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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 a specific contamination problem; 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 Congress appropriated
funds in 1986 for the USGS to begin a pilot program
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 agen-
cies. 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.

sDescribe how water quality is changing over
time.

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

This information will help support the develop-
ment and evaluation of management, regulatory, and
monitoring 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.

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 2.54 centimeter
inch (in.) 0.0254 meter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 0.004047 square kilometer
square mile (mi?) 259 hectare
square mile (miz) 2.59 square kilometer
Volume
acre-feet (acre-ft) 1233 cubic meter
cubic feet (ft%) 0.02832 cubic meter
gallon (gal) 3.785 cubic decimeter (liter)
Discharge
cubic feet per second (cfs) 0.02832 cubic meter per second
Mass
pound, avoirdupois (Ib) 0.4536 kilogram
ton, short (ton) 0.9072 metric ton
pound per acre (Ib/acre) 1.121 kilogram per hectare
ton per acre (ton/acre) 2242 metric ton per hectare
Temperature

Degrees Fahrenheit (°F) and Degrees Celsius (°C) are related by the equation: °F = 1.8 (°C) + 32

: - Chemical I

DO dissolved oxygen

NH4-N total ammonia

NO,-N nitrite nitrogen

NO;3-N nitrate nitrogen (pooled data for dissolved and total, nitrate and nitrite plus nitrate)

SRP soluble reactive phosphorus or dissolved orthophosphate

total N total nitrogen (sum of nitrite, nitrate, and total reduced nitrogen)

total P total phosphorus

TRN total reduced nitrogen (ammonia plus organic nitrogen, or total Kjeldahl nitrogen)
Water-quali .

mg/L milligrams per liter

ng/L micrograms per liter

puS/cm microsiemens per centimeter at 25 degrees Celsius

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)
—a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called

“Sea Level Datum of 1929.”
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Analysis of Nutrient and Ancillary Water-Quality Data for
Surface and Ground Water of the Willamette Basin,

Oregon, 1980—90

By Bernadine A. Bonn, Stephen R. Hinkle, Dennis A. Wentz, and Mark A. Uhrich

ABSTRACT

An analysis of historical water-quality data for
surface and ground water collected in the Willamette
and Sandy River Basins during the 1980-90 water
years was performed. For surface water, most data
were concentrated at sites on the main stem Willamette
River or near the mouths of major tributaries. All
seasons were represented. Data for nitrogen and
phosphorus species were readily available, but
simultaneously collected discharge measurements
frequently were not. Seven primary sites were used for
a quantitative analysis of nutrient data in surface
water.

At six of the seven primary sites, median
concentrations of nitrite plus nitrate and total
phosphorus were less than 0.5 milligrams per liter
(mg/L) as nitrogen (N) and 0.1 mg/L as phosphorus
(P), respectively. These concentrations were lower
than national median concentrations for basins with
similar land uses. At the Pudding River site, which
received significant point-source and agricultural
nonpoint-source inputs, median values for nitrite plus
nitrate and total phosphorus were 1.4 mg/L as N and
0.2 mg/L as P, respectively. Nitrite-plus-nitrate con-
centrations at this site were seasonally dependent, with
the highest concentrations occurring during winter.
Forested sites had significantly lower water
temperatures and nutrient concentrations than urban or
agricultural sites. Evidence of diel variations in
dissolved oxygen concentrations and pH values
suggest that, at some sites, low dissolved oxygen
concentrations may be a problem during early morning
hours in the summer.

Historical nutrient data for ground water were
limited primarily to nitrate and nitrite-plus-nitrate

determinations for wells completed in the basin-fill
and alluvial aquifer. Nitrate and nitrite-plus-nitrate
concentrations in this aquifer showed a weak inverse
relationship with depth.

INTRODUCTION

The National Water-Quality Assessment (NAW-
QA) Program of the U.S. Geological Survey (USGS)
is designed to characterize the current status and long-
term trends in water quality of most (60—70 percent) of
the Nation's utilized surface- and ground-water
resources and to provide a solid, scientific foundation
for evaluating natural and anthropogenic impacts on
these resources (Leahy and others, 1990). The program
began full implementation during water year 1991
(October 1, 1990 — September 30, 1991) when
investigations began nationwide in 20 study units—
combinations of river basins and associated aquifer
systems—including the Willamette Basin.

The watershed concept is the cornerstone of the
NAWQA design, which emphasizes integration of
surface- and ground-water systems using a nationally
consistent, multidisciplinary approach involving the
sampling and analysis of water, sediment, biota, and
habitat to provide converging lines of evidence with
regard to the assessment of water quality (Leahy and
others, 1993). To accomplish the design, the program
contains two components, each encompassing
different spatial scales. The national synthesis
component, which includes studies of pesticides and
nutrients, emphasizes comparisons among study units
at national and regional levels. The study-unit
component focuses more effort on water-quality issues
at the basin and subbasin (local) levels.



Purposes And Scope

The purposes of this report are (1) to describe the
spatial and temporal distributions of nutrient (nitrogen
and phosphorus) concentrations and water-quality
indicators (temperature, specific conductance, pH,
dissolved oxygen concentration, and suspended sedi-
ment concentration) in surface and ground water of the
Willamette and Sandy River Basins and (2) to present
preliminary conceptual models to explain these
distributions. To the extent possible, constituent
concentrations are compared to water-quality
standards established by the State of Oregon or by the
U.S. Environmental Protection Agency (USEPA), and
to concentrations that are associated with adverse
biological effects. The review period is October 1,
1979 through September 30, 1990, that is, water years
1980-90.
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DESCRIPTION OF THE WILLAMETTE
BASIN STUDY UNIT

The Willamette Basin study unit is one of 20 study
units initiated as part of the NAWQA Program during
water year 1991. It is comprised of the Willamette and
Sandy River Basins (fig. 1), and is referred to as the
Willamette Basin throughout this report. Both rivers
are tributaries of the Columbia River.

Water-quality issues of primary concern in the
Willamette Basin include biological degradation of the
aquatic ecosystems, soil erosion from changing land
use, and elevated concentrations of nutrients, synthetic
organic compounds (including pesticides), and trace
elements (Wentz and McKenzie, 1991). In addition,
the management of surface- and ground-water
resources influences water-quality conditions and

continues to be a concern in the basin. These issues are
consistent with the national synthesis concerns
described previously.

Geographic Setting

The Willamette Basin occupies about 12,000 mi2
in northwestern Oregon. It includes portions of five
ecoregions and subregions (fig.2) that are defined
primarily on the basis of land use, land surface form,
potential natural vegetation, and soils (Omernik and
Gallant, 1986; Clarke and others, 1991). The
ecoregions of the Willamette Basin are similar in areal
extent to the physiographic provinces of Fenneman
(1931).

The ecoregions of the Willamette Basin can be
aggregated into three topographic units: (1) the
Cascade Range (comprising the Western and High
Cascades ecoregions) on the east, (2) the Coast Range
on the west, and (3) the interlying Willamette Valley
(which includes the Willamette Valley Plains and
Foothills ecoregions). The Cascade Range, which is
composed of basalt, andesite, and volcanic debris,
reaches elevations of over 10,000 ft. Marine
sedimentary and associated volcanic rocks form the
Coast Range, which exceeds elevations of 4,000 ft.
The Willamette Valley is an elongated, structural and
erosional lowland surrounded by resistant volcanic and
sedimentary rocks. The valley fill consists of clastic
sediment of Tertiary and Quaternary age primarily of
alluvial and lacustrine origin.

Hydrogeology

The Willamette Basin can be divided into five
aquifer units: Tertiary and Quaternary sedimentary
deposits (basin-fill and alluvial aquifer), Columbia
River Basalt Group, Tertiary and Quaternary volcanic
rocks of the High Cascade Range, Tertiary volcanic
rocks of the Western Cascade Range, and Tertiary
rocks of the Coast Range (McFarland, 1983). For
purposes of this report, these units are classified into
three simpler groups (fig. 3): (1) basin-fill and alluvial
aquifer, (2) Columbia River basalt aquifer, and (3)
other bedrock aquifers. In the northern Willamette
River Basin, structural basins of Columbia River
Basalt Group contain portions of the basin-fill and
alluvial aquifer; the Columbia River basalt aquifer is
exposed near the edges of these structural basins.





































































































































































































































































Location of primary and nested-subbasin surface—water sites,
and ground-water wells that have nitrate data, in the

Willamette and Sandy River Basin

0
ol ——

0

s, Oregon.

EXPLANATION
Primary site——water—qualit
‘ and ﬂzw data d Y

VW Primary site-—water—quality
data only

WV Tualatin Basin nested

subbasin site——water-
quality data only

¢ Ground-water wells
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