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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congtress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

fobiet m. Heracl,

Robert M. Hirsch
Chief Hydrologist
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equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in

parts per million.
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Environmental Setting of Fixed Sites in the Western
Lake Michigan Drainages, Michigan and Wisconsin

By D.J. Sullivan, E.M. Peterson, and K.D. Richards

Abstract

This report describes selected environmental-
setting features for 11 fixed surface-water sites in
the Western Lake Michigan Drainages study unit
of the National Water-Quality Assessment Pro-
gram. The study unit, which includes 10 major
river systems draining to Lake Michigan, is
bounded on the south by the Illinois State line and
extends north to about 31 miles north of Escanaba,
Mich. The fixed sites are on the following streams:
Peshekee River, Popple River, Menominee River,
Pensaukee River, Duck Creek, Tomorrow River,
East River, Fox River, North Branch Milwaukee
River, Lincoln Creek, and Milwaukee River.
Drainage basins above these sites receive runoff
from land uses and land covers, bedrock types, and
surficial deposits representative of the main types
of each of these characteristics in the study unit.
Data types collected at the fixed sites include water
chemistry; organic compounds and trace elements
in streambed sediment and biological tissues;
algal, benthic-invertebrate, and fish communities;
and aquatic habitat. Field measurements include
water temperature, pH, specific conductance,
alkalinity, and dissolved oxygen. Results of water-
quality field measurements indicate little variation
in temperature among the fixed sites. Specific con-
ductance and alkalinity were generally higher at
sites underlain by carbonate bedrock than at sites
underlain by igneous/metamorphic bedrock. Dif-
ferences in pH among the fixed sites were less than
those for specific conductance and alkalinity, but
pH seemed to increase slightly from north to
south. Dissolved-oxygen concentration varied
more at agricultural sites than at forested and
urban sites, perhaps because of higher nutrient
inputs at agricultural sites. The information

included in this report has been assembled as ref-
erence material for ongoing studies at the fixed
sites.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began full-scale implementation of the National Water-
Quality Assessment (NAWQA) Program. The objec-
tives of the NAWQA Program are to (1) describe
current water-quality conditions for a large part of the
Nation’s freshwater streams, rivers, and aquifers,

(2) describe trends in water quality over time, and

(3) improve understanding of the primary natural and
human factors that affect water-quality conditions.
This information will be useful for planning future
management actions and examining their likely conse-
quences. In all, 60 study units are planned to begin
activities on a staggered time scale. The Western Lake
Michigan Drainages was selected as one of the first 20
study units to begin data collection and analysis in
1991.

The study-unit design for streamwater quality
includes data collection at fixed sites. Eleven fixed sites
were established in the Western Lake Michigan Drain-
ages and were sampled from March 1993 through
May 1995. During this period, data were collected on
water chemistry; organic compounds and trace ele-
ments in streambed sediment and biological tissues;
algal, benthic-invertebrate, and fish communities; and
aquatic habitat.

Purpose and Scope

The purpose of this report is to describe the loca-
tion and environmental setting of the fixed sites of the
Western Lake Michigan Drainages NAWQA study
unit. In addition, observed relations among physical
and chemical characteristics at each fixed site are
discussed. The scope of this report is limited to the 11
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fixed sites, which were sampled from March 1993
through June 1995 at selected intervals. For each fixed
site, information is given on location, streamflow, gen-
eral site characteristics, habitat, selected water-quality
measurements, physiography, land use, and surficial
deposits. This background information is assembled
here as reference material for other studies being done
in the study unit at the fixed sites.

Western Lake Michigan Drainages

The Western Lake Michigan Drainages NAWQA
study unit (fig. 1) encompasses an area draining about
19,900 mi in eastern Wisconsin and parts of the Upper
Peninsula of Michigan. The study unit, which includes
10 major river systems draining to Lake Michigan, is
bounded on the south by the Illinois State line and
extends north to about 31 mi north of Escanaba, Mich.
Many of the major natural and anthropogenic features
of the basin are described in Setmire (1991); some of
the pertinent features are repeated here. The following
rivers drain directly to Green Bay: the Escanaba and
Ford Rivers in the Upper Peninsula of Michigan; the
Menominee River, which forms much of the border
between Wisconsin and Michigan; the Oconto and
Peshtigo Rivers; and the Fox/Wolf River, the largest
system in the study unit. The Manitowoc, Sheboygan,
and Milwaukee Rivers all drain directly to the western
side of Lake Michigan.

The overall population of the study unit is
2,435,000 (1990). The major cities and their popula-
tions are Milwaukee, 636,000; Green Bay, 88,000;
Racine, 86,000; and Appleton, 59,000. About 40 per-
cent of the study area is forested, predominantly in the
northwestern part. Streams and lakes abound in this
area and offer excellent fishing, boating, and other rec-
reation. Agriculture accounts for 37 percent of the land
use in the study unit. The dairy industry is a major com-
ponent of the agricultural activities in the study unit.
About 15 percent of the land in the study unit is classi-
fied as wetlands. Lake Winnebago, a 137,000-acre lake
in the Fox River Basin, is a major surface-water feature
of the study unit. The Milwaukee River Basin in the
southeastern part of the study unit has the largest
human population.

The bedrock of the study unit consists of igneous
and metamorphic rocks in the northwest, sandstone in
the southwest, and carbonate rocks in the east. Precam-

brian crystalline rocks are exposed in the Escanaba,
Ford, Oconto, Peshtigo, Menominee, and Wolf River
Basins; Ordovician and Cambrian sandstones are
exposed in the Fox River Basin; and Silurian dolomite
is the uppermost bedrock in the Manitowoc, She-
boygan, and Milwaukee River Basins. A small area of
shale underlies the East River and the North Branch of
the Manitowoc River near the city of Green Bay.
Surficial deposits consist primarily of unconsolidated
glacial, fluvial, and eolian materials. Diagonally from
northwest to southeast (in areas of roughly one-third of
the study unit), surficial deposits are generally outwash
and ice-contact deposits, glacial lake and ground-
moraine deposits, and ground- and end-moraine depos-
its. The texture of these deposits is classified as pre-
dominantly sand or sand and gravel in the western and
northern parts of the study unit, clay in the southeast,
and loam in the northern and central areas of the study
unit. Small peat deposits are scattered throughout the
Upper Peninsula of Michigan.

ENVIRONMENTAL SETTING OF FIXED
SITES

The selected environmental setting features of the
fixed sites that are discussed in this report include
large-scale features and site-specific characteristics.
Large-scale features are bedrock geology, surficial
deposits, and land use in the watershed. Bedrock geol-
ogy was derived from “Bedrock Geologic Map of Wis-
consin” (Mudrey and others, 1982) and “Bedrock
Geology of Northern Michigan” (Reed and Daniels,
1987). A description of the texture of surficial deposits
throughout the study unit was derived from Quaternary
geologic maps, as published in “Quaternary Atlas of
the United States” by the USGS (Wisconsin part)
(Richmond and Fullerton, 1983), and from “Quater-
nary Geologic Maps of Northern Michigan” (Michigan
part) (Farrand and Bell, 1984). Land-use and land-
cover information for the study unit was obtained from
high-altitude aerial photographs taken by the USGS
during 1971-81 and manually classified according to
the system developed by Anderson and others (1976).
The drainage areas of the fixed sites were determined
by digitizing USGS 1:24,000 topographic maps. Site-
specific features of a selected stream reach near the
fixed site are the following: a general description of the
river at the fixed-site location, including appearance,
flow characteristics, and descriptions of unique fea-
tures at the site; measurement and identification of
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