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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. Congress 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 59 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 59 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.

ﬂM . Herae

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

Multiply By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per month (acre-ft/mo) 0.001233 cubic hectometer per month
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 2.540 centimeter
inch (in.) 254 millimeter
inch per year (in./yr) 2.540 centimeter per year
mile (mi) 1.609 kilometer
gallon per day (gal/d) 0.003785 cubic meter per day
pound, avoirdupois (ib) 0.4536 kilogram
pound per acre (Ib/acre) 1.1208 kilogram per hectare
square mile (mi%) 2.590 square kilometer

Temperature is given in degrees Celsius (°C), which can be converted to degrees
Fahrenheit (°F) by the following equation: °F=1.8(°C)+32

Vertical Datum

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

Datum of 1929.

Abbreviations

BOR, Bureau of Reclamation

DWR, California Department of Water Resources

GIRAS, Geographic Information Retrieval and Analysis System
Ib a.i., pound(s) active ingredient

NAWQA, National Water-Quality Assessment Program
NPDES, National Pollutant Discharge Elimination System
USGS, U.S. Geological Survey
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2.7 million people in the study unit, but also has the
potential to affect about 15 million people in southern
California who receive San Joaquin River water
through the California Aqueduct (see fig. 3). Coupled
with the loss of about 92 percent of the original
wetland habitat in the San Joaquin Valley, waterfowl
and aquatic life also are affected by degraded water
quality. Of the issues listed above, contamination of
water resources by pesticides and nutrients were found
to be the highest priority national water-quality issues
and are the first to be addressed by NAWQA at the
national level.

SUMMARY

The San Joaquin—Tulare Basins study unit
began, in 1991 to determine the effects of natural and
anthropogenic influences on the quality of ground
water, surface water, aquatic biology and ecology, as
part of the National Water-Quality Assessment
(NAWQA) Program.

The San Joaquin—Tulare Basins, which covers
approximately 31,200 square miles in central
California, is an area of many contrasts. The study unit
includes the western slope of the Sierra Nevada to the
east, the San Joaquin Valley, and the eastern slope of
the Coast Ranges to the west. Altitudes vary greatly
from near sea level in the San Joaquin Valley to a
maximum altitude of 14,495 feet above sea level at
Mount Whitney, which is the highest point in the
conterminous United States.

The San Joaquin Valley has an arid-to-semiarid
climate that is characterized by hot summers and mild
winters. The eastern slopes of the Coast Ranges and
the valley are in the rain shadow of the Coast Ranges.
The western slopes of the Sierra Nevada receives
heavy precipitation, as rain and snow, from the warm,
moist air masses from the Pacific Ocean. Annual
precipitation in the study unit is highly variable.
Similarly, water availability is also highly variable.
Based on the state of California water-year classifica-
tion system, there were seven wet years, three above
normal, three dry, and eight critical years between
1972 and 1992.

The San Joaquin River receives water from
tributaries draining the Sierra Nevada and Coast
Ranges, and except for streams discharging directly to
the Sacramento—San Joaquin Delta, is the only
surface-water outlet from the study unit. The surface-
water hydrology of the San Joaquin—Tulare Basins

study unit has been significantly modified by develop-
ment of water resources. Almost every major river
entering the valley from the Sierra Nevada has one or
more reservoirs. Almost every tributary and drainage
into the San Joaquin River has been altered by a
network of canals, drains, and wasteways.

The negative effect of historical changes in land
and water use on aquatic biota are most evident when
considering the status of the chinook salmon popula-
tions. Before large-scale water development and
habitat modification, the salmon population was
estimated at 300,000 to 500,000 fish. In 19891990
less than 3,500 salmon were present in the drainage.
Spring-run chinook salmon were eradicated when
dams denied them access to cold water pools in
upstream areas where they over-summered before
spawning in the fall.

The aquifer system of the San Joaquin—Tulare
Basins study unit is contained within the southern two-
thirds of the Central Valley aquifer system. The aquifer
system is made up of Post-Eocene continental rocks
and deposits, which contain most of the fresh water in
the valley. Two concepts of the aquifer system have
been developed, based on the role of the fine-grained
lenses on regional flow: (1) an unconfined to semi-
confined upper zone separated from a lower confined
zone by the Corcoran Clay Member of the Tulare
Formation; and (2) a single heterogeneous aquifer
with varying vertical leakance and confinement.
Regardless of the role of the Corcoran Clay Member
in the physical flow system, the contrasts in water
chemistry above and below the clay make it an
important marker.

Development of the aquifer system began about
1880. Initially, an extensive surface water system was
already in place, so ground water provided only a
small part of the irrigation water. Eventually, ground-
water withdrawal in the Central Valley increased to
11.5 million acre-feet annually in the 1960s and
1970s, providing about half of the irrigation water. The
proportion between surface water and ground water
used for irrigation varied substantially from wet to dry
years. During wet years, inexpensive surface water
was used for irrigation; during dry years, ground water
predominated.

The bedrock of the Sierra Nevada is primarily
granitic. Due to the low solubility of the quartz and
feldspars that make up the bulk of these rocks and
soils, runoff and snowmelt from the Sierra Nevada
have low concentrations of dissolved solids. In
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contrast, rocks and sediments of the Coast Ranges in
the western part of the study unit contain highly
soluble minerals. Of particular importance are marine
sedimentary formations with soluble calcium, sodium,
and magnesium sulfates, and elevated concentrations
of various nitrogen-containing compounds and trace
elements. Runoff from the Coast Ranges is sparse, and
most of the surface water entering the hydrologic
system in the study unit is from the Sierra Nevada and,
therefore, generally low in dissolved solids.

The foothills and mountains are covered by
rangeland and forests, which are relatively free of
anthropogenic influences. In contrast, the San Joaquin
Valley is dominated by agricultural land use, which
utilized approximately 14.7 million acre-feet of water,
and 597 million pounds active ingredient of nitrogen
and phosphorus fertilizers in 1990 and 88 million
pounds active ingredient of pesticide in 1991. In
addition, the livestock industry contributed 318
million pounds active ingredient of nitrogen and
phosphorus from manure in 1987.

Irrigation has a large effect on both surface- and
ground-water quality because of the large amount of
land and water devoted to agriculture. Irrigation return
water which reaches surface water and ground water
can contain high concentrations of dissolved solids,
nutrients, pesticide residues, and trace elements.

The description of the environmental features of
the study unit and the possible influences on the water
quality in this report, provides background
information needed for linking water quality to
environmental processes. This, along with the other
studies conducted as part of NAWQA, will be of
fundamental importance to water-resource managers,
planners, and policy makers for strong and unbiased
decision-making. By guiding research, monitoring,
and regulatory activities, information from NAWQA
will contribute to the process of improving the nation’s
water quality.
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