals. The lead values at site 7A, also, probably are
higher than they should be, but they still are below the Federal human-health
criterion of 50 ug/L for lead.

Figure 25 shows the seasonal median concentrations of selected constitu-
ents and properties at sites 7A and 7B. The highest streamflow occurs in the
latter part of early spring and the early part of late spring. Median specif-
ic-conductance values are similar to those at sites 1A and 1B in subbasin 1.
Median concentrations of suspended solids are highest in late spring after
most of the protective snow cover has disappeared and erosion from runoff is
greatest.

Nitrite plus nitrate nitrogen, chloride, calcium, ammonia nitrogen, and
fecal-coliform concentrations generally are higher at site 7B because of back-
water effects from the Mississippi River and a greater population density.

The distance from site 7B to the mouth is about 0.6 mile and the fall is only
4 feet.

Many ammonia-nitrogen values at site 7B were reported as less than
0.20 mg/L. Setting these values to 0.10 mg/L, or ‘halfway between 0 and the
0.20 mg/L detection limit, caused the first four seasonal medians to equal
0.10 mg/L. Ammonia nitrogen at both sites increased significantly in the
winter, however, indicating decomposition of organic matter with less loss of
ammonia to the atmosphere because of ice cover and less utilization by plants.

Dissolved-oxygen concentrations decrease in winter for much the same
reason that ammonia concentrations increase. The dissolved oxygen that is
taken up by decomposer microorganisms in winter is not readily replenished
during ice cover. Concentrations of dissolved oxygen in winter are much
higher at site 7B than at site 7A. A dam about 200 feet upstream of site 7B
near Anoka provides a mechanism for aerating the water and reducing ice cover
above and around site 7B as compared to 7A.
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Table 55.--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)...... 56 5,390 85 750 500 880
Specific

conductance

(uS/cm)...... e 56 415 140 290 290 58
pH (units)........... 56 8.8 6.7 7.8 7.8 0.4
T erature

( Celsius)......... 53 25.5 .0 9.0 4.0 9.0
Oxygen, dissolved

[€:7-7 75 J 48 14.0 3.5 9.0 9.0 2.5
Fecal coliform

(colonies/100mL)... 34 250 <1 49 20 71
Fecal Streptococci

(colonies/100mL). .. 26 520 <1 89 38 120
Calcium, dissolved

(mg/L).....coovnnn. 56 55 14 37 38 8.5
Magnesium, dis-

solved (mg/L)...... 56 18 4.6 12 12 2.6
Sodium, dissolved

[€:.7-72 % I 56 8.9 1.8 4.8 4.8 1.3
Potassium, dis-

solved (mg/L)...... 56 4.6 1.3 2.0 1.9 .6
Alkalinity, total

(mg/L)............. 55 197 51 137 140 28
Sulfate, dissolved

(mg/L).....ovvuvnnn 56 17 5.0 8.9 8.8 1.9
Chloride, dissolved

(mg/L)......... e 56 12 3.0 5.0 4.3 1.9
Solids, dissolved

(mg/L).....cvvvunn. 0 -- == -- -- --
Solids, suspended

(mg/L) . vovenennnnnn 49 72 <1 16 12 16
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 37 .98 .01 .26 .21 .22
Ammonia as nitrogen,

dissolved (mg/L)... 49 .36 .01 .10 .09 .09
Phosphorus, total .

(mg/L).....ovvvnnn. 0 -- -- -- -- --
Phosphorus, dis-

solved (mg/L)...... 52 .63 .01 .07 .04 .10
Arsenic, total

(47772 7 J 4 3 1 2 2 1
Cadmium, total

(€777 7 6 20 0 14 20 10
Chromium, total

(47777 8 B 3 <1 <1 <1 <1 <1
Lead, total (ug/L)... 2 50 2 26 26 34
Manganese, total

(47772 5 I 10 210 30 100 95 56
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at gite 7A Rum River near St. Francis, Minnesota, 1963-76

fall, October-November; winter, December-February; ttals, cubic feet per second;
per liter; ug/L, micrograms per liter; mL, milliliter; -~, no data)

Early spring Late spring Sumner Fall Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

1,160 -- 1,020 -- 400 -- 376 -- 396 -
218 - 240 -- 282 -- 282 -- 326 -~
7.6 -- 8.2 -- 8.2 -~ 8.0 -- 7.4 --
1.0 -- 16.0 -- 21.0 -- 3.0 -- .0 --
9.6 - 9.0 -- 8.7 -- 11.8 -- 5.8 --

22 -- 28 -- 30 -- 11 -- 17 --
6 -- 110 -- 84 -- 24 -- 20 --
30 94.0 32 88.1 36 38.9 38 41.0 42 44.9
9.4 29.4 10 27.5 11 11.9 12 13.0 14 15.0
3.8 11.9 4.4 12.1 4.8 5.18 5.0 5.40 5.0 5.35
2.6 8.14 1.7 4.68 1.6 1.73 1.9 2.05 2.1 2.24
110 344 121 333 125 135 140 151 154 165
8.4 26.3 7.0 19.3 7.8 8.42 9.0 9.72 9.6 10.3
3.8 11.9 4.0 11.0 6.0 4.32 4.8 5.18 4.8 5.13
8 25.0 28 77.1 15 16.2 10 10.8 4 4.28
.42 1.32 .04 A1 .10 11 .21 .23 .44 .47
.13 .41 .04 11 .02 .02 .05 .05 .17 .18
.04 .12 .03 08 .02 02 06 06 .04 04
-- ~- - -- 2 .00 2 .00 -- --
-- ~- <1 .00 20 .02 16 02 -- --
-- -- - -- <1 .00 <1 .00 - --
-- -- -- -- -- -- 26 .03 -- --
-- -- 80 .25 65 .07 120 .13 60 .06
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Table 56.--Summary statistics for selected constituents and properties

[Early spring, March-April; late spring, May-June; summer, July-September;
#S/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)...... 161 10,300 128 832 521 1,100
Specific

conductance

(uS/em)...oovevnnn 100 470 120 281 282 64
pH (units)........... 157 8.8 7.0 7.9 7.9 0.3
Temgerature

("Celsius)......... 15 25.0 .0 8.0 1.0 10.0
Oxygen, dissolved

[€:.7-72 % J 160 15.7 2.3 9.0 8.9 2.4
Fecal coliform

(colonies/100mL). .. 115 13,000 20 350 110 1,300
Fecal Streptococci

(colonies/100mL)... 9 550 9 140 110 170
Calcium, dissolved

(mg/L)......oonnnn 59 56 13 38 40 8.7
Magnesium, dis-

solved (mg/L)...... 15 19 4.8 13 13 3.3
Sodium, dissolved

(mg/L)....oovvvnnn. 58 13 2.0 6.1 6.0 2.1
Potassium, dis-

solved (mg/L)...... 57 6.9 1.0 2.3 2.0 1.1
Alkalinity, total

(4.7 72 5 2 110 310 48 141 140 33
Sulfate, dissolved

(€77 75 H 42 23 5.0 12 11 3.4
Chloride, dissolved

(€. 72 7 H 134 20 .5 6 6 3.2
Solids, dissolved

(mg/L)...covvnnnnn. 2 157 150 153 153 4.9
Solids, suspended ’

[€:.7- 72 7 I 143 94 <1 16 14 14
Nitrite plus nitrate

as nitrogen, dis-

solved (mg/L)...... 8 1.5 01 .5 36 .52
Ammonia as nitrogen,

dissolved (mg/L)... 130 .65 .10 .16 .10 .12
Phosphorus, total

(4772 7 I 119 .54 .01 .16 .14 .09
Arsenic, total

[€77-72 % I 56 5 1 5 5 1.1
Cadmium, total

[€77-97 7 I 90 20 5 7 5 2.7
Chromium, total

[€77-72 % I 5 16 3 7 5 5.2
Lead, total (ug/L)... 79 52 5 8 5 6.9
Manganese, total

[€77-72 % P 82 1,000 10 160 130 150
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at site 7B, Rum River at Anoka, Minnesota, 1953-77

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 Winter

Tons Tons Tons Tons Tons
Median per day Median per day Median per day Median per day Median per day

1,160 -- 952 -- 453 -- 410 -- 344 -

288 -- 246 -- 263 -- 274 -- 332 -
7.9 - 7.9 -- 8.0 -- 8.0 -~ 7.7 --
1.0 - 18.5 - 24.0 -- 2.5 -- .0 --
9.8 - 8.6 -- 8.0 -- 10.9 - 9.8 --
3z -- 85 -- 170 -~ 85 -~ 90 --
78 - -- - 160 -- 280 -- 14 -
36 113 a8 97.7 as 42.8 40 44.3 4 40.9
11 34.4 13 33.4 12 14.7 12 13.3 15 13.9
4.4 13.8 4.8 12.3 5.0 6.12 6.7 7.62 6.5 6.04
2.6 8.14 2.1 5.40 1.9 2.32 2.0 2.21 2.2 2.04
123 ass 130 334 132 161 144 159 165 153
11 34.4 10 25.7 10 12.2 12 13.3 12 11.1
6.1 19.1 4.7 12.1 6.0 7.34 6.2 6.86 7.2 6.69
- -- -- - 154 188 -- -- - --
8 25.0 24 61.7 23 28.1 8 8.86 3 2.7¢
1.5 4.70 = -- .01 .01 .18 .20 .70 .65
.10 .31 .10 .26 .10 .12 .10 .11 .20 .18
.14 .44 .18 ~.46 .18 .22 .13 .14 .10 .09
5 .02 5 .01 5 .01 5 .00 5 .00
5 .02 6 .02 6 .01 6 .01 6 .00
-- -- -- -- 5 .01 5 .00 -- -~
6 .02 6 .02 5 .01 5 .00 6 .00
150 .47 140 .36 140 .17 76 .08 120 .11
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Correlation coefficients and regression equations in table 57 were de-
rived from data at site 7A. Data from site 7B were not used because of back-
water effects, which, at times, resulted in the mixing of water from the Rum
River with water from the Mississippi River. The correlation coefficient for
potassium is not significant at the 95-percent confidence level, and its
regression equation should not be used. The rest of the regressions can be
used for the Rum River between St. Francis and the dam near Anoka. When using
any of the regression equations, one should be aware of the standard error of
estimate.

Trends from 1963-76 for site 7A and from 1953-77 for site 7B are shown in
table 58. Chloride, the only constituent that showed a positive trend at both
sites, reached its maximum during the 1976-77 drought, which occurred near the
end of the sampling period. Chloride concentrations may have returned to pre-
drought levels in subsequent years.

Table 59 shows areal variations in water quality in subbasin 7 in August
1969. Water discharging from Mille Lacs Lake is represented by data for the
Rum River at Vineland. Streams tributary to the Rum River probably were being
fed by ground water when sampled, as indicated by the larger dissolved-solids
concentrations. Differences in major-ion concentrations between the tributary
sites reflect differences in the drift material through which ground water
discharging to the streams flows. The only evidence of the affect of human
activities on water quality is the relatively large concentrations of dis-
solved phosphorus in water from Stanchfield Creek.

DIFFERENCES IN WATER QUALITY AMONG SUBBASINS

The study area covers an area of about 8,500 m12 and the quality of water
differs from among subbasins. Data for selected indicator constituents col-
lected in each subbasin are shown in table 60. Subbasins 1, 3, and 6 repre-
sent parts of the mainstem of the Mississippi River. Subbasin 3 also includes
the Elk River (fig. 26). Subbasins 2, 4, and 5 drain the western part of the
study area, where cultivation of crops is common, and subbasin 7 drains the
eastern part where forests and wetlands are common.

Land use, especially cultivation, can have a significant effect on water
quality. Intensive cultivation usually occurs in areas of more productive
soils like those in the western part of the study area. In these areas, rela-
tively larger amounts of many chemical constituents occur naturally in the
productive soils, but some tillage practices and chemicals commonly used on
cultivated land tend to increase concentrations of nutrients and other agri-
cultural chemicals. Urban land use affects water quality, as does industrial
and municipal water uses. In the Twin Cities area, the Metropolitan sewage-
treatment plant is a well-known cause of water-quality changes.

The concentrations in subbasin 1 are the lowest for all constituents
except fecal coliform, which is second smallest. Cultivated land comprises
41.04 percent of the total land use in subbasin 1 (table 61). This percentage
is a little less than average for the study area. The percentage of urban
land use is the lowest in the study area.
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Table 57.--Results of regression analyses relating streamflow and
concentrations of selected chemical constituents to

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

*, not significent at the 95-percent confidence level]

specific conductance at site 7A

Correlation Standaxd

Constituent Number of coefficient Signifience srror of
or property observations Regression equation (r) of r estimate
Streamflow (Q),

ﬂ'.sll. cheeaeen 56 Q= 2681108(81)0)-3'1 -0.80 <0.001 56 percent
Calcium (Ca),

mg/L.......... 56 Ca = 0.13(SpC) - 0.6 .89 <.001 3.9 mg/L
Magnesium (Mg),

mg/L.......... 56 Mg = 0.04(SpC) + 0.2 .80 <.001 1.1 mg/L
Sodium (Na),

mg/L.......... 56 Na = 0.02(SpC) - 0.5 .84 <.001 .7 mg/L
Potassium (X),

mg/L.......... 54 K = -0.001(SpC) + 2.2 -.11 *.413 .5 mg/L
Alkalinity as

c;coa (Alk),

mg/L.......... 55 Alk = 0.47(SpC) + 0.4 .93 <.001 10 mg/L
Sulfate (SO‘).

mg/L.......... 52 SO‘ = 0.02(SpC) + 3.3 .55 <.001 1.4 mg/L
Chloride (Cl),

mg/L.......... 56 Cl = 0.02(SpC) - 1.5 .68 <.001 1.4 mg/L
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Table 58.--Trends for selected constituents collected
at sites 7A and 7B on the Rum River

[++ indicates increasing trend with correlation coefficient
greater than 0.75; + indicates increasing trend; - indicates
decreasing trend; 0 indicates no apparent trend; ND, not
determined]

Number of Trend for
observations period of record
Constituent
or property 7A 7B 7A 7B
Streamflow................ 56 161 0 0
Specific conductance...... 56 100 + 0
PH. ..o 56 157 + 0
Temperature............... 37 15 0 0
Dissolved oxygen.......... 48 160 0 0
Fecal coliform............ 31 115 0 -
Fecal Streptococci........ 24 9 0 0
Calcium................... 56 59 + 0
Magnesium................. 56 15 0 0
Sodium............. .. .0.n 56 58 + 0
Potassium................. 56 57 0 0
Alkalinity................ 55 110 0 0
Sulfate.........coveevu.. 56 42 0 0
Chloride.................. 56 134 + +
Suspended solids.......... 46 143 0 -
Nitrite plus nitrate as
nitrogen................ 37 8 0 ++
Ammonia as nitrogen....... 49 130 0 +
Total phosphorus.......... 0 119 ND -
Arsenic................... 4 56 0 -
Cadmium................... 5 90 0 -
Chromium.................. 0 5 ND 0
Lead.......ciiiininnnnnnn 0 79 ND 0
Manganese................. 10 82 ++ 0
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Table 59.--Streamflow and water quality at secondary sites in subbasin 7

[ttsls, cubic feet per second; uS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams per liter;
<, less than; U.S. Geological Survey station number is in parenthesis)

West Branch
Rum River Rum River Stanchfield Rum River Seelye Brook Cedar Creek Trott Brook
at at Creek at at near near near
Vineland Princeton Springvale Cambridge St. Francis Ancka Nowthen
(05284001) (05284710) (05284950) (05285000) (05285800) (05286300) (05286800)
Constituent August 20, August 20, August 22, August 22, August 21, August 21, August 21,
or property 1969 1969 1969 1969 1969 1969 1969
Streamflow (ftals)... 121 7.8 1.8 202 2.4 2.4 5.1
Specific conductance
(uS/cm)...... PPN 204 312 452 247 358 340 437
pH (units)........... 7.6 7.6 7.8 7.5 7.6 7.8 7.6
Temperature (°C)..... 20.0 21.0 19.0 22.0 16.0 20.0 17.0
Calcium, dissolved
(mg/L)........ cenen 25 39 53 29 47 48 57
Magnesium, dissolved
[4.7-72 5 J 8.4 13 23 11 15 12 21
Sodium, dissolved
(mg/L)..cvveevunnns 3.5 5.2 12 5.2 5.2 4.5 5.4
Potassium, dissolved
(mg/L).vvevinnnenns 3.2 2.5 3.4 2.0 1.5 2.3 2.5
Alkalinity, total as
CaCO3 (mg/L)....... 99 144 240 120 170 167 233
Sulfate, dissolved
[4.7:72 ® I 7.0 12 5.3 6.3 15 11 8.2
Chloride, dissolved
(mg/L)..covvnnnnnns 3.0 5.8 7.4 3.6 6.2 3.6 2.4
Solids, dissolved
(mg/L)..ovvennnnnns 148 202 276 164 227 215 277
Nitrate, dissolved as
nitrogen (mg/L).... <0.1 0.4 <0,1 <0.1 0.2 <0.1 0.3
Phosphorus, dissolved
(472 % I <.01 .02 .14 .03 .03 .02 <.01
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Table 60.--Median concentration of selected constituents
using data from primary sites

[Fecal-coliform concentrations are in colonies per 100 milliliters.

All other concentrations are in milligrams per liter.]

Nitrite
Dissolved Ammonia plus nitrate Total Dissolved Fecal
Subbasin solids?® Sulfate nitrogen nitrogen phosphorus chloride coliform

1 182 8.8 0.10 0.14 0.06 3.4 50
2 292 30 .12 .38 .22 12 130
3 195 13 .10 .15 .09 5.0 110
4 389 54 .11 .59 .28 20 170
5 603 130 .14 .77 .37 60 490
bg 223 15 12 .33 .10 6.4 100
6 320 43 .55 .94 .22 18 230
7 186 9.3 .10 .21 .12 5.0 38
dex 328 42 .70 1.2 .21 23 92

8 pissolved solids = specific conductance x 0.65.
b Sites above the Minnesota River.
€ Sites below the Minnesota River.

d NASQAN site 6K, Mississippi River at Nininger, Minn.
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Figure 26. Principal waterways and subbasins in Hydrologic Unit 070102.
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Table 61.--Cultivated and urban land use in each subbasin’
within Accounting Unit 070102

Subbasin Percent cultivated Percent urban

1 41.04 1.97
2 54.80 2.75
3 41.82 4.01
4 61.70 2.86
5 79.86 2.02
6 22.52 37.6

7 20.78 2.78
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Subbasin 2 includes the Sauk River, which is the first tributary to the
Mississippi entering from the west side of the study area. Constituent con-
centrations are much larger in the Sauk River than in the recipient Mississip-
pi River. The larger concentrations result from cultivation of the land
surface and from the natural chemical content of prairie soils compared to
podzol soils, which occur in subbasin 1. Average flow of the Sauk River is
approximately 6 percent of that in the Mississippi. The larger concentrations
carried by the Sauk River are, therefore, quickly diluted. The result is a
slight increase in concentrations in the Mississippi River.

Concentrations of chemical constituents in the Mississippi River sub-
basin 3 generally are larger than in subbasin 1. Concentrations in sub-
basin 3 are influenced by the Sauk River and by the larger percentage of
urbanized land. The metropolitan area of St. Cloud and Sauk Rapids has
a population of 48,359 (1980) and is the major urban area in subbasin 3.

Subbasin 4 is drained by the North Fork Crow River and the Crow River.
It has the second highest percentage of cultivated land, and constituent
concentrations are relatively large (table 60). As with drainage from subba-
sin 2, drainage from the Crow River generally increases the concentrations of
constituents in the Mississippi River as evidenced by data for the upper part
of subbasin 6 (table 6). Average flow of the Crow River is about 12 percent
of the flow of the Mississippi. Therefore, there is a significant amount of
dilution that dampens the effects from the Crow River.

Subbasin 5, drained by the South Fork Crow River, in many ways is signif-
icantly different from the rest of the subbasins. Subbasin 5 is nearly 80 per-
cent cultivated, and many constituents have much larger median concentrations
than are present in any of the other subbasins (table 60). Large concentra-
tions of various constituents in samples collected in subbasin 5 have not been
present in samples from other subbasins. It appears that the quality of water
in subbasin 5 is affected by the large amount of cultivation and by point
sources of contamination.

The Mississippi River in subbasin 6 is divided into upper and lower parts
for purposes of discussion. The dividing line is at the confluence of the
Minnesota and Mississippi Rivers. The drainage area of the Minnesota River is
only 15 percent smaller than that of the Mississippi at the confluence. The
Minnesota River drains intensively cultivated farmland that extends beyond the
western border of the State, and discharge from the Minnesota has a very sig-
nificant effect on the quality of water in the Mississippi River.

The median concentrations of indicator constituents gradually increase
in the Mississippi River as each tributary enters from the west. For example,
concentrations in the upper part of subbasin 6 are 20 to 136 percent larger
than in subbasin 1 (table 62). The largest increase is in nitrite plus ni-
trate nitrogen, which increased from 0.14 to 0.33 mg/L.

The quality of water in subbasin 6 changes dramatically at the confluence
of the Minnesota and Mississippi Rivers. Concentrations of indicator constit-
uents in water from the Mississippi River increase from 43 to 358 percent from
upper subbasin 6 to lower subbasin 6. These increases are attributed mainly
to the inflow of water of lower quality from the Minnesota River. As men-
tioned earlier, constituent concentrations generally increase again below the
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Table 62.--Percent increase in median concentrations from
subbasin 1 to upper subbasin 6 and from upper
subbasin 6 to lower subbasin 6

Subbasin
Constituent
or property 1 62 6°
Mile point at subbasin midpoint........ 943 858 829
Miles between succeeding subbasins..... --- 85 29
®Dissolved solids, percent increase.... --- 22 43
Sulfate, percent increase.............. --- 70 187
Ammonia nitrogen, percent increase..... --- 20 358
Nitrite plus nitrate nitrogen,
percent increase..........cciiiunnnn --- 136 185
Total phosphorus, percent increase..... --- 67 120
Dissolved chloride, percent increase... --- 88 181
Fecal coliform, percent increase....... --- 100 130

2 Upper subbasin 6 (sites 6A-6E above the Minnesota River).
b Lower subbasin 6 (sites 6F-6M below the Minnesota River).

€ Dissolved solids = specific conductance x 0.65.
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metropolitan sewage-treatment plant. For example, the median concentration of
ammonia nitrogen at site 6F -- the sampling site below the Minnesota River but
above the treatment plant -- is 0.26 mg/L. Ammonia-nitrogen concentrations at
sites below the treatment plant range from 0.70 to 0.90 mg/L.

Subbasin 7, drained by the Rum River, has the smallest percentage of
cultivated land and has water-quality characteristics that are similar to
those of subbasin 1. This similarity is a result of the similar geology and,
more specifically, soil types (fig. 2). Unlike drainage from the western
subbasins, drainage from subbasin 7 does not appear to increase constituent
concentrations in the Mississippi River.

COMPARISON OF WATER QUALITY
AT SITE 6K, MISSISSIPPI RIVER AT NININGER,
AND UPSTREAM SUBBASINS

The third objective of this report is to assess the representativeness
of data collected at site 6K, Mississippi River at Nininger, as it pertains to
the quality of water in the study area. The data in table 60 indicate how the
quality of water at site 6K represents that of the accounting unit as a whole.

Table 60 shows that water in each subbasin has its own unique quality.
Water in subbasin 1 has the best quality in most respects. Streamflow at site
1A is about 45 percent of what it is at Nininger, which is one reason why the
quality of water at Nininger does not represent the quality of water in most
of the study area. Water in subbasin 7 is also good quality, second only to
the water in subbasin 1. Water in the western subbasins, 2, 4, and 5, contain
the highest concentrations of dissolved solids and chemical constituents
commonly associated with row-crop farming. Water in the Mississippi River
gradually worsens as it intercepts water from each of the western subbasins;
this effect is shown in subbasins 3 and the upper part of subbasin 6 that is
upstream from the Minnesota River. Downstream from the Minnesota River is the
only part of the study area where the quality of water in the study area is
represented by the data for Nininger.

From the discussions of each subbasin, three major water-quality regions
can be identified in the study area. Subbasins 2, 4, and 5 could be considered
as one region, subbasins 1, 3, 7, and upper 6 could be considered a second
region, and the lower part of subbasin 6 could be considered the third region.
By use of this scheme, it is apparent that the quality of water at site 6K
does not represent water quality in a large part of the study area. Although
the data at site 6K represent the total integration of the quality of water
leaving the study area, the data do not represent the quality of water in most
of the area.

Three sites would be needed in the study area to determine areal varia-
tions in water quality. Sites 4A, 7A, and 6K, which are the Crow River at
Rockford, Rum River near St. Francis, and the present NASQAN site, Mississippi
River at Nininger, respectively, would be appropriate sites. Sites 4A and 7A
are continuous-record stream-gaging stations. Streamflow at site 6K is deter-
mined from site 6F, a continuous-record site.
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Site 1A, Mississippi River near Royalton, needs to be retained as a
NASQAN station. Although it is located within the study area, data collected
at site 1A describe the quality of water in the accounting unit upstream from
the study area.

Sampling frequencies for monitoring programs need to be based on a combi-
nation of hydrologic-event sampling and periodic sampling. A combination is
important for obtaining as complete coverage as possible and so as to obtain
the best hydrologic assessment of the accounting unit. Sampling throughout
the range of streamflows in each month is important because a given quantity
of streamflow does not necessarily carry the same concentrations of constitu-
ents in one month as it does in another month.

In determining periodicity, many things other than data also need to be
considered, such as availability of personnel, laboratory capabilities, work-
load, and funding. A minimum of monthly sampling might be done at each of the
suggested sites to adequately assess temporal and spatial water-quality changes
in the study area over the long term.
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SUMMARY AND CONCLUSIONS

The study area includes seven subbasins in east-central Minnesota that
cover an area of 8,500 mi“. Data from the MPCA, MWCC, and U.S. Geological
Survey, indicate that selected water-quality characteristics differ signifi-
cantly between subbasins, mainly because of differences in land use. Analysis
of the data also indicate that the quality of water leaving the study area at
Hastings is affected primarily by inflow from the Minnesota River and effluent
from the Metropolitan sewage-treatment plant.

Subbasins 2, 4, and 5 in the western part of the study area, are
underlain by fertile prairie soils and have the largest percentage of
cultivation. Streams draining these subbasins have relatively large
dissolved-solids and nutrient concentrations. The largest concentration of
dissolved solids in streams are found in subbasin 5 where point-sources may
add to the existing concentrations. For example, potassium concentration was
equal to or greater than 10 mg/L in 11 different samples. A sample collected
in 1976 at site 5A had the largest potassium concentration, 170 mg/L. Two
areas in subbasin 5 where point sources of constituents appear to exist are
Buffalo Creek near Plato and South Fork Crow River at or upstream of Biscay.

Streams in subbasins 1, 3, 7, and the part of subbasin 6 upstream from
the confluence with the Minnesota River have the smallest concentrations of
dissolved constituents. The concentration of most constituents in the Missis-
sippi River increases downstream as a result of tributary inflow from the
west. The greatest water-quality change in the Mississippi River occurs in
the Twin Cities area below the confluence with the Minnesota River. There is
further deterioration in the quality of water downstream from the Metropolitan
sewage-treatment plant.

Trends over time show that concentrations of chloride, and usually sodi-
um, are increasing in all seven subbasins. Road salt applied in winter may be
a major cause of this increase. Chloride in streamflow in subbasin 7, howev-
er, reached a maximum during the 1976-77 drought, which occurred near the end
of the sampling period. Chloride concentrations have virtually returned to
predrought levels since then.

Ammonia nitrogen generally reaches its maximum yearly concentration in
winter during ice cover. Sewage effluent probably is the cause of increases
in ammonia nitrogen concentrations concurrent with increases in fecal-coliform
bacteria and decreases in dissolved oxygen.
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The quality of water in subbasin 6 changes dramatically at the confluence
of the Minnesota and Mississippi Rivers. Most chemical concentrations in-
crease by a large percentage below the mouth of the Minnesota River as a
result of the inflow of water from the Minnesota River. Chemical concentra-
tions also increase as a result of the discharge of effluent from the Metro-
politan sewage-treatment plant. The median ammonia-nitrogen concentration
at site 6F, which is upstream from the Metropolitan sewage-treatment plant,
is 0.26 mg/L; at sites downstream from the plant, median concentrations ranged
from 0.70 mg/L to 0.90 mg/L.

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