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Selected Basin Characteristics and Water-Quality
Data for the Minnesota River Basin

ABSTRACT

Selected basin characteristics and water-quality data for the Minnesota River
Basin are presented in this report as 71 maps, 22 graphs, and 8 tables. The data
were compiled as part of a four-year study to identify non-point sources of
pollution and the effect of this pollution on water quality. The maps were prepared
from geographic information system data bases. Federal, State, and local agencies,
and colleges and universities collected and assembled these data as part of the
Minnesota River Assessment Project.

INTRODUCTION

The Minnesota River drains nearly 17,000 square miles in southwestern
Minnesota and parts of eastern South Dakota, northern lowa, and southeastern
North Dakota (fig. 1). A study by the Minnesota Pollution Control Agency (MPCA)
demonstrated that the Minnesota River and its tributaries are significantly 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 riverine environment. 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 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 report presents
selected basin characteristics and water-quality data for the Minnesota River Basin
as 71 maps, 22 graphs, and 8 tables. This report was prepared by the U.S.
Geological Survey (USGS) in cooperation with the MPCA. 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 following took part in

this study:

Legislative Commission on Minnesota Resources
Minnesota Pollution Control Agency

Board of Water and Soil Resources

Gustavus Adolphus College

Mankato State University

Metropolitan Council of the Twin Cities

Metropolitan Waste Control Commission

Minnesota Department of Agriculture

Minnesota Department of Natural Resources

Minnesota Land Management Information Center

St. Olaf College

South Central Minnesota Counties Water Planning Project

U.S. Department of Agriculture, Forest Service

U.S. Department of Agriculture, Soil Conservation Service

U.S. Department of Interior, U.S. Fish and Wildlife Service

U.S. Department of Interior, U.S. Geological Survey

U.S. Environmental Protection Agency, Environmental Research
Laboratory-Duluth

University of Minnesota

University of Minnesota-Duluth

University of Wisconsin-Madison

Blue Earth County Soil and Water Conservation District
Brown County Soil and Water Conservation District
Chippewa County Soil and Water Conservation District
Cottonwood County Soil and Water Conservation District
Faribault County Soil and Water Conservation District
Kandiyohi County Soil and Water Conservation District
Lincoln County Soil and Water Conservation District
Lyon County Soil and Water Conservation District
Martin County Soil and Water Conservation District
Murray County Soil and Water Conservation District
Nicollet County Soil and Water Conservation District
Redwood County Soil and Water Conservation District
Renville County Soil and Water Conservation District
Sibley County Soil and Water Conservation District

Swift County Soil and Water Conservation District
Watonwan County Soil and Water Conservation District
Yellow Medicine County Soil and Water Conservation District



APPROACH AND METHODS

Information contained in this report is from a variety of sources. All maps were
prepared from Geographic Information System (GIS) data bases. Many of the
maps in this report are derived from a project to digitize physical information for
the State (Land Management Information Center, 1989). The data bases created
through this effort of the Land Management Information Center (LMIC) are termed
the MLMIS40 and MLMIS100 data bases. The MLMIS40 data base contains
information on Minnesota's environmental and natural-resource characteristics.
The data base contains resource-characteristic information for every 40-acre parcel
of land in the State, and uses the Public Land Survey as its reference system. Data
in MLMIS40 generally are from map sources that range in scale from 1:24,000 to
1:1,000,000. Because data compilation and entry was started in the late 1960’s, grid-
cell overlay techniques were used. More recently, data entry has been done by first
digitizing the data as vectors and then converting to a 40-acre raster grid cell. The
MLMIS40 data base was designed for use in regional and statewide planning and
was not intended to be used on a site-specific basis.

MLMIS100 is the spatially corrected 100-meter on a side grid-cell version of the
- MLMIS40 acre data base. It was created to give better geographical reference to the
40-acre data; however, the data collection unit for nearly all variables is still the 40-
acre parcel.

Information pertaining to the physical and chemical characteristics of the
Minnesota River is from data collected for this study by the MPCA and the USGS.
The 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 physical and chemical characteristic monitoring has focused on four
primary objectives:

1. Determine concentrations and loads of suspended sediment, major nutrients,
biochemical oxygen demand (BOD), and organic carbon, identify their source
areas, and identify the effects of specific source areas on water quality.

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

3. Quantify the transport of sediment and associated contaminants.

4. Identify areas of bank erosion and sediment deposition to determine the
relative significance of instream sediment loading as compared to non-point source
sediment loading from the river basin.

The sampling during 1989-90 was designed to provide information about both
areal and temporal variability in water quality. Sampling included measuring
chemical concentrations and determining sediment loads at the mouths of 10 major
tributaries so that each tributary could be ranked by the magnitude of its
contribution to the Minnesota River. Twelve mainstem water-quality sampling
sites were established (fig. 1, table 1). Mainstem water-quality sites on the
Minnesota River were established at intervals ranging from 13 to 33 miles. Twenty
one springs, selected to characterize ground-water inputs to the Minnesota River,
were sampled (fig. 1, table 2).

The sampling approach during 1991-92 was adjusted on the basis of findings
during 1989-90 to provide more detailed information about processes associated
with the origin, transport, and transformation of water-quality constituents. Seven
water-quality sampling sites (fig. 1, table 1) were added in the Blue Earth and
Redwood River Basins and sampling efforts were redirected to fully address all
four study objectives as more data were collected.

Water samples were collected from a range of streamflow conditions to
characterize the change in water quality as the streams responded to both dry and
wet conditions. Accordingly, samples were collected at all spring and stream sites
during low flow in late summer 1989, in winter 1989-90, and in late summer 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 streamflow. 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 Minnesota River at Montevideo and the
Blue Earth River at Mankato were sampled frequently throughout 1989-92 (weekly
from March through July, and monthly from August through February) to more
precisely 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 and at the Blue Earth River at Mankato. From August
1989 through September 1992, 404 water samples from streams and 36 samples
from springs were collected for chemical analysis.
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Water samples were collected and analyzed according to methods adopted by
the USGS that are described in Buchanan and Somers (1969), Fishman and
Friedman (1989), Wershaw and others (1983), Edwards and Glysson (1988), Ward
and Harr (1990), and Britton and Greeson (1989). Streams were sampled at
multiple intervals across the stream using depth-integrating samplers to obtain
samples that were representative of total stream discharge. Stream discharge was
determined for each sample to calculate chemical constituent loads. Stream
discharge was determined by current-meter measurements or derived from USGS
stream discharge gaging-station records.

Water samples and bottom-material samples were analyzed for chemical
constituents at the USGS National Water-Quality Laboratory at Arvada, Colorado.
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.

Specific conductance, pH, temperature, and dissolved-oxygen concentration
were determined 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 samples required dilution with deionized water.

Within the Minnesota River Basin 37 subbasins were selected by the MPCA for
detailed mapping and land-use surveys. These subbasins were selected to
represent a variety of non-point source pollution potentials and specific land uses.
These subbasins are shown in figure 2.

MINNESOTA RIVER BASIN

The Minnesota River drains nearly 17,000 square miles in Minnesota and parts
of eastern South Dakota, northern Iowa, and southeastern North Dakota. The
Minnesota River Basin contains 12 river basins that range in size from 700 square
miles (Redwood River Basin) to 2,090 square miles (Upper Minnesota River Basin)
(Table 3). The 12 basins in the Minnesota River Basin, as defined by the USGS and
the U.S. Water-Resources Council (U.S. Geological Survey, 1976), are shown in
figure 1. The basins were defined by height-of-land determinations from USGS
1:24,000-scale topographic maps by the Minnesota District of the USGS. GIS data
bases of basin boundaries are available from the USGS. The Minnesota River Basin
is covered by glacial deposits of Pleistocene age. Land use in the basin, except for
the Twin Cities Metropolitan Area, primarily is agricultural.

SUBBASINS IN THE MINNESOTA RIVER BASIN

The MDNR defined 1,208 basins (5 square miles and greater) as subbasins to the
12 river basins using USGS 1:24,000- and 1:62,500-scale topographic maps (Land
Management Information Center, 1989). The USGS, in cooperation with Minnesota
Department of Transportation, redelineated the subbasins defined by the MDNR
using USGS 1:24,000-scale topographic maps. The most recent maps of drainage
ditches and municipal storm sewers were used to determine basin boundaries that
had been changed because of human activities. Because of the additional
information available, basin boundaries were changed from the boundaries
established by the MDNR. The 1,186 subbasins delineated by the USGS are shown
in figure 2. The GIS data bases of the subbasins delineated by the MDNR are
available from the LMIC and those GIS data bases redelineated by the USGS are
available from the Minnesota District of the USGS.

POLITICAL AND HYDROLOGIC FEATURES

Figures 3a-14b show the political and hydrologic features of the 12 basins in the
Minnesota River Basin. The roads and streams in these figures are from digital line
graphs (U.S. Geological Survey, 1989). Only the longest stream in each subbasin is
shown. Discontinuous stream segments on maps reflect either streams that flow
into lakes or wetlands or incomplete digital line-graph data. Subbasins for which
no drainage is shown have poorly developed drainage with no discernible major
stream. County boundaries are from TIGER/Line Census Files (Bureau of the
Census, 1991). Cities with population greater than 1,000 are shown.
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BEDROCK HYDROGEOLOGY

The Minnesota River Basin is underlain by rocks that range in age from
Precambrian to Cretaceous (fig. 15). The Precambrian rocks are primarily igneous
and metamorphic. The Paleozoic and Cretaceous rocks consist primarily of
sandstone, shale, dolomite, and limestone. Geologic information on figure 15 is
based on a map published by the Minnesota Geological Survey (Kanivetsky,
1979a). The GIS data base of bedrock hydrogeology is available from LMIC. A
brief explanation of the lithology and age of each of the hydrogeologic units
(Kanivetsky, 1979a) is shown on table 4.

QUATERNARY GEOLOGY

A thick sequence of glacial deposits of Quaternary age covers bedrock in most of
the Minnesota River Basin; they were deposited by several glacial lobes during the
Pleistocene Epoch, about 15,000 years ago. The glacial deposits range from clay-
rich, poorly sorted till to well-sorted outwash consisting of sand and gravel. River
bank stability and soil erodibility can be related to the texture and physical
properties of the glacial deposits. Figure 16 is based on a map published by the
Minnesota Geological Survey (Hobbs and Goebel, 1982). A GIS data base of
Quaternary geology is available from the LMIC.
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QUATERNARY HYDROGEOLOGY

The Quaternary hydrogeologic units shown in figure 17 describe the water-
bearing characteristics of glacial drift and postglacial sediments which underlie the
Minnesota River Basin. They are defined by geologic classification, material
classification, and sustained yield rating. This figure is taken from a map prepared
by the Minnesota Geological Survey (Kanivetsky, 1979b).

The sustained yield rating is the hypothetical perpetual yield that could be
obtained by continuous pumping from an isolated well penetrating the full
thickness of a hydrogeologic unit, without irreversible depletion of the
ground-water reservoir. The sustained yield rating is an index to the
relative capacities of aquifers. It is not an estimate of the actual working
yield to be expected from any given well. Working yields for practical
periods of pumping may exceed sustained yield ratings. The sustained
yield rating is derived from estimates of the porosity, permeability and
thickness of an aquifer and the rate of ground-water recharge. Thus, the
highest sustained yield rating is for alluvium in major river valleys where
recharge from streamflow is possible. The sustained yield ratings shown in
this map are approximations within wide limits for broad areas. For some
large areas of Minnesota, hydrogeologic data are limited, and many local
variations beyond estimated limits are to be expected (Kanivetsky, 1979b).





















































































































































































































