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Abstract

The Minnesota River, 10 major tributaries, and 21 springs were sampled to determine the sources and transport of
sediment, nutrients, and oxygen-demanding substances. The study was part of a four-year assessment of non-point
source pollution in the Minnesota River Basin. Runoff from tributary watersheds was identified as the primary source
of suspended sediment and nutrients in the Minnesota River mainstem. Suspended-sediment, phosphorus, and nitrate
concentrations were elevated in all major tributaries during runoff, but tributaries in the south-central and eastern part
of the basin produce the highest annual loading to the mainstem because of higher annual precipitation and runoff in
that part of the basin. Particle-size analyses showed that most of the suspended sediment in transport consisted of silt-
and clay-size material. Phosphorus enrichment was indicated throughout the mainstem by total phosphorus
concentrations that ranged from 0.04 to 0.48 mg/L with a median value of 0.22 mg/L, and an interquartile range of 0.15
t0 0.29 mg/L. Nitrate concentrations periodically exceeded drinking water standards in tributaries draining the south-
central and eastern part of the basin. Oxygen demand was most elevated during periods of summer low flow.
Correlations between levels of biochemical oxygen demand and levels of algal productivity suggest that algal biomass
comprises much of the oxygen-demanding material in the mainstem. Transport of sediment, nutrients, and organic
carbon within the mainstem was found to be conservative, with nearly all tributary inputs being transported downstream.
Uptake and utilization of nitrate and orthophosphorus was indicated during low flow, but at normal and high flow, inputs
of these constituents greatly exceeded biological utilization.

Introduction

The Minnesota River drains nearly 17,000 square
miles in southwestern Minnesota and parts of eastern
South Dakota, northern Iowa, and southeastern North
Dakota (fig. 1). A study by the Minnesota Pollution
Control Agency (MPCA) demonstrated that the
Minnesota River and its tributaries are affected by non-
point source pollution (Minnesota Pollution Control
Agency, 1982). High concentrations of suspended solids,
nitrate, phosphorus, and fecal coliform bacteria impair
industrial, domestic, and recreational use of the river, as
well as the esthetics of the river. A waste-load allocation
study in the Lower Minnesota River Basin (Minnesota
Pollution Control Agency, 1985) identified a need for a
basin-wide program to control surface-runoff related
non-point source pollutants.

The MPCA coordinated a multiagency effort to study
the Minnesota River and its tributaries. The Minnesota
River Assessment Project (MRAP) was a four-year study
(1989-92) to assess the potential for non-point source
pollution, to inventory information about physical
characteristics of the basin, and to identify areas of non-
point source pollution and the effect of non-point source
pollution on water quality. This was done by (1) physical
and chemical monitoring, (2) biological and toxicological
monitoring, and (3) land-use assessment. This project
was initiated by the Minnesota Legislature as
recommended by the Legislative Commission on
Minnesota Resources (LCMR). The MPCA was
delegated the responsibility to manage this project.
Federal, State, and local agencies, and colleges and
universities collected and assembled data. The U.S.
Geological Survey (USGS), in cooperation with the
MPCA and the LCMR, monitored selected physical

characteristics and chemical constituents of river water as
part of the study.

The specific objectives of the USGS efforts were to:

1. Identify source areas of suspended sediment, major
nutrients, biochemical oxygen demand (BOD), and
organic carbon in the Minnesota River, and the effects of
specific source areas on water quality in the Minnesota
River.

2. Determine the relation of suspended sediment to
major nutrients, BOD, algal productivity, and organic
carbon in the Minnesota River.

3. Quantify the transport of sediment, nutrients, and
oxygen-demanding substances in the Minnesota River.

4. Identify areas of bank and bed erosion and sediment
deposition to determine the relative significance of
instream sediment sources and non-point sources in the
Minnesota River Basin.

Purpose and Scope

This report presents the findings of the physical and
chemical monitoring of the Minnesota River.
Information pertaining to the physical and chemicat
characteristics of the river is from data collected for this
study by the MPCA and the USGS. A discussion of the
results of physical and chemical monitoring relative to
each of the study objectives is presented in this report.
This report describes the hydrologic setting of the
Minnesota River Basin, identifies source areas of
sediment, nutrients, and oxygen-demanding substances,
and quantifies transport of these constituents in the
Minnesota River and its major tributaries.



Approach and Methods

The water sampling approach during 1989-90 was
designed to provide information about both areal and
temporal variability in water quality. Twelve mainstem
water-quality sampling sites were established on the
Minnesota River at intervals ranging from 13 to 33 miles.
Water sampling included measuring suspended-sediment
and chemical concentrations at the mouths of 10 major
streams that are tributaries to the Minnesota River.
Twenty-one springs, selected to characterize ground-
water inputs to the Minnesota River, also were sampled.

Water samples were collected over a range of stream
discharge conditions to characterize the change in water
quality as the streams responded to both dry and wet
conditions. Accordingly, water samples were collected at
all spring and stream sites during low stream discharge in
late summer (August 1989), in winter (January-February

1990), and in late summer (August 1990). These samples
were collected during a short time period (2-3 weeks),
progressing from upstream to downstream to obtain a
synoptic appraisal of water quality during low stream
discharge. Samples were collected at selected tributary
and mainstem water-quality sampling sites during
snowmelt (March-April) and during runoff from summer
rainfall (May-July).

The water sampling approach was modified during
1991-92 to provide more detailed information about the
origin, transport, and transformation of water-quality
constituents. Seven water-quality sampling sites were
added in the Blue Earth and Redwood River Basins and
sampling efforts were redirected to address the study
objectives as more data were collected. The locations of
all water-quality sampling sites are shown on figure 1 and
listed in tables 1 and 2.

Table 1.--Stream water-quality sampling sites for the Minnesota River Assessment Project

Site
identification USGS Distance upstream from
number identification mouth of the Minnesota
(figure 1) number Stream Site River, in miles

1 05301000 Minnesota River near Lac qui Parle, Minn. 288
2 05305400 Chippewa River at Montevideo, Minn.

3 05311000 Minnesota River at Montevideo, Minn. 27
4 05313510 Yellow Medicine River on Highway 67 near Granite Falls, Minn.

5 05314550 Hawk Creek at mouth near Sacred Heart, Minn.

6 05314560 Minnesota River near Sacred Heart, Minn. 238
7 05314740 Minnesota River near Delhi, Minn, 219
8 05316470 Redwood River near Seaforth, Minn.

9 05316490 Judicial Ditch 5 near Redwood Falls, Minn.

10 05316500 Redwood River near Redwood Falls, Minn.

11 05316541 Redwood River below Ramsey Creek at Redwood Falls, Minn.

12 05316580 Minnesota River at Morton, Minn. 203
13 05316685 Minnesota River near Fairfax, Minn. 176
14 05316760 Minnesota River near New Ulm, Minn. 151
15 05317000 Cottonwood River near New Ulm, Minn.

16 05317250 Minnesota River at Courtland, Minn. 134
17 05317500 Minnesota River at Judson, Minn. 120
18 05318135 Blue Earth River above South Creek near Winnebago, Minn.

19 05318140 South Creek near Winnebago, Minn.
20 05318141 Blue Earth River at County Road 5 near Winnebago, Minn.
21 05318290 Blue Earth River near Good Thunder, Minn.

22 05319500 Watonwan River near Garden City, Minn.
23 05320500 Le Sueur River near Rapidan, Minn.
24 05322000 Blue Earth River at Mankato, Minn.
25 05325000 Minnesota River at Mankato, Minn. 107
26 05325200 Minnesota River at St. Peter, Minn. 91
27 05326400 Rush River near Henderson, Minn.

28 05326450 Minnesota River at Henderson, Minn. 67
29 05327000 High Island Creek near Henderson, Minn.




Table 2.--Spring water-quality sampling sites for the Minnesota River Assessment Project

Site identification USGS identification
(figure 1) number Spring

D 444750095332001 Baker Spring near Granite Falls, Minn,
P 441827093573301 Seepage face at St. Peter, Minn.
C 445425095402301 Seepage face at Wehrspann Spring, near Montevideo Minn.
G 443631095094801 Seepage Cedar Rock Spring near Delhi, Minn.
F 443921095203301 Boiling Spring near Belview, Minn.
A 450026095514001 Seepage face at Baldwin Farm near Lac qui Parle, Minn.
U 444132093383201 Seepage face near Jordan, Minn.
R 442204093532301 Rogers Creek Spring near St. Peter, Minn.
K 441636094272701 Flandrau Spring at New Ulm, Minn.
L 441531094203001 Courtland Bridge Spring near Courtland, Minn,
N 440230094101001 Birr Spring near Garden City, Minn.
H 443317095073401 Redwood Spring near Redwood Falls, Minn.
Q 442006093545601 Paulson Spring near St Peter, Minn.
T 443418093552201 Seepage face at High Island Creek Spring near Henderson, Minn.
J 442859094490301 Peterson Spring near Fairfax, Minn.
B 445630095462101 Seepage at Envoldsen Farm near Montevideo, Minn.
E 444413095251701 Seepage face at Hawk Creek Spring near Sacred Heart, Minn.
I 443110094530001 Seepage face at Franklin Spring near Franklin, Minn.
S 443129093530501 Spring near Henderson Station, Minn.
o 440558094072301 Davis Hole Spring near Rapidan, Minn.
M 441206094115101 Seepage face at Spring near Judson, Minn.

The Minnesota River at Montevideo (site 3) and the
Blue Earth River at Mankato (site 24) were sampled
frequently throughout 1989-92 (weekly from March
through July, and monthly from August through
February) to determine short-term changes in water
quality. Suspended-sediment samples were collected
daily from March through November 1989-92 at the
Minnesota River at Mankato (site 25) and at the Blue
Earth River at Mankato (site 24). During the course of the
study (August 1989 through September 1992), 404 water
samples from streams and 36 water samples from springs
were collected for chemical analysis.

‘Water samples were collected according to methods
adopted by the USGS that are described by Buchanan and
Somers (1969), Edwards and Glysson (1988), Ward and
Harr (1990), and Britton and Greeson (1989). Streams
were sampled using an equal-width increment (EWT)
method across the stream using discharge weighting
samplers to obtain water samples that were representative
of total stream discharge. Stream discharge was
determined at the time of each sample to calculate
constituent loads. Stream discharge was determined by
current-meter measurements or derived from stage-
discharge relations at USGS gaging stations at or near the
sampling sites.

Water samples and bottom-material samples were
analyzed for chemical constituents at the USGS National
Water-Quality Laboratory at Arvada, Colorado using
methods described by Fishman and Friedman (1989),
Wershaw and others (1983), and Britton and Greeson
(1989). Water samples for suspended-sediment
concentrations and particle-size determinations for
suspended sediment, and bottom material were analyzed
by the USGS Sediment Laboratory at Iowa City, Iowa
using methods described by Guy (1969).

Specific conductance, pH, temperature, and dissolved-
oxygen concentration were measured in the field using
portable meters that were calibrated at the beginning and
end of each sampling day. Five-day BOD and bacteria
counts were determined in field laboratories. BOD
analyses were performed on natural (unseeded) water
samples; some water samples required dilution with
deionized water.

Physical properties and chemical constituents sampled
and analyzed for this study are shown in table 3. Data
collected during this study are published in Water
Resources Data for Minnesota (Gunard and others, 1989,
1990, 1991, 1992, and in press).



Table 3.--Physical properties and chemical constituents determined for water
samples collected in the Minnesota River Basin, August 1989-September 1992
[ﬁ3/s. cubic foot per second; umhos/cm, micromhos per centimeter; °C, degrees Celsius; mg/L, milligrams per liter;
col/100ml, colonies per 100 milliliters; mg/kg, milligrams per kilogram; pg/L., micrograms per liter; mm, millimeter; NA, not applicable)

Constituent or physical property Reporting unit Minimum reporting level
Discharge, instantaneous, stream ft3ls 0.01ft3/s
Specific conductance (micromhos/cm at 25°C) micromhos/cm 1 pmhosfcm
pH units 0.1 unit
‘Water temperature °C 0.1°C
Dissolved oxygen (DO) mg/L 0.1 mg/L
Chemical oxygen demand (COD) mg/L 10mg/L
Biochemical oxygen demand, five-day at 20°C (BOD) mg/L 0.1 mg/L.
Coliform, fecal, membrane filter col/100 ml 1/100 ml
Streptococci, fecal, membrane filter, KF agar bacteria col/100 ml 1/100 ml
Residue total (total suspended solids) mg/L 1 mg/L
Residue volatile (total volatile suspended solids) mg/L 1mg/L
Nitrite, total as N mg/L 0.01 mg/L
Nitrite, dissolved as N mg/L 0.01 mg/l
Nitrite plus nitrate, total as N mg/L 0.01 mg/LL
Nitrite plus nitrate, dissolved as N mg/L 0.05 mg/L
Nitrite plus nitrate, total in bottom material as N mg/kg 2.0mg/L
Nitrogen, ammonia, total as N mg/L 0.01 mg/L.
Nitrogen, ammonia, dissolved as N mg/L 0.01 mg/L.
Nitrogen, ammonia, in bottom material as N mg/kg 0.2 mg/L.
Nitrogen, ammonia plus organic, total as N mg/L 0.1 mg/L.
Nitrogen, ammonia plus organic, dissolved as N ’ mg/L 0.2 mg/L
Nitrogen, ammonia plus organic, in bottom material as N mg/kg 20 mg/kg
Phosphorus, total as P mg/L 0.01 mg/L.
Phosphorus, dissolved as P mg/L 0.01 mg/L.
Phosphorus, total ortho as P mg/L 0.01 mg/L.
Phosphorus, dissolved ortho as P mg/L 0.01 mg/L.
Phosphorus, total in bottom material as P mg/kg 40 mg/kg
Dissolved organic carbon mg/L. 0.1 mg/L.
Carbon, organic suspended as C mg/L 0.1 mg/L
Carbon, inorganic in bottom material as C gm/kg 0.1 gm/kg
Carbon, total in bottom material as C gm/kg 0.1 gm/kg
Chlorophyll a us/L 0.1 ug/L
Chlorophyll b ug/L 0.1 ug/L
Sediment, suspended, concentration mg/L 1.0 ug/L
Sediment, suspended, fall diameter, percent finer than 2.00 mm percent NA
Sediment, suspended, fall diameter, percent finer than 1.00 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.500 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.250 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.125 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.062 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.031 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.016 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.008 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.004 mm percent NA
Sediment, suspended, fall diameter, percent finer than 0.002 mm percent NA
Sediment, suspended, sieve diameter, percent finer than 0.062 mm percent NA




























































































































The west to east increase in nitrate concentration
correlates with the west to east increase in rainfall and
runoff. This relation, along with the increases in nitrate
concentration that accompany increases in stream
discharge, indicate that the movement of nitrate is closely
tied to the movement of water. Examination of data from
multiple samples collected during runoff periods showed
that nitrate concentrations, unlike suspended-sediment
and phosphorus concentrations, reach a maximum after
the stream discharge has peaked. Stream discharge
during this part of the runoff hydrograph is predominantly
derived from subsurface drainage water delivered by
ditches and tiles. This suggests that much of the nitrate is
reaching the streams through a shallow subsurface
pathway. Randall and others (1986) reported average
nitrate concentrations that ranged from 16 to 172 mg/L in
tiles draining shallow ground water at agricultural
experiment stations located in the Minnesota River Basin.

Data collected during the first year of study indicated
that nitrate loads in the Blue Earth River were high,
exceeding 100 tons/d at times. These data suggested that
the Blue Earth River (site 24) might be contributing a
large proportion of the total nitrate load in the Minnesota
River at Mankato (site 25). Both sites were sampled on
a weekly basis from April 15-July 31, 1991, so that loads
in bothrivers could be estimated and compared. The Blue
Earth River (site 24) contributed 47 percent of the stream
discharge and 69 percent of the nitrate load in the
Minnesota River at Mankato (site 25) during April 15-
July 31, 1991.

Part of the nitrogen in transport in Minnesota River
Basin streams is in the form of ammonia. Water samples
collected for this study were routinely analyzed for
ammonia because the un-ionized form of ammonia (NH,)
can be toxic to aquatic life. The percentage of un-ionized
ammonia increases with increasing temperature and
increasing pH. Total ammonia (NH; plus NH,) was less
than 0.1 mg/L in most of the water samples collected from
April to November. Total ammonia concentrations less
than 0.1 mg/L, in combination with the stream
temperatures and pH measured during April through
November, indicate that un-ionized ammonia levels
would not pose a threat to aquatic life. During winter and
the early part of the spring snowmelt, total ammonia
concentrations are much higher, typically between 0.1-
1.0mg/L. The potential toxicity posed by these elevated
winter and early-spring ammonia concentrations is
reduced, however, because low (<5°C) stream
temperatures during these periods reduce the amount of
ammonia that is present in the un-ionized form.
Evaluation of 382 analyses for total ammonia in water
samples collected during this study showed that only two
samples had un-ionized ammonia concentrations at or
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greater than the 0.04 mg/L standard established by the
Minnesota Pollution Control Agency (1990). One of
these water samples was collected less than 500 feet
downstream from aknown point source of ammonia. The
other sample, collected from the Minnesota River at
Mankato (site 25) during spring snowmelt, had a
calculated un-ionized ammonia concentration of 0.04

mg/L.

Oxygen-Demanding Substances

Dissolved oxygen is required for the survival of the
higher forms of aquatic life. The oxygen concentration in
a surface-water body is a dynamic indicator of the balance
between oxygen-consuming and oxygen-producing
processes at the moment of sampling (Hem, 1985). The
processes that consume oxygen are often biologically
mediated, and typically involve bacterial processing of
organic matter. This study investigated the oxygen-
demand process by collecting water samples for the
determination of biochemical oxygen demand (BOD) and
chemical oxygen demand (COD). In addition, the
amount of organic material was assessed by analyzing
samples for organic carbon content in both dissolved and
suspended forms. Water samples also were analyzed for
fecal coliform and fecal Streptococcus bacteria, which
are indicators of the presence of human and animal waste.,
Fecal wastes are oxygen-demanding substances,

BOD determinations are measurements of the amount
of oxygen consumed in a specified time period. BOD
concentrations vary with the amount of organic material
and oxygen-consuming organisms present at the time of
sampling. Monitoring of BOD that includes several
seasons and various flow conditions can be useful for
determining a characteristic BOD level for a stream. In
this study, 152 BOD determinations were made from
water samples collected at the mainstem sites. The mean
BOD concentration in the mainstem was 5.3 mg/L and the
median value was 4.6 mg/L (fig. 12). These values are
similar to BOD concentrations determined from long-
term monitoring of the Minnesota River at Shakopee
(Minnesota Pollution Control Agency, 1985). Median
BOD values at Shakopee from 1971-80 were 3.1 mg/L
December-March, 5.2 mg/L April-May, 6.1 mg/L. June-
September, and 5.6 mg/L October-November.

These data indicate that a typical BOD concentrationin
the Minnesota River is about 5.0 mg/L. If5.0mg/L BOD
is taken as an approximate norm, then 7.5 mg/L BOD
would represent a 50 percent increase in oxygen demand.
Using a level of 7.5 mg/L as an indicator of elevated
BOD, the mainstem BOD data from this study were
evaluated to determine if elevated BOD levels were
associated with any particular time periods or river



reaches. Sixteen percent of the mainstem BOD
concentrations were greater than 7.5 mg/L. All of the
values above 7.5 mg/L occurred during either early stages
of the spring snowmelt or during August.

The elevated BOD values measured during August
coincided with periods of elevated algal productivity.
Algal productivity was high in the samples that had
elevated BOD, as indicated by chlorophyli a
concentrations that exceeded 50 ug/L.. Asalgal cellsdie,
the decomposition process causes oxygen demand. The
relation of BOD to algal productivity was evaluated by
use of both parametric (Pearson) and nonparametric
(Spearman) correlations (tabs. 8-14).

Correlation coefficients measure the strength of
association between two variables, but a correlation
between two variables does not necessarily provide
evidence of a causal relationship between the two
variables. One variable may be caused by the other, but
they may also be correlated because they both share the
same cause (Helsel and Hirsch, 1992). Data from
mainstem sites were evaluated as a whole (tab. 8),
seasonally (tabs. 9, 12, 13, and 14), and by mainstem
segment (tabs. 10 and 11). Correlation coefficients
referred to in the following discussion are Spearman
coefficients unless otherwise specified. An evaluation of
data from all mainstem sites for all seasons (tab. 8)
showed that there was a significant correlation between
BOD and the amount of algal productivity at the time of
sampling. The Spearman correlation, for example,
showed a significant (correlation coefficient = 0.65, p =
0.0001) correlation between BOD and chlorophyll a.
Algal productivity, however, generally does not reach
elevated levels until late spring. The data were evaluated
to determine if BOD and algal productivity were more
highly correlated during the seasons when algal growth
was elevated. The correlation between BOD and algal
productivity increased (correlation coefficient=0.77,p=
0.0001) when data from only late spring and summer
(May-September 1989-92) were evaluated for all sites
(tab. 9). The correlation between BOD and algal
productivity was strongest for the data collected during
May-September 1989-92 in the reach of the mainstem
from Judson (site 17) to Henderson (site 28) (correlation
coefficient=0.91, p=0.0001) (tab. 10). Algal growthand
BOD were also highly correlated during May-September
1989-92 in the reach from Lac qui Parle (site 1) to
Courtland (site 16) (correlation coefficient = 0.68, p =
0.0001) (tab. 11). BOD and chlorophyll a concentrations
were not correlated (correlation coefficient = 0.28, p =
0.2370) in samples collected during February-March, a
period of generally low algal productivity (tab. 12).

46

All of the elevated BOD values (>7.5 mg/L) associated
with early-spring snowmelt occurred during 1990. The
Minnesota River was at low flow during the winter of
1989-90 due to the drought of 1988-89. Stream discharge
during March of 1990 was below normal because of little
snow. Stagnant water had accumulated under ice in the
small streams and drainage ditches during winter 1989-
90. It was initially hypothesized that the elevated BOD
was caused by the presence of dissolved organic matter
and ammonia, both of which were above median values
during January through March 1990. During January
through March 1990, BOD was not correlated with
ammonia or dissolved organic carbon (tab. 13), but was
correlated with suspended organic carbon (correlation
coefficient = 0.72, p = 0.0001). This carrelation is
consistent with analysis of data collected during all years
of the study, which showed that BOD was most highly
correlated with suspended organic carbon during October
through April 1989-92 (tab. 14).

Suspended-organic carbon is a measure of the amount
of particulate carbon that originated as plant or animal
matter. It is a measure of the carbon in living cells such
as algae and italso is a measure of the carbon in nonliving
plant and animal matter such as crop residue, tree leaves,
and algal cells that have died but remain in transport in a
stream. Chlorophyll g is a measure of only that plant
material which is living, primarily algal cells in aquatic
systems. Analysis of the data showed that BOD was
significantly correlated with suspended organic carbon
whether the data were examined as a whole or examined
by season. During May through September, when algal
productivity is elevated, BOD was more strongly
correlated with chlorophyll g than with suspended
organic carbon (tab. 9). During October through April,
when algal productivity was typically lower than it was
during May through September, BOD was more strongly
correlated with suspended-organic carbon (correlation
coefficient = 0,70, p = 0.0001) (tab. 14) than it was with
chlorophyll a (correlation coefficient = 0.49, p = 0.0003)
(tab. 14). These correlations suggest that the primary
oxygen-demanding material during May through
September is instream-generated algae. Nonliving
particulate organic matter exerts more of the oxygen
demand during October through April.

The amount of oxygen-demanding substances also
was investigated by sampling and analyzing for COD.
The COD determination is a measure of all oxidizable
material present in the water sample, whereas the BOD
determination primarily measures oxygen consumed by
biological processes during afive-day incubation at 20°C.
An examination of the data showed that COD, unlike
BOD, was not highly correlated with suspended-organic
carbon or chlorophyll g (tabs. 8-14).
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