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FOREWORD

The mission of the U.S. Geological Survey * Improve understanding of the primary
(USGS) is to assess the quantity and quality of the natural and human factors that affect
earth resources of the Nation and to provide informa- water-quality conditions.

tion that will assist resource managers and policymakyp.« information will help support the development

Srs at FedeAraI, State, anoilz local IeveI? in malt;l_hg SOUNG g evaluation of management, regulatory, and moni-
ecisions. Assessment of water-quality conditions an(toring decisions by other Federal, State, and local

trends is an important part of this overall mission. a1 cies to protect, use, and enhance water resources.
One of the greatest challenges faced by water-

resources scientists is acquiring reliable information The goals of the NAWQA Program are being

that will guide the use and protection of the Nation’s achieved through ongoing and proposed investigations

water resources. That challenge is being addressed hof 60 of the Nation’s most important river basins and

Federal, State, interstate, and local water-resource aquifer systems, which are referred to as study units.

agencies and by many academic institutions. These These study units are distributed throughout the

organizations are collecting water-quality data fora Nation and cover a diversity of hydrogeologic settings.

host of purposes that include: compliance with permitsMore than two-thirds of the Nation’s freshwater use

and water-supply standards; development of remediaoccurs within the 60 study units and more than two-

tion plans for specific contamination problems; opera-thirds of the people served by public water-supply sys-

tional decisions on industrial, wastewater, or water- tems live within their boundaries.

supply facilities; and research on factors that affect

yv?ter quality. An add!gonaltJnegd for m@tﬁr-quglltyl aggregation of comparable information obtained from
n grmatl_tlon IISI to plrovll_ € 3 asis onw I; Leg'ogav'v_ the study units, is a major component of the program.
and national-level policy decisions can be based. WiStryiq effort focuses on selected water-quality topics

dec_|5|ons must be based on sound mfo_rmanon. Asa using nationally consistent information. Comparative
society we_need to know whether certam_typ_es of studies will explain differences and similarities in
water-quality proble_ms_ are |sol_ated or ub_lqunous_,_ observed water-quality conditions among study areas
whether there are significant dn‘fer_gnces n cond|t|_onsand will identify changes and trends and their causes.
?g??%gg;%réswvr\:h?;eretrgg;;;ggfgﬁ:r:ee‘:?r{;?ﬁ'ng The first topics addressed by the national synthesis are
place to p,Iace andyover time. The informagon can be pestic_ide_s, nutrien_ts, volgtile organic compounds, and
used to help determine the efficacy of existing water- aque_mc blqlogy._ D'SCUSS'an on these and other water-
quality topics will be published in periodic summaries

li lici n [ . )
quality polic esa d to help analysts determm_e_the of the quality of the Nation’s ground and surface water
need for and likely consequences of new policies. . : .
as the information becomes available.

To address these needs, the U.S. Congress approf
ated funds in 1986 for the USGS to begin a pilot pro- This report is an element of the comprehensive
gram in seven project areas to develop and refine the body of information developed as part of the NAWQA
National Water-Quality Assessment (NAWQA) Pro-  Program. The program depends heavily on the advice,
gram. In 1991, the USGS began full implementation of cooperation, and information from many Federal,
the program. The NAWQA Program builds uponan  State, interstate, Tribal, and local agencies and the
existing base of water-quality studies of the USGS, as public. The assistance and suggestions of all are
well as those of other Federal, State, and local agenciegreatly appreciated.
The objectives of the NAWQA Program are to: .
* Describe current water-quality conditions ﬁ ; r Y. -‘“! . q
for a large part of the Nation’s freshwater Ty
streams, rivers, and aquifers.
* Describe how water quality is changing Robert M. Hirsch
over time. Chief Hydrologist

National synthesis of data analysis, based on
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CONVERSION FACTORS, VERTICAL DATUM, WATER QUALITY UNITS,
WATER YEAR, AND ABBREVIATIONS AND ACRONYMS

Conversion Factors

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per acre (acre-ft/acre) 1,233 cubic meter per acre
acre-foot per month (acre-ft/mo) 1,233 square meter per month
acre-foot per year (acre-ft/yr) 1,233 square meter per year
cubic foot per second (ft3/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

tons per year (tons/yr) 907.18486 kilogram per year

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 paper, “sealevel” refersto 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.

Water Quality Units

Concentrations of constituents in water samples are given in either milligrams per liter (mg/L) or micrograms per liter
(ug/L). Milligrams per liter is equivalent to “ parts per million” and micrograms per liter is equivaent to "parts per billion."

Water Year

In U.S. Geologica Survey papers dealing with surface water supply, the 12-month period October 1 to September 30.
The water year is designated by the calendar year in which it ends and which includes 9 of the 12 months. For example, the
year ending September 30, 1992, is called the “ 1992 water year.” In this paper, unless otherwise defined, “years’ refer to
water years.
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Water Quality Assessment of the San Joaquin—Tulare Basins,
California: Analysis of Available Data on Nutrients and
Suspended Sediment in Surface Water, 1972—1990

By Charles R. Kratzer and Jennifer L. Shelton

Abstract

Nutrients and suspended sediment in
surface water of the San Joaquin—Tulare Basinsin
California were assessed using 1972-1990 data
fromthe U.S. Geological Survey’sNational Water
Information System and the U.S. Environmental
Protection Agency’s STOrage and RETrieval
database. A database representative of ambient
surface water conditions was devel oped by
excluding sitesrepresenting or directly influenced
by small subsurface agricultural drains, waste-
water treatment plant effluents, major water
supply canals, and reservoirs. Comparisons of
nutrient and suspended sediment concentrations
were made among three environmental settings:
the San Joaquin Valley—west side, the San Joaquin
Valley—east side, and the Sierra Nevada. The
primary land use is agriculture at the valley sites
and forest at the Sierra Nevada sites. Soils at the
west side valley sites are primarily fine-grained
alluvial deposits from the Coast Ranges; the east
side valley sites are primarily coarser-grained
alluvial deposits from the Sierra Nevada.

Nutrient and suspended sediment concen-
trations in surface water are highest at west side
sites. Nutrient concentrations in the lower San
Joaguin River are determined primarily by rela
tively concentrated inputs from west side agri-
cultural drainage, east side wastewater treatment
plants and runoff from dairies, and by relatively
dilute inputs from major east side tributaries. On
the basis of size distribution and load calculations
in the San Joaquin River and tributaries, most

suspended sediment in the river comes from west
Side sources.

Nutrient and suspended sediment loads in
the lower San Joaquin River were much greater in
awet year (1986) than in acritically dry year
(1988). Ratios of 1986 to 1988 loads increased
with the particul ate fraction of each constituent.
During water years 1986-1988, nonpoint sources
accounted for at least 81 percent of the total
nitrogen load and 68 percent of the total phos-
phorus load from the San Joaquin Basin. The
overall trangport of total nitrogen and total phos-
phorus from the basin during this time was
5 percent and 3 percent of the total sources,
respectively.

Flow-adjusted nitrate concentrationsin the
lower San Joaquin River have increased steadily
since 1950. This can be attributed to many factors,
including increases in subsurface agricultural
drainage, fertilizer application, wastewater treat-
ment plant effluent, and runoff from dairies. Since
1970, thisincrease has been due primarily to
increases of mostly native soil nitrogen in sub-
surface agricultural drainage. Flow-adjusted
ammonia concentrations have decreased during
the 1980s at several sites. These decreases are
probably related to improved regulation of
domestic and dairy wastes.

INTRODUCTION

The quality of the nation’s ground- and surface-
water resources is being affected by numerous human

Introduction
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and natural processes. Existing data generally are
inadequate to assess the status and trends in water
quality of large regions of the nation. In 1991, after a
pilot phase, the U.S. Geological Survey (USGS) began
to implement the National Water-Quality Assessment
(NAWQA) Program to integrate information about
water quality at awide range of spatial scales, from
local to national, and to focus on water quality
conditionsthat affect large areas of the nation or occur
frequently within numerous small areas.

In 1991, the San Joaquin—Tulare Basins study
unit in California was selected as one of the first 20
NAWQA study units for full-scale implementation.
Key water quality issues of concern in the study unit
are concentrations of salinity, trace elements, pesti-
cides, and nutrientsin surface water and ground water.
The highest priority national issues for the first 20
NAWQA study units are pegticides and nutrients. An
important first step for each study unitistoreview what
is aready known about each of these issues. In partic-
ular, the study design and selection of sampling
locations for each study unit will be influenced by the
availability and interpretation of existing information
on the priority constituents. A retrospective report
consisting of areview and an analysis of existing data
on nutrients and pesticides for each study unit isone of
the first major products of the NAWQA Program.

Thisreport presentsan analysis of available data
on nutrients and suspended sediment in surface water
of the San Joagquin—Tulare Basinsstudy unit. Except for
Vernalis, the main downstream site on the San Joaquin
River, data analysisislimited to 1972—1990. The
purposes of thisreport areto (1) describe the spatial
and temporal availability of nutrient and sus-pended
sediment data in the study unit, and to (2) present a
preliminary description of the spatial and temporal
patterns of concentrations and loads in the study unit.
Theinformation presented in this report was used to
guide collection and interpretation of data during the
NAWQA studies.

The nutrients discussed in this report are nitro-
gen (N) and phosphorus (P), the main nutrients
responsible for eutrophication in surface water. The
U.S. Environmental Protection Agency (EPA) has set
criteriafor nitrogen (nitrate and ammonia), but not for
phosphorus. The maximum allowable level for nitrate
indrinking water is 10 milligrams per liter (mg/L) asN.
For ammonia, the ambient water quality criterion to
protect freshwater aquatic life are calculated using pH
and temperature of thewater at thetime of sampling. In
the study unit, the criterion for anmonia ranges from

less than 0.2 to greater than 50 mg/L, as N. Although
there are no established water quality criteriafor
suspended sediment, studies have shown that el evated
concentrations adversely affect fish (U.S.
Environmental Protection Agency, 1986).

DESCRIPTION OF THE STUDY UNIT

Physiographic and Geologic Settings

The San Joaquin-Tulare Basins study unit hasa
drainage area of 28,500 square miles (mi?) in three
major physiographic provinces of central California:
the Sierra Nevada, the San Joaquin Valley, and the
Coast Ranges (fig. 1). The study unitis divided further
into the San Joaquin Basin to the north and the hydro-
logically closed Tulare Basin to the south. During wet
years, some surface water from the Tulare Basin flows
into the San Joaguin Basin by overflow from the Kings
River to the San Joaquin River (by way of Fresno
Slough). The boundary of the study unit is defined by
the drainage divides of the Sierra Nevada and Coast
Ranges (U.S. Geological Survey, 1978).

The Sierra Nevada attain a maximum altitude of
14,495 feet (ft) at Mount Whitney, the highest point in
the conterminous United States. In contrast, the San
Joaquin Valley isaflat structural basin bounded by the
SierraNevadato the east, the Coast Rangesto the west,
the Tehachapi Mountains to the south, and the
Sacramento—San Joaquin Deltato the north. Altitudes
generally range from about 3,000 to 5,000 ft for the
Coast Ranges, about 5,000 to 8,000 ft for the Tehachapi
Mountains, and about 8,000 to 14,000 ft for the Sierra
Nevada. Land-surface altitudes of the valley rise from
near sealevel in the north to 1,000 ft above sealevel in
the southeast.

The bedrock geology of the SierraNevadato the
east of the San Joaquin Valley contrasts sharply with
that of the Coast Rangesto thewest. The SierraNevada
primarily are composed of pre-Tertiary granitic rock
and are separated from the valley by afoothill belt of
M esozoic and Paleozoic marine rocks and M esozoic
metavol canic rocks along the northern one-third of the
boundary (California Division of Mines and Geology,
1958, 1959, 1964, 1965, 1966, 1967, 1969). The Coast
Ranges have a core of Franciscan complex of Late
Jurassic to Late Cretaceous or Paleocene age and of
ultramafic rocks of Mesozoic age. These rocks are
overlain by marine and continental sediments of

2 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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Figure 1. San Joaquin—Tulare Basins, California, study unit.
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Cretaceous to Quaternary age and some Tertiary
volcanic rocks.

Sediment of the San Joaguin Valley consists of
interlayered gravel, sand, silt, and clay derived from
the adjacent mountains and deposited in aluvial-fan,
flood-plain, flood-basin, lacustrine, and marsh
environ-ments. The thickness of the aquifer system
formed by these sediments averages more than 2,500 ft
and increases from north to south, with a maximum
thick-ness of more than 9,000 ft at the southern end of
the valley (Bertoldi and others, 1991). The lithology
and texture of the sediments reflect their source area
and manner of deposition. Sedimentsin the west side
aluvial fans are coarsest at the heads of the fans and
consist predominantly of fine-grained silt and clay in
the rest of the west side of the valley (Laudon and
Belitz, 1991). In general, sediments derived from the
Coast Ranges arefiner grained than those derived from
the Sierra Nevada.

Climate

The San Joaquin Valley has an arid to semiarid
climate that is characterized by hot summers and mild
winters. The San Joaguin Valley and the eastern s opes
of the Coast Ranges are in the rainshadow of the Coast
Ranges. The Sierra Nevada force warm, moist air-
masses from the Pacific Ocean aloft. Asthe airmasses
cool, the moisture condenses, resulting in heavy
precipitation on the western slopes. This precipitation,
occurring as both rainfall and snow, isthe major source
of water in the study unit.

Mean annual precipitation (1911-1960) on the
San Joaquin Valley floor varies from 5 inches (in.) in
the south to about 15 in. in the north (fig. 2). Precipi-
tation in the SierraNevada, mostly in the form of snow,
varies from about 20 in. to more than 80 in. at some
higher altitudes. Precipitation in the Coast Ranges
(within the study unit) varies from less than 10 in. to
more than 20 in. Asin the valley, precipitation in the
SierraNevada and Coast Ranges increases from south
to north. Annual precipitation is highly variable; the
recent drought in California(1987-1992) resulted from
years of below-normal precipitation in the Sierra
Nevada. Throughout the study unit, more than 80
percent of the annual precipitation falls during
November through April. January isthe month of peak
precipitation in most areas.

Surface Water Hydrology

As expected, mean annual runoff follows the
same general pattern as precipitation, with the largest
amounts in the Sierra Nevada followed by the valley
and Coast Ranges (Gebert and others, 1987). Aswith
precipitation, runoff increases from south to north.
Runoff in the Sierra Nevadavariesfrom about 10 in. to
more than 40 in. Runoff in the valley varies from less
than 1 in. to amost 10 in. Runoff islessthan 2 in.
throughout the Coast Ranges.

Annua mean streamflow for 1950-1991 at
seven representative sitesin the study unit is shown in
figure 3. Theseincludethree SierraNevada Sites, three
San Joaguin Valley sites, and one Coast Ranges site.
All sites show the effect of the recent drought years
(1987-1992) and the relatively wet period preceding
the drought (1978-1986). Aswith precipitation, annual
streamflow is highly variable.

Monthly mean streamflow at the seven repre-
sentative sitesis shown in figure 4. All Sierra Nevada
siteshave peak flowsin May and June; this corresponds
tothe peak period of snowmelt runoff. The Mokelumne
River site has alower-altitude drainage basin and more
rain than snow, relativeto the other SierraNevadasites.
This probably accounts for the flatter peak period for
thissite.

The peak streamflows at the San Joaquin Valley
and Coast Ranges sites usually occur during February
through April. Mg or reservoir development has altered
the seasonal patterns at the Merced River near
Stevinson and San Joaquin River near Vernalis sites,
and the seasonal patterns are shown before and after
development of major reservoirs (fig. 4). The post-
reservoir period at the San Joaguin River near Vernalis
was a much wetter period. Mean annual flows were
5,160 cubic feet per second (ft3/s) compared to 3,970
ft3/sfor the prereservoir period and monthly mean
streamflowswere higher in the postreservoir period for
all months except June (fig. 4). The postreservoir
seasonal patterns at the Merced (1967-1991) and San
Joaquin River (1979-1991) sites are influenced by
winter rainfall (December to March), fish-release
schedules (April to June), hydropower rel eases,
dilution releases to meet Sacramento—San Joaguin
Deltawater quality standards, and upstream agricul -
tural diversions. The Cosumnes River and Los Gatos
Creek sitesarenot affected by upstream reservoirs. The
seasonal pattern for Los Gatos Creek corresponds
directly to rainfall runoff; the Cosumnes River has a
combination of rainfall and snowmelt runoff.

4 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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The overall effect of reservoirs and agricultural
water use on outflow from the San Joaquin Basinis
shown in figure 5. Monthly mean unimpaired stream-
flow to the valley floor in the San Joagquin Basin is
compared with outflow of the San Joaquin River at
Vernalis, for the postreservoir-development period of
1979-1992. Unimpaired flow, aterm used by the
California Department of Water Resources (DWR),
represents the runoff from abasin if the flow of water
had not been altered (California Department of Water
Resources, 19874). Thetotal unimpaired streamflow to
the valley floor in the San Joaquin Basin (fig. 5) isthe
sum of unimpaired flows on the San Joaquin River at
Millerton Lake (site 6, fig. 6), Merced River at Lake
McClure (site 20), Tuolumne River at New Don Pedro
Reservair (site 21), Stanidaus River at New Melones
Reservoir (site 24), and outflow from the Tulare Basin
by way of Fresno Slough (fig. 6). The unimpaired flow
provides an estimate of the total water that would be
expected to reach Vernalis under natural conditions.
The actual outflow from the San Joaquin Basin (about

3.7 million acre-feet per year [acre-ft/yr] during 1979—
1992) is much less than the mean unimpaired flow to
thevalley (about 6.1 million acre-ft/yr during the same
period) mostly because of agricultural water usein the
basin. The timing of actual outflow (fig. 5) is more
evenly distributed throughout the year than the
unimpaired flow to the valley because of the storage
and rel ease schedules of the four major upstream
reservoirs, which have a combined total storage
capacity of almost 6 million acre-feet (acre-ft).
Reservoir development and water use in the basin have
shifted the peak outflow from May to March and
reduced this peak flow from about 1.3 million acre-feet
per month (acre-ft/mo) to about 0.6 million acre-ft/mo
during 1979-1992 (fig. 5).

Major reservoirs (capacity more than 75,000
acre-ft) and distribution systemsin the study unit are
shown in figure 6 and listed in table 1. The only major
stream in the study unit without a major reservoir isthe
Cosumnes River. Twenty-three of the 25 reservoirs
listed intable 1 are used at least in part for hydropower
production. The exceptions are Eastman Lake (site 22)
and Hendley Lake (site 23), which are used primarily
for irrigation supply. Overall, 13 of the 25 reservoirs
are used at least in part for irrigation. Only five of the
reservoirs have significant municipal uses: Hetch
Hetchy Reservoir (site 2) isowned and operated by the
city and county of San Francisco, Pardee Reservoir
(site 4) is owned and operated by East Bay Municipal
Utility Digtrict for water supply east of San Francisco
Bay, and San Luis Reservoir (site 19) isjointly owned
and operated by the DWR and the Bureau of
Reclamation (BOR) as amajor storage reservoir of the
State Water Project (SWP) and the Central Valley
Project (CVP) agueduct systems. In the mid-1990s,
New Don Pedro (site 21) and New Hogan (site 18)
reservoirs started to supply municipal water to the
cities of Modesto and Stockton to supplement
declining ground water supplies (Garner Reynolds, city
of Modesto, oral commun., 1996; California
Department of Water Resources, 1994a).

Water distribution systems shown in figure 6
include features of the SWP (California Aqueduct, site
L), the CVP (Deta—Mendota [site |], Friant—-Kern [site
H], and Madera[site J] Canals), and Merced, Modesto,
Oakdale, South San Joaquin, and Turlock Irrigation
Didtricts. These are the major distribution systems for
agricultural water supply in the study unit. Little muni-
cipal water in the study unit is provided by these
distribution systems; the exception is the city of

8 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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Modesto. The California(site L), Hetch Hetchy (site
G), and Mokelumne (site F) Aqueducts transport water
from the San Joaquin Basin to municipal users outside
the study unit.

Water availability for allocation and regulation
in the San Joaguin Basin is defined by awater year
hydrologic classification system. Known as the

60-20-20 water year index, and used by the California
State Water Resources Control Board (SWRCB), this
represents the percentage weight given to three vari-
ables: the forecasted, unimpaired runoff from April
through July (60 percent); the forecasted, unimpaired
runoff from October through March (20 percent); and
thereservoir carryover storage from the previouswater

Description of the Study Unit 9



Table 1. Major reservoirs and distribution systems, San Joaquin—Tulare Basins, California, study unit

[Major use: 1, irrigation; M, municipal supply; P, hydropower production. Acre-ft, acre-fést;dubic feet per second; mi, mile. California
Department of Water Resources, 1984, 1987b, 1994a; California State Water Resources Control Board, 1987; Garner R&fnolds, city
Modesto, oral commun., 1996]

Site No. . Year Capaci Major
(fig. 6) Reservoir completed (thousai:ld a?re-ft) Waterway usle
1 Huntington 1917 89 San Joaquin River P
2 Hetch Hetchy 1923 360 Tuolumne River M,P
3  Shaver 1927 135 San Joaquin River P
4 Pardee 1929 210 Mokelumne River M,P
5 Salt Springs 1931 139 Mokelumne River P
6 Millerton 1947 520 San Joaquin River 1,P
7 Isabella 1953 570 Kern River 1,P
8 Edison 1954 125 San Joaquin River P
9 PineFa 1954 1,000 Kings River 1,P
10 Lloyd 1956 268 Tuolumne River P
11 Beardsley 1957 98 Stanislaus River P
12 Wishon 1958 128 Kings River P
13  Courtright 1958 123 Kings River P
14  Mammoth Pool 1960 123 San Joaquin River P
15 Success 1961 85 Tule River 1,P
16 Kaweah 1962 150 Kaweah River 1,P
17 Camanche 1963 431 Mokelumne River I,P
18 New Hogan 1963 325 Calaveras River I,M,P
19 SanlLuis 1967 2,039 California Aqueduct/Delta-Mendota Canal I,M,P
20 McClure 1967 1,026 Merced River I,P
21  New Don Pedro 1971 2,030 Tuolumne River I,M,P
22 Eastman 1979 150 ChowchillaRiver |
23 Hensley 1979 90 Fresno River |
24  New Melones 1979 2,400 Stanislaus River I,P
25 New Spicer Meadow 1989 189 Stanislaus River P
Site No. L Year Capacit Length Major
(fig. 6) Distribution system completed (;3/s)y (m?) usle
A Centrd Californialrrigation District Main Canal 1880 1,800 71 |
B  Merced Irrigation District Main Canal 1886 2,000 21 |
C  Turlock Irrigation District Main Canal 1900 2,100 22 |
D Modesto Irrigation District Main Canal 1904 2,000 46 I,M
E  South San Joaquin Irrigation District Main Canal 1913 950 32 |
F  Mokelumne Aqueduct 1929 590 90 M
G Hetch Hetchy Aqueduct 1934 460 152 M
H  Friant—Kern Canal 1944 4,000 152 |
| Ddta-Mendota Canal 1951 4,600 116 |
J MaderaCana 1952 1,000 36 |
K  Osakdale Irrigation District Main Canal 11958 2525 36 I
L Cdifornia Aqueduct 1968 13,100 444 I,M,P
M  Cross Valley Cand 1975 740 20 |
INorth Main Canal.
250uth Main Canal.
year constrained by a maximum allowable value (20 extremes. The first six water years of the study period
percent) (California State Water Resources Control were balanced—two wet, one above hormal, one dry,
Board, 1992). Water years 1950-1992 are classifiedon  and two critical. The drought of 1976-1977 was
the basis of thisindex as wet, above normal, below followed by a 9-year period dominated by wet water
normal, dry, or critical (fig. 7). years, including the extremely wet water year of 1983.
During the study period, 1972-1990, therewere  Overall, this9-year periodincluded five wet, two above
seven wet water years, three above normal, three dry, normal, and two dry water years. Following that 9-year
and six critical (fig. 7). Thus, it was a period of wet period were six consecutive critical water years.

10 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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Population and Land Use

In 1990, the popul ation of the study unit was
2,719,958, with about 46 percent in the four largest
cities: Fresno (453,388), Bakersfield (302,605),
Stockton (262,046), and Modesto (230,609)
(Cdlifornia Department of Finance, 1991). Most of the
rest are in small farming communities in the San
Joaquin Valley. The Sierra Nevada and the Coast
Ranges are sparsely populated.

Based on mid-1970s data, the Geographic
Information Retrieval and Analysis System (GIRAYS)
land-use designations for the study unit included
39 percent forest land, 32 percent cropland and pasture
(including orchards and vineyards), 23 percent range-
land, 3 percent barren land, 2 percent urban area, and
less than 1 percent wetland (U.S. Geological Survey,
1986). Most of therangeland isin the Coast Ranges, at
the valley margin, or in the Tehachapi Mountains (fig.
1). Little, if any, surface water runoff reachesthevalley
from these areas. Theforest land is mostly in the Sierra
Nevada although some is in the higher altitudes of the
Coast Ranges. Most forest land is publicly owned,
primarily as national forests or national parks.

The remnant wetlands in the study unit are less
than 15 percent of the wetland acreage before settle-
ment of the San Joaquin Valley in the 19th century (San
Joaquin Valley Drainage Program, 1990). The largest
remaining wetland areain the study unit isthe
Grasslands (fig. 1). Wetland areas include public lands
managed by state and federal agencies and privately
owned duck clubs.

Most of the valley floor is agricultural land.
Orchards and vineyards are primarily along the east

side of thevalley. Wetland areas arein the northern part
of the valley, and the rangeland areas are in the
southern part. Cropland and pasture are distributed
throughout the valley, especially along the west side.
Five counties in the San Joaquin Valley are
among the nation’s 10 highest producers of agricul-
tural commodities, including Fresno (number 1), Kern
(number 2), and Kings (number 3). Crops accounted
for 65 percent of the agricultural production in 1987;
livestock and livestock products accounted for therest.
Fruits and nuts accounted for 51 percent of the crop
value, cotton for 20 percent, and vegetables for 10
percent (San Joaquin Valley Drainage Program, 1990).

Water Use

The overall consumptive use of water in the
study unit was about 12.1 million acre-ft in 1990 (W.E.
Templin, U.S. Geologica Survey, written commun.,
1992). About 58 percent of this demand was met with
surface water and 42 percent with ground water.
Approximately 38 percent of the surface water (22
percent of total consumptive use) wasimported from
the Sacramento—San Joaquin Delta through the SWP
(California Aqueduct) and the CVP (Delta—Mendota
Canal) (Bureau of Reclamation, 1990; California
Department of Water Resources, 1991). Of the total
consumptive water use in the study unit in 1990, 94.9
percent was for irrigation. Combined with the
consumptive use of 1.5 percent for livestock,
agriculture accounted for 96.4 percent of the total use.
Domestic use (for example, drinking water) accounted
for only 1.1 percent of the consumptive usein the study

Description of the Study Unit 1"



unit, and virtually all thiswasfrom ground water (W.E.
Templin, U.S. Geological Survey, written commun.
1992). The other 2.5 percent included industrial and
miscellaneous agriculture.

Total water use in the study unit during 1990,
including nonconsumptive uses of water, was about
32.5 million acre-ft (W.E. Templin, U.S. Geological
Survey, written commun., 1992). Hydropower, the only
instream water use studied under the USGS water-use
program, accounted for about three-quarters of the total
nonconsumptive water use in the study unit (Templin,
1990). Other significant instream uses, such as
recreation, fish and wildlife habitat preservation,
aquaculture, or dilution for water quality improvement,
have not been quantified. Most of the other noncon-
sumptive use is irrigation, which includes deep perco-
lation to usable ground water, return flows to surface
water, and operational spills to surface water. An
operational spill isexcessirrigation water supply thatis
not applied to agricultural lands, but isinstead returned
to a surface water system.

The use of water along the lower, perennial San
Joaguin River upstream from Vernalis affects water
quality. During theirrigation season, diversions for
irrigation often remove most of theriver flow (Kratzer
and Grober, 1991). Main irrigation-season diversions
from thisreach of theriver and east side tributaries are
shownin figure 8 (Jamesand others, 1989; Kratzer and
others, 1987). Of the 86 diversions shown in figure 8,
the two largest (West Stanislaus Irrigation District and
Patterson Water District) account for about 40 percent
of the total diversionsin this area (Kratzer and others,
1987).

ENVIRONMENTAL FRAMEWORK FOR WATER
QUALITY ASSESSMENT

Point Sources

Dischargesto surface water in the study unit
include point source dischargeswith National Pollutant
Discharge Elimination System (NPDES) permits and
various nonpoint source discharges. The point source
discharges are easily identified and quantified through
records maintained by California state regulatory
agencies.

Excluding hydropower facilities and fish
hatcheries, there are 32 point source discharge sitesin
the study unit (fig. 9) with mean discharge rates greater

than 0.5 ft3/s. Of these 32 discharge sites, 18 are
wastewater treatment plants, 7 are food-processing
facilities, 3 are manufacturing facilities, 3 are oil- and
gas-production facilities, and 1 is a sand and gravel
mining facility. The amounts of discharge from each
location are also shown in figure 9. Only five of these
discharge sites average more than 10 ft3/s:

Discharge Discharge,
site in ft%/s
M odesto Wastewater Treatment Plant 39
Texaco Oil (near Bakersfield) 26
Visalia Wastewater Treatment Plant 19
Turlock Wastewater Treatment Plant 14
Merced Wastewater Treatment Plant 11

The largest citiesin the study unit, Fresno and
Bakersfield, discharge to oxidation ponds followed by
application to adjacent land and do not have NPDES
permits for discharging to surface water. The third
largest city in the study unit, Stockton, dischargesto the
San Joaquin River in the Sacramento—San Joaquin
Delta, outside of the study unit. The city of Modesto
discharges to the San Joaquin River only in winter, as
the wastewater is held in oxidation ponds and applied
toland adjacent to the ponds during the rest of the year.
The Turlock and Merced treatment plants discharge to
the San Joaguin River through the Turlock Irrigation
Didtrict drain lateral number 5 and Owens Creek,
respectively. The Visalia and Texaco discharges arein
the Tulare Basin (Kaweah and Kernrivers,
respectively) and do not affect surface water inthe San
Joaguin Basin.

Nonpoint Sources

Nonpoint source discharges are difficult to
identify and quantify because they do not have the
same regulatory requirements as point source dis-
charges. Nevertheless, in this section we will identify
and, in some cases, quantify several types of honpoint
sources in the study unit, particularly in the San
Joaguin Basin.

The nonpoint source information presented here
includes fertilizer application and manure production
in each county, distribution of dairies, acreage of
subsurface agricultural drains (tile drains), and the
locations and volumes of agricultural dischargesto the
lower San Joaquin River area (seefig. 10 for area).
Estimated fertilizer application is based on total fertil-
izer salesin California, distributed to the county level

12 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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Figure 8. Agricultural diversions from lower San Joaquin River system, California.

by fertilized acreage in each county (Alexander and
Smith, 1990). The estimated nitrogen and phosphorus
fertilizer applicationsin each county are shownin
figure 11 for 1965, 1970, 1975, 1980, and 1985
(Alexander and Smith, 1990). Applications increased
steadily from 1965 to 1980 and decreased in 1985. This
patternreflectsthe overall acreagein production during

this time within the study unit (California Department
of Water Resources, 1987b).

The intensive agriculturein the San Joaquin
Valley reliesonrelatively high applications of nitrogen
and phosphorus fertilizers. The estimated amounts of
fertilizer application shown in figure 11 rank high
among counties in the nation (Alexander and Smith,

Environmental Framework for Water Quality Assessment 13
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Figure 9. Point source discharges in San Joaquin—Tulare Basins, California, study unit by type of discharge and amount of discharge.

1990). Fresno, Kern, Kings, and Tulare Counties rank
1 through 4, respectively, in nitrogen applicationsin
1985, and San Joaguin and Merced Countiesrank 6 and
13, respectively (see fig. 1 for county locations).
Fresno and Kern Countiesrank 1 and 2, respectively, in
phosphorus applications in 1985, and Kings, Tulare,

San Joaquin, and Merced Countiesrank 7, 8, 13, and
27, respectively.

In 1987, manure produced in the study unit
contained approximately 137,000 tons of nitrogen and
30,000 tons of phosphorus (R.B. Alexander, U.S.
Geological Survey, written commun., 1992). The
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counties producing the most nitrogen, in manure, in
tons per year were Fresno (23,699), Tulare (23,143),
Merced (21,644), and Stanislaus (20,170). Unlike
estimates of fertilizer application, these county manure
production quantities rank only 45, 47, 49, and 52,
respectively, in the nation.

Information on the areal distribution of dairiesin
the study unit was provided by the California Regional

Water Quality Control Board (CRWQCB). The
heaviest concentrations of dairiesarein Tulare,
Stanislaus, and Merced Counties. In 1991, these three
counties had 217,000, 118,000, and 115,000 milk
cows, respectively (U.S. Department of Agriculture
and California Department of Food and Agriculture,
1991). Waste-discharge regulations for dairies
generally permit discharges to surface water only
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during large storms. However, several unauthorized
discharges are known to occur in the study unit, and the
CRWQCB hasidentified several suspect waterways
(James and others, 1989; California State Water
Resources Control Board, 1990, 1991). Because these
discharges are unauthorized, their magnitude is
unknown.

The Grasslands area of the San Joaquin Basin
drains to the San Joaquin River through Salt and Mud
Sloughs (fig. 10). Subsurface agricultural drains were
installed in the Grasslands area between 1950 and 1991
(fig. 12) to relieve areas with shallow, saline water
tables and to allow for continued agricultural
productivity. The subsurface drainwater contains high
levelsof nitratesfrom either fertilizer applicationsor in
soil derived from the Coast Ranges. In 1991, the total
acreage drained by these subsurface drains was about
58,500 acres (fig. 12).

Most agricultural discharges to the lower, peren-
nial San Joaquin River and the lower reaches of the
major east side tributaries are shown in figure 13
(Kratzer and others, 1987; James and others, 1989). Of
the 104 discharges shown, 87 are tailwater (surface
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Figure 12. Total acres with subsurface agricultural drains in the
Grasslands area, San Joaquin Valley, California, 1950-1991.

return flows) and operational spills of surface water
only, 3aresubsurfaceagricultural drainage only, and 14
are acombination of the above. Mean irrigation season
discharge is greater than 25 ft/sin five dis-charges:
Salt Slough, Mud Slough, Orestimba Creek, Hospital
and Ingram creeks, and Spanish Grant Drain. Except
for Orestimba Creek, which is entirely surface
drainage, these discharges are acombination of surface
and subsurface agricultural drainage. During summer
low-flow periods, these agricultural dischargesaccount
for most of the streamflow in the San Joaquin River.

Water Quality Problems Identified by the
State of California

A water quality assessment of California water
bodies was devel oped to report the condition of the
state’s water and to satisfy EPA reporting requirements
(California State Water Resources Control Board,
1990). In this assessment, the state classifies the water
quality of thewater bodies, or stretches of water bodies,
as either good, intermediate, impaired, or unknown.
The good designation means that the water body
supports and enhances designated beneficia uses. An
intermediate designation means that the water body
generally supports beneficial uses with an occasional
degradation of water quality. Water bodies were
qualitatively designated asimpaired if they were not
reasonably expected to attain or maintain applicable
water quality standardsfor beneficial usesbased on the
following criteria: (1) designated uses are not
supported, (2) water quality impairment is moderate to
severe, (3) designated use is compromised or limited,
(4) aguatic community is known to contain toxic sub-
stances in concentrations hazardous to human health,
(5) aguatic community is not fully supported or is
severely stressed, (6) fish kills are frequent or toxicity
tests show repeated acute or chronic toxicity, or (7) a
numerical measurement exceeds aspecified criterionor
objective (California State Water Resources Control
Board, 1990). The unknown designation is given to
water bodies with inadequate data.

Water quality was designated as intermediatein
927 miles (mi) of 20 streams and 56,143 acres of 19
lakesin the study unit. The state al so designated 362 mi
of 13 streamsin the study unit asimpaired water bodies
(fig. 14) (Cdlifornia State Water Resources Control
Board, 1990). Parts of several water bodiesin the study
unit are impaired. These include the Kings, San
Joaquin, Merced, Tuolumne, Stanidlaus, and

Environmental Framework for Water Quality Assessment 17
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Figure 13. Agricultural discharges to lower San Joaquin River system,

Mokelumne rivers, Salt and Mud sloughs, Orestimba
Creek, and 8,224 acres of the Grasslands (fig. 14).
Environmental Settings

To describe water quality in terms of land
effects, the study unit was divided into relatively
homogeneous subunits on the basis of hydrology,

California.

physiography, and geomorphology (fig. 15). The two
generally distinct surface water basins—the San
Joaquin Basin and the Tulare Basin—are divided into
three major physiographic provinces. Coast Ranges,
San Joaquin Valley, and SierraNevada. Thevalley area
isanalyzed in greatest detail in this report because
most of the population and agriculture, and therefore,
water use and activities affecting water quality, are
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SAN JOAQUIN-TULARE BASINS A
STUDY UNIT
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Figure 15. Environmental settings in San Joaquin—Tulare Basins, California, study unit: (A)Environmental settings (B) Locations of

environmental settings.

located there. Most studieswill be donein thevalley of
the San Joaguin Basin, specifically in the perennial
reach of the San Joaquin River because (1) the
perennial San Joaquin River isthe only surface water
outlet for the basin, (2) the water quality of the San
Joaquin River influences water quality in the
Sacramento—San Joaquin Delta, and (3) the Tulare
Basin normally does not have a surface water outlet.

The San Joaguin Valley can be divided into the
areaswest and east of the valley trough, or depositional
axis. Thewest and east sides can be further subdivided
into alluvial-fan and basin deposit areas. Although the
depositional axis of the valley has shifted during
geologic time, the east side alluvial fans are dominated
by sediments derived from the Sierra Nevada, and the
west side alluvia fans are dominated by sediments
derived from the Coast Ranges. The sedimentsin the
basin deposits are a mixture from both Sierra Nevada
and Coast Ranges sources, reworked and deposited in
stream channels or shallow lakes and as overbank
depositsin flood basins. The west side of the Tulare
Basin valley is not subdivided because of the lack of
any significant surface water flows.

The contrasting bedrock geology and chemical
composition of the derived soils of the east and west
sides of the valley have significant effects on water

quality. Low solubility of the quartz and feldspars that
make up the bulk of the Sierra Nevada and the granitic
soils derived from them resultsin runoff and snowmelt
with low concentrations of dissolved solids. In
contrast, the Coast Ranges are composed primarily of
rocks and sediments of marine origin. The rocks and
soils derived from the Coast Ranges contain high
concentrations of trace elements, various nitrogen-
containing compounds, and soluble saltsincluding
calcium, sodium, and magnesium sulfates.

LOWER SAN JOAQUIN RIVER BASIN, 1951-1990

The lower San Joaquin River Basin is defined
here as the drainage basin of the perennial reach of the
San Joaquin River from Bear Creek to Vernais(figs. 1
and 10). Most discussion of water quality in thisreport,
including nitrate trends for 1951-1990, will focus on
this drainage area of 7,345 mi 2. This section provides
some background on the lower San Joaquin River and
changes that have occurred in the San Joaquin Basin
between 1951 and 1990, relative to factors that affect
nutrient concentrations.

Prior to development of the Delta—Mendota
Canal in 1951, about 800,000 acresin the lower San
Joaquin Basin were irrigated with local surface and

20 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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ground water (table 2). Irrigated acreage increased to
about 1 million acres by 1970 and has remained
essentially at that level. Irrigation has become more
efficient since 1951 with increasing use of surface
return flow recovery systems, laser leveling, and other
practices. Although no data are available back to 1951,
we assume that increasesin surface return flowsdueto
increased irrigated acreage were offset by decreasesin
surface return flows due to increased irrigation
efficiency and that surface return flowsdid notincrease
between 1951 and 1990.

In 1950, no subsurface agricultural drainagewas
being discharged to the lower San Joaquin River. By
1990, the potential subsurface drainage reaching the
river was about 66 ft3/s (table 2). Until 1985, much of
this potential discharge to the river was used to flood
waterfowl areasinthe Grasslands(fig. 10) beforebeing
released to theriver, and some nutrients were taken up
by aquatic plantsin the waterfow! areas. Since 1985,

virtually al of the subsurface drainage water has been
discharged directly to theriver dueto concernsover the
accumulation of trace elements (especially selenium)
in the waterfow! areas.

On the basis of information in NPDES files, the
amount of wastewater discharged from treatment
plantsto thelower San Joaquin River morethan tripled
from 1950t0 1990 (table 2). Although irrigated acreage
increased 25 percent from 1950 to 1990, fertilizer
application increased by about 500 percent for nitrogen
and 285 percent for phosphorus. During the same
period, the amount of nitrogen in manure increased by
64 percent and the amount of phosphorus in manure
increased by 66 percent (table 2).

The relative nutrient concentrations of the
sources identified in table 2 are important for ident-
ifying the causes of concentration trends, the relation
of concentrations to streamflow, and the possible
sources of the loads that were unaccounted-for.

Table 2. Factors affecting nutrient concentrations in the lower San Joaquin River Basin, California, 1950, 1970, and 1990

[~, approximately; acre-ft, acre-feet; ft3/s, cubic feet per second; tons/yr, tons per year]

Factor 1950

1970 1990

Population ~215,000

Total reservoir storage! 0.5 million acre-ft

Irrigated acreage? 800,000 acres

Sources of irrigation water San Joaguin, Merced,
Tuolumne, and
Stanislaus Rivers;

~350,000 623,000
2.0 million acre-ft 6.6 million acre-ft

1,000,000 acres ~1,000,000 acres

San Joaguin, Merced,
Tuolumne, and Stanislaus
Rivers; Delta-Mendota

San Joaguin, Merced,
Tuolumne, and Stanislaus
Rivers; Delta-Mendota

ground water Canal; ground water Canal; ground water

Fertilizer application®

Nitrogen 8,500 tons/yr 33,900 tonglyr 50,900 tonslyr

Phosphorus 1,900 tons/yr 5,200 tons/yr 7,300 tonslyr
Manure production®

Nitrogen 39,900 tong/yr 47,300 tons/yr 65,600 tons/yr

Phosphorus 10,200 tong/yr 12,700 tonslyr 16,900 tons/yr
Wastewater treatment plant ~16 ft3/s ~43 ft%s ~58 ft¥/s

discharges® ©
Subsurface agricultural drainage®’ none ~47 ft%s ~66 ft3/s

IFrom California Department of Water Resources 1984, 1987b, 1994a; California State Water Resources Control Board, 1987.

From California Department of Water Resources 1960, 1983, 1994a; Wall and others, 1981.

3From Alexander and Smith, 1990, and U.S. Environmental Protection Agency, 1990.

4From U.S. Department of Agriculture and California Department of Food and Agriculture, 1991.

SExpressed as average discharge rates for the entire year. These rates vary considerably throughout the year.

8From information in National Pollutant Discharge Elimination System files, cities of Modesto, Turlock, Merced, and Atwater.

"Assuming a drainage factor of 0.7 acre-feet per acre (Kratzer and others, 1987) for the area of tile drains shown in figure 12, (Harley
Davis, Cdifornia Regional Water Quality Control Board, Central Valley Region, written commun., 1992) and other reaches of the San
Joaquin River (Kratzer and others, 1987).
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Approximate concentrations of nitrate, ammonia,
orthophosphate, and total phosphorus are givenin
table 3 for dairy runoff, wastewater treatment plant
effluent, tailwater runoff from fertilized fields, and
subsurface agricultural drainage in the lower San
Joaquin River Basin. Dairy runoff and wastewater
treatment plant effluent have high concentrations of
phosphorus and ammonia relative to tailwater and
subsurface drainage. Nitrate concentrations are highest
in subsurface drainage.

The nutrient concentrations shown in table 3 for
wastewater treatment plant effluent in the lower San
Joaquin River Basin represent concentrations measured
in the late 1980s. Since that time, the city of Modesto
wastewater treatment plant improved aeration in their
oxidation ponds and expanded their land application
area. These changes resulted in the improved conver-
sion of ammoniato nitrate and a reduction in phos-
phorus levels. Median ammonia concentrations in the
Modesto discharge prior to 1990 were 10 to 20 mg/L;
in 1994 the median was less than 1 mg/L as N (John
Amstutz, city of Modesto, California, written
commun., 1994). Median ammonia concentrations in
the city of Turlock discharge were 8.2 mg/L asN in
1991. Median nitrate concentrations in the Modesto
dischargeincreased from 1to4 mg/L asN prior to 1990
to about 11 mg/L as N in 1994. Prior to 1989, median
total phosphorus concentrations in the M odesto
discharge were 6 to 12 mg/L ; after 1989 they were 1 to
2 mg/L asP. Thus, the recent improvements in waste-
water treatment in the lower San Joaquin River Basin
have resulted in the conversion of ammoniato nitrate
and the reduction of phosphorus in wastewater
treatment plant effluent. However, these improvements

occurred around 1990 and do not affect the nutrient
contributions from wastewater treatment plants during
1951-1990.

SOURCES OF DATA

Compilation of Data

Water quality data for surface water in the study
unit for 1972—-1990 were compiled from the National
Water Information System (NWIS) of the USGS and
the STOrage and RETrieval (STORET) database of the
EPA. Additional datawere entered into the STORET
database stored on NWIS at the USGS, Sacramento
office. Sources of additional datainclude DWR data
(1988-1990) that had not been entered into STORET
and suspended sediment data collected by the
CRWQCB, U.S. Soil Conservation Service, and
Merced, Modesto, and Turlock Irrigation Districts
(Westcot and Belden, 1989; U.S. Soil Conservation
Service, 1989).

I n addition to nutrients and suspended sediments,
retrieved parametersincluded streamflow, pH, specific
conductance, dissolved oxygen, total hardness, total
organic carbon, and chlorophyll a. Nutrient parameter
codes changed during the study period due to changes
in laboratory methods or reporting methods (for
example, nitrate as N versus nitrate as NO), and some
parameter codes were combined for the long-term
analysis of nutrient concentrations. Suspended
sediment codes al so were combined to merge the
STORET suspended solids data with the NWIS

Table 3. Approximate nutrient concentrations from major sources in the lower San Joaquin River Basin, California, during the late 1980s

[Nutrient concentrations in milligrams per liter as nitrogen or phosphorus; —, no data]

Source Nitrate Ammonia Orthophosphate Total phosphorus
Dairy runoff! 0.2 247 — 90
Wastewater treatment plant effluent? 3 15 2 4
Tailwater (surface return flow)3 6 0.1 0.2 0.4
Subsurface agricultural drainage’ 25 0.2 0.05 0.1

Average values from unpublished data for dairy pond water in the central valley of California (Harley Davis, California Regional Water
Quality Control Board-Central Valley Region, written commun., 1995).

°Flow-weighted averages of median concentrations from city of Turlock (Central Valley Regional Water Quality Control Board, unpub-
lished National Pollutant Discharge Elimination System files, 1991) for ammonia (calendar year 1991) and city of Modesto unpublished
monitoring data (John Amstutz, M odesto Public Works Department, written commun., 1994) for all nutrients (water years 1987 and

1989).

3Based on median of monthly average data for Orestimba Creek during 1992 and 1993 irrigation seasons (tailwater with some operational -
spill water) (U.S. Geological Survey unpublished data, 1992 and 1993).

4Based on Cdlifornia Department of Water Resources (1975).
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suspended sediment data. The effect of this
combination is discussed in the section “ Quality
Assurance and Quality Control.” For nutrients, the
only combinations of significance were nitrate and
total nitrogen. For orthophosphate, ammonia, total
phosphorus, and total kjeldahl nitrogen, codes with
different reporting methods were merged.

For nitrate and total nitrogen, the combinations
involved substituting different parameters. If dissolved
nitrate values were not available, values for dissolved
nitrate plus nitrite, total nitrate, or total nitrate plus
nitrite were substituted, in that order. Likewise, for the
total nitrate plus nitrite component of total nitrogen,
valuesfor dissolved nitrate plus nitrite, total nitrate, or
dissolved nitrate were substituted, in that order. In most
cases, these substitutions had no significant effect on
results.

Screening of Data

The initial database contained 120 NWIS sites
and 807 STORET siteswith nutrient and(or) suspended
sediment data. Most of the STORET sites were
sampled by DWR, BOR, USGS, or the CRWQCB
(table 4). Of the 927 sites, 859 reported nutrient
samples and 413 reported suspended sediment
samples. Thisinitial database included 13,753 nutrient
samples and 9,113 suspended sediment samples.

Several categories of sites were removed from
theinitial databaseto create afinal, screened NAWQA
database (tables 4 and 5) that would represent the
ambient surface water conditions in the study unit (in
each subbasin) and at each sampled site. The removed
sites include (1) major water supply canals, (2) small,
individual agricultural drains and evaporation ponds
(larger drainage systems were kept in the database),
(3) wastewater treatment plant effluents and sites just
downstream of effluent discharges, (4) lakes and
reservoirs, (5) urban runoff sites, (6) sites that have
inadequate location description, (7) duplicate sitesin
STORET database, and (8) duplicate sites between the
NWIS and STORET databases. In total, 495 sites
containing 8,296 nutrient samples, and 2,896
suspended sediment samples were removed from the
initial database (table 5).

Many water supply canals were removed from
the initial database because the water in these canals
generally does not represent surface runoff from the
study unit, but iswater that has been artificialy

transported several milesfromitssource. Mostly DWR
data were removed, including data on several sites
along the California Aqueduct and the Delta—M endota
Canal (fig. 14), aswell as several smaller irrigation-
supply canals. The California Aqueduct and Delta—
Mendota Canal originate in the Sacramento—San
Joaguin Delta, downstream of the study unit.

The BOR and DWR have monitored many
subsurface agricultural drainsand evaporation pondsin
the study unit. These sites represent the quality of
shallow ground water in relatively small areas;
therefore, they were deleted from theinitial database.
However, several larger drainage systems collect both
surface and subsurface agricultural drainage. This
drainage flows to the San Joaquin River as surface
water and hasamajor effect on the water quality of the
San Joaquin River; therefore, these systems were
included in the final database. These include the San
Luis Drain, Panoche Drain, Camp 13 Slough, Salt
Slough, and Mud Slough (fig. 10).

Sites dominated by wastewater treatment plant
effluent and by urban runoff were not common in the
initial database. The four USGS urban-runoff sitesin
the initial database were sampled frequently for
nutrients and suspended sediment. However, these
urban-runoff sites were removed from the initial
database because their small flows discharge to the
upper San Joaquin River, which generally does not
flow into the lower, perennial San Joaquin River.

Water quality in lakes and reservoirsis difficult
to compare with water quality in streams because of the
effects of water residence time; therefore, lake and
reservoir sites were removed from the database. This
removal greatly reduced the number of DWR, EPA,
and U.S. Army Corps of Engineers (COE) sitesand the
number of COE samplesin the final database. The
removal of unidentified sites—mostly BOR, EPA,
and California Department of Health Services
sites—reduced the number of nutrient samples.

Some entriesin the STORET database were
duplicates, or amost duplicates. If identical sites with
identical datawere reported by different agencies, the
original data and collecting agency were kept in the
database and the duplicate datawere deleted. Thiswas
common for CRWQCB and DWR data, when identical
sites or almost identical sites with different data were
reported by different agencies. These sites were
combined and assigned to the agency with the most
data (tables 4 and 5); the samples were apportioned
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Table 4. Number of sites and samples for nutrients and suspended sediments in initial and final databases, 1972-1990, by agency, San

Joaquin—Tulare Basins, California, study unit

Number of sites

Number of samples

Agency Database Nutrients Suspended Total' Nutrients Suspended
sediment sediment

Bureau of Reclamation Initial 147 10 148 1,444 11
Final 27 3 28 366 4

California Department of Health Services Initial 49 0 49 161 0
Final 5 0 5 36 0

California Department of Water Resources Initial 362 184 364 8,045 2,300
Final 227 109 227 2,873 995

California Regiona Water Quality Control Initial 63 95 112 728 939
Board Final 0 45 45 0 587
Merced Irrigation District Initial 0 5 5 0 24
Final 0 5 5 0 24

Modesto Irrigation District Initial 0 3 3 0 3
Final 0 3 3 0 3

Turlock Irrigation District Initial 0 6 6 0 18
Final 0 6 6 0 18

U.S. Army Corps of Engineers Initial 30 30 30 626 440
Final 8 8 8 345 270

U.S. Environmental Protection Agency Initial 86 1 87 282 6
Final 17 0 17 170 0

U.S. Forest Service Initial 3 0 3 18 0
Final 3 0 3 18 0

U.S. Geologicd Survey Initial 119 79 120 2,449 5,372
Final 82 56 85 1,649 4,316

Total Initial 859 413 927 13,753 9,113
Final 369 235 432 5,457 6,217

Isites with nutrient and(or) suspended sediment data.

among the agencies on the basis of the number of
samples. All nutrient data reported by the CRWQCB
also were entered into STORET by DWR, and these
duplicates were deleted.

Duplicate sites and data al so occur between the
STORET and NWIS databases. During the 1970s,
DWR data often were entered into both the STORET
and NWIS databases by DWR and USGS, respec-
tively. These sites and sampleswere removed from the
USGS list of sites and samplesin the database. At sites
sampled by both DWR and USGS, but primarily by
USGS, the DWR sites were del eted, and the DWR data
were combined with the USGS data for the site. The

best example of thisis the San Joaquin River near
Vernalis site, which has an abundance of USGS data.
Of the 542 DWR nutrient samplesreported for thissite,
224 were duplicates and, therefore, were deleted.
Thefinal, screened NAWQA database is
summarized in table 4. This database, discussed in
detail in the section “Description of Available Data,”
contains nutrient and(or) suspended sediment data for
432 sites including 5,457 nutrient samples and 6,217
suspended sediment samples. The DWR and USGS
collected most of the datain the final database,
although the CRWQCB contribution of suspended

sediment data is significant.
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Table 5. Number of sites and samples removed from initial database, San Joaquin—Tulare Basins, California, study unit

[STORET, STOrage and RETrieval database of the U.S. Environmental Protection Agency; NWIS, National Water | nformation System of

the U.S. Geological Survey]

Removal category

. Waste-  Lakes U_n knom_ln . Dup_licate
Agency Water  Agricul- water and Urban _(snes with Du_phc_ate sites
supply tur_al treatment reser-  runoff madeq_uate sitesin  between Totals
canals drains . location STORET NWIS and
plants  voirs descriptions) STORET
Number of sites with nutrient and(or) suspended sediment samples
Bureau of Reclamation 13 73 0 0 0 27 6 1 120
California Department of Health Services 0 0 1 12 0 21 0 0 44
California Department of Water Resources 14 a2 5 52 0 5 8 11 137
California Regional Water Quality Control Board 0 0 0 1 0 2 64 0 67
U.S. Army Corps of Engineers 0 0 0 14 0 0 8 0 22
U.S. Environmental Protection Agency 0 0 0 41 0 28 1 0 70
U.S. Geological Survey 2 6 1 3 4 0 0 19 35
Totals 29 121 17 123 4 83 87 31 495
Number of nutrient samples
Bureau of Reclamation 47 791 0 0 0 211 29 0 1,078
California Department of Health Services 0 0 29 60 0 36 0 0 125
California Department of Water Resources 2,106 2,529 22 159 0 5 25 326 5,172
California Regional Water Quality Control Board 0 0 0 0 0 0 728 0 728
U.S. Army Corps of Engineers 0 0 0 281 0 0 0 0 281
U.S. Environmental Protection Agency 0 0 0 41 0 70 1 0 112
U.S. Geological Survey 66 17 13 15 396 0 0 293 800
Totals 2219 3,337 64 556 396 322 783 619 8,296
Number of suspended sediment samples
Bureau of Reclamation 0 5 0 0 0 2 0 0 7
California Department of Health Services 0 0 0 0 0 0 0 0 0
California Department of Water Resources 383 473 11 40 0 0 14 384 1,305
Caifornia Regional Water Quality Control Board 0 0 0 1 0 19 332 0 352
U.S. Army Corps of Engineers 0 0 0 170 0 0 0 0 170
U.S. Environmental Protection Agency 0 0 0 0 0 6 0 0 6
U.S. Geological Survey 60 0 0 0 349 0 0 647 1,056
Totals 443 478 1 211 349 27 346 1,031 2,896
ANALYSIS TECHNIQUES sites with data, produce boxplots, analyze trends, and

Statistical softwareprograms used to analyze the
database for thisreport include PT2, ESTIMATOR,
Statistical Analysis System (SAS), and STATIT. The
PT2 and ESTIMATOR (Cohn and others, 1989)
programs were developed by the Systems Analysis
Branch of the USGS. PT2 islinked with the
ARC/INFO Geographic Information System software,
and resultsfrom PT2 can be presented graphically with
amap of an area. The PT2 program was used to show
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present scatterplots and plots of flow versus
concentration. Two statistical programs—SAS and
STATIT—were used to test whether concentrations at
different sites were significantly different.
ESTIMATOR was used for load calculations.

The trend-analysis program in PT2 performs a
seasonal Kendall test using an alphalevel of 5 percent.
TousePT2for trend analysis at asite, (1) the datamust
have spanned most of the period of analysis, and (2) for
agiven seasonal freguency, the beginning and ending
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portions of the record must have sufficient data so that
most of the possible number of pairwise comparisons
madein the seasonal Kendall test were present for most
of the seasons (Lanfear and Alexander, 1990). The PT2
program initially tries to run a monthly seasonal
Kendall test. If there are not enough data, it triesa
bimonthly test and finally a quarterly test.

Constituent concentrations commonly are
related to streamflow, and trend testsgenerally are done
to study changes in concentrations resulting from
effects other than streamflow. Thus, PT2 uses flow
adjustment procedures to remove the effect of stream-
flow variations on concentration trends. PT2 adjustsfor
flow with aL Ocally WEighted Scatterplot Smoothing
(LOWESS) technique. LOWESS isarobust smoothing
technique that describes the rel ationship between y and
x without assuming linearity or normality of the
residuals (Helsel and Hirsch, 1992). It describes the
data pattern whose form depends on the smoothing
coefficient. A smoothing coefficient of 0.5 was used for
all LOWESS applicationsin this study. PT2 requires at
least 25 samples with streamflow values to adjust for
flow. If atrend test cannot be runwith flow adjustment,
then a concentration-only test is done.

Version 92.11 of ESTIMATOR was used for this
study; it uses standard output files of streamflow and
constituent concentration from NWIS asinput data
files. These data are used to devel op arelation between
streamflow and concentration for calculating |oads.
The ESTIMATOR program first runs a calibration
period for flows and concentrations (Cohn and others,
1989). Only concentrations with associated stream-
flows (instantaneous or daily mean) are used in the
calibration process. For the load-estimation period,
there must be a streamflow value for every day. The
ESTIMATOR program provides estimated daily,
monthly, or annual loads with standard errors and
standard errors of prediction. Thus, confidence
intervals for the load estimates can be cal culated.

The sign test was used to determineif NWIS and
STORET datapairsaresignificantly different. Thesign
test of the STATIT program determinesif x isgenerally
larger (or smaller, or different) thany for data pairs
(%, y) i=1,...n. It isafully nonparametric test and may
be used regardless of the distribution of the differences
(Helsel and Hirsch, 1992).

In these calculations, Tukey's test was used to
determine if nutrient and suspended sediment
concentrations are significantly different at different
sites. Tukey'stest of the SAS statistical program was

run on the ranks of the concentration data. This
provides a nonparametric multiple comparison of the
medians of the ranks (Helsel and Hirsch, 1992).

QUALITY ASSURANCE AND QUALITY CONTROL

Quality assurance (QA) and quality control (QC)
programs of the DWR, BOR, and USGS were
evaluated. Evaluations include methods of field
collection, laboratory analysis, and reporting of the
data. Following the eval uations of QA/QC programs,
the potential biases introduced by different field and
laboratory methods are evaluated as they relate to the
results of data analyses presented in this report.

The DWR began a comprehensive QA/QC
program in 1988 (California Department of Water
Resources, 1994b). This program had little impact on
the DWR data collected and analyzed during the study
period of thisreport (1972—1990). All surface water
samples collected by DWR during the study period
were grab samples. These sampleswere collected from
only one point in the stream cross-section, whereas
width- and depth-integrated samples were collected
from throughout the stream cross-section. Most DWR
samples were analyzed at the DWR Bryte laboratory,
although other contract labs were used on occasion.
Although the Bryte laboratory currently has a QA/QC
program (California Department of Water Resources,
1994c), itisdifficult to evaluate the QA/QC procedures
that existed for most of the study period. DWR data
collected prior to 1988 were obtained through
STORET. DWR data collected after 1988 were not in
STORET but were obtained directly from DWR by
computer tape.

Prior to 1984, the BOR Sacramento office did
not have acomprehensive QA/QC program. All surface
water samples collected by BOR were grab samples.
USGS review of nutrient analyses by the BOR
Sacramento laboratory (M.O. Fretwell, M.J. Fishman,
and R.T. lwatsubo, U.S. Geologica Survey, written
commun., 1984) found that organic nitrogen and
phosphorus were digested by nonstandard procedures.
Asaresult, the reported results for total nitrogen and
total phosphorus werelikely to be biased low.

After 1984, the BOR Sacramento office
collected primarily width- and depth-integrated
samples for surface water (Bureau of Reclamation,
1993). Theimprovements recommended by the USGS
review resulted in a QA/QC program that included
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better documentation of methods, better chain-of-
custody recordsfor samples, and 25 percent of thetotal
samples were collected for QC. The QC samples
included 10 percent duplicates, 10 percent spikes, and
5 percent blanks. Thus, BOR data since 1984 should be
directly comparable to USGS data. BOR data for the
entire study period were retrieved from STORET.

Details on the general QA/QC program of the
USGS are given by Fishman and Friedman (1989),
Friedman and Fishman (1989), and Peart and Thomas
(1983). Most USGS surface water samples are width
and depthintegrated. Most USGS dataevaluated in this
study were analyzed at the National Water Quality
Laboratory (NWQL) in Denver and were entered into
both NWIS and STORET. During the study period, the
QA/QC program of the NWQL included chain-of-
custody records for samples, documentation of
methods, and at least 15 percent QC samples.

Despite the attention to QA/QC, there were
analytical problemsfor USGS nutrient analyses during
the study period. From 1973 until May 1990, the
digestion step of the phosphorus method at the NWQL
was incomplete for samples with high concentrations
of suspended sediment (D.A. Rickert, Office of Water
Quality, U.S. Geological Survey, written commun.,
1992), and the reported values for orthophosphate and
total phosphorus probably are biased low. A study of
QA records for the NWQL for total and dissolved
phosphorus, ammonia, and Kjeldahl nitrogen indicated
an apparent positive bias (consistently high readings
compared to standards) for water years 1980 and 1981
(Alexander and others, 1993). Thispositive bias affects
the reported values of orthophaosphate, total phos-
phorus, ammonia, and total nitrogen. However, acom-
parison of methods used by USGSfor nutrient analyses
during 1965-1982 showed no significant differences
among the methods (Friedman and Fishman, 1989).

Historical datafrom STORET could be biased
due to the preponderance of grab samples. For reason-
ably well-mixed streams, a grab sample usualy is
sufficient for dissolved species(M.O. Fretwell and R.T.
Iwatsubo, U.S. Geological Survey, written commun.,
1984; Martin and others, 1992). However, grab sam-
plesare usually biased low for suspended sediment and
the particulate (suspended) fraction of nutrient species.
This bias would be expected with all non-USGS data,
except for BOR data collected after 1984.

To evaluate the effects of different field and
laboratory methods, NWIS and STORET data were
compared for nitrate, ammonia, total nitrogen, ortho-
phosphate, total phosphorus, and suspended sedi ment

at the San Joaquin River near Vernalis site (fig. 16).
These comparisons include only data collected within
one day of each other. Thisisthe only sitein the study
area with the overlapping NWIS and STORET data
needed for this comparison. The NWIS and STORET
data for the nutrient species are not significantly
different (at the 95-percent confidence level) on the
basis of the nonparametric sign test. The NWIS
suspended sediment values are significantly greater
(p<0.0001) than the STORET suspended solids values
and the median difference between the NWIS and
STORET valuesat Vernaliswas 24 mg/L. However, for
thisreport, theterm “ suspended sediment” will be used
to include suspended solids.

Biasesin the NAWQA database primarily affect
use of thedatafor trend analyses and | oad calculations.
However, the bias affects boxplots of suspended sedi-
ment concentrations. The high biasin USGS data for
orthophosphate, total phosphorus, ammonia, and total
nitrogen during water years 1980 and 1981 was
avoided in trend analysis. The mixing of NWIS and
STORET data for trend analysis of suspended
sediment concentrations could lead to inappropriate
trend conclusions. Load calculations of total
phosphorus using either NWIS or STORET data
should be considered as minimum estimates. Load
calculations and boxplots for suspended sediments
using primarily STORET data also should be
considered as minimum estimates.

DESCRIPTION OF AVAILABLE DATA

Timing and Location of Sampling

Prior to screening, nutrient and(or) suspended
sediment data were available for 927 sites in the study
unit. The removal of duplicate sites, individual
subsurface agricultural drains, treatment plant
effluents, water supply systems, lakes, urban runoff
sites, and unidentified sites reduced thisto 432 sitesin
the final NAWQA database. Of these sites, 369 had at
least one sample analyzed for nutrients between 1972
and 1990, and 235 had at |east one sample analyzed for
suspended sediment (fig. 17). Data analysisin this
report islimited to 49 long-term water quality
monitoring sites (fig. 18, table 6). These sites are
relatively current (sampled since 1985), and either have
30 or more nutrient or suspended sediment samples or
have special spatial importance. Several of these sites
in the lower San Joaguin River Basin were primarily
sampled during 19851988 as part of either a USGS
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Figure 16. Comparison of nutrient and suspended-sediment data from the National Water Information System (NWIS) of the U.S. Geological
Survey and the STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency for San Joaquin River near Vernalis,
California, 1972-1990. The null hypothesis is that the median of NWIS data equals the median of STORET data.
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EXPLANATION
San Joaquin Valley
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Note: See table 6 for site names
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Figure 18. Long-term water quality monitoring sites in San Joaquin—Tulare Basins, California, study unit. National Water Information System
(NWIS) of the U.S. Geological Survey; STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin—Tulare Basins, California, study unit

[Site ID: unique number for each site. Fifteen digit numbers are based on the geographic location of the site, beginning with the latitude and
longitude. Eight digit numbersrefer to frequently sampled sites along amajor stream; the number is assigned in downstream order.
Acronyms: BOR, Bureau of Reclamation; COE, U.S. Army Corps of Engineers;, CRWQCB, California Regional Water Quality Control

Board, Central Valley Region; DWR, California Department of Water Resources; USGS, U.S. Geological Survey; ft, foot; mi, mile; mi2,
square mile. Seefigs. 6, 15 and 18]

. . . Altitude Drainage Environmental Major land use” (Anderson Collecting
Site No. Sito name (site ID) (ft) area (mi?) setting Level Il) agency2
Tulare Basin
1 Kern River at Kernville (11187000) 2,622 1,027 SierraNevada Forest—evergreen USGS, DWR
2 Kern River below IsabellaDam 2435 2,074 SierraNevadalreservoirs Forest—evergreen DWR, COE
(353830118284801)
3 Kern River near Bakersfield 581 2,406 SierraNevadalreservoirs Forest—evergreen DWR
(352636118513001)
4 Kings River below North Fork, near 942 1,342 SierraNevada Forest—evergreen USGS, DWR,
Trimmer (11218500) COE
5 Kings River below Pine Flat Dam 557 1,545 SierraNevadalreservoirs Forest—evergreen DWR, COE
(364948119200601)
6 Kings River below Peoples Weir 279 1,742 SanJoaquin Vdley, east Agriculture—orchards DWR, USGS
(362912119321201) side/alluvial and vineyards
7 Tule River near Springville 680 247 SierraNevada Forest—evergreen DWR, COE
(360542118501201)
8 TuleRiver below Success Dam 536 393 SierraNevadalreservoirs Forest—evergreen DWR, COE,
(360324118552401) USGS
9 Kaweah River at Three Rivers 810 418 SierraNevada Forest—evergreen DWR, COE
(362636118540601)
10 Kaweah River below Terminus Dam 495 561 SierraNevada/reservoirs Forest—evergreen DWR, USGS
(362448119004201)
San Joaquin Basin
11 San Joaquin River south fork at Mono Hot 6,949 184 SierraNevada Forest—evergreen DWR, USGS
Springs (371830118574201)
12 San Joaquin River below Kerckhoff 564 1,480 SierraNevada Forest—evergreen DWR, USGS
Powerhouse (370445119333601)
13 San Joaquin River below Friant Dam 295 1,676 SierraNevadalreservoirs Forest—evergreen DWR
(365900119432401)
14 San Joaguin River near Mendota 150 ®) &) Agriculture—cropland DWR, USGS
(364836120223601) and pasture
15 Fresno River below Hidden Dam 384 258 SierraNevadalreservoirs Forest—evergreen DWR, COE
(370548119532401)
16 San Joaquin River near Stevinson 63 4818  San Joaquin River Agriculture—cropland USGS, DWR,
(11260815) integrator site and pasture BOR
17 Panoche Drain near Dos Palos 141 566 San Joaquin Valley, west Agriculture—cropland DWR
(365524120411802) side/alluvial and pasture
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare Basins, California, study
unit—Continued

. . . Altitude Drainage Environmental Major land use' (Anderson Collecting
Site No. Site name (site D) ()  area(mi®) setting Level I1) agency?
18 Camp 13 Slough near Oro Loma 131 59 San Joaquin Valley, west Agriculture—cropland DWR
(365630120451802) side/alluvial and pasture
19 Salt Slough near Stevinson (11261100) 65 7473 San Joaguin Valley, west  Agriculture—cropland USGS, DWR,
side/alluvial and pasture BOR
20 San Joaguin River at Fremont Ford Bridge 56  #1,329 San Joaquin River Agriculture—cropland DWR, USGS,
(371836120554204) integrator site and pasture BOR
21 Mud Slough near Gustine (11262900) 72 7473 San Joaquin Valley, west  Agriculture—cropland USGS, BOR
side/alluvial and pasture
22 Merced River at Happy Isles Bridge 4,020 181 SierraNevada Forest—evergreen USGS, DWR
(11264500)
23 Merced River near Briceburg (11268200) 1,194 691 SierraNevada Forest—evergreen USGS, DWR
24 Merced River below Merced Falls 310 1,062 SierraNevadalreservoirs Forest—evergreen DWR, USGS
(373115120195501)
25 Merced River at Milliken Bridge 63 1,362 SanJoaquin Valley, east  Agriculture—orchards DWR, USGS
(372142120510001) side integrator site and vineyards
26 Merced River near Stevinson (11272500) 55 1,394 SanJoaquin Valley, east Agriculture—orchards USGS
side integrator site and vineyards
27 San Joaquin River near Newman 49 43,329 San Joaguin River Agriculture—cropland  USGS
(11274000) integrator site and pasture
28 Orestimba Creek at Highway 33 105 87 SanJoaquin Valley, west Agriculture—cropland DWR, USGS
(372236121032401) side/alluvial and pasture
29 Orestimba Creek at River Road 50 811 SanJoaguin Valley, west Agriculture—cropland CRWQCB
(372520121000901) side/alluvial and pasture
30 Spanish Grant Combined Drain 45 822 San Joaquin Valley, west Agriculture—cropland CRWQCB
(372608121015901) side/alluvial and pasture
31 San Joaguin River near Patterson 35 43,736 San Joaquin River Agriculture—cropland USGS, DWR
(11274570) integrator site and pasture
32 Olive Avenue Drain (373027121051501) 40 8 San Joaquin Valley, west Agriculture—orchards CRWQCB
side/alluvial and vineyards
33 Del Puerto Creek at Vineyard Road 88 88 San Joaguin Valley, west  Agriculture—orchards CRWQCB
(373220121072201) side/alluvial and vineyards
34 San Joaguin River near Grayson 25 44,035 San Joaquin River Agriculture—cropland DWR
(373348121090601) integrator site and pasture
35 Grayson Road Drain (373343121102701) 40 4 San Joaquin Valey, west Agriculture—cropland CRWQCB
side/alluvial and pasture
36 Tuolumne River at Tuolumne Meadows 8,700 75 SierraNevada Forest—evergreen DWR

34

(375242120173601)
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin—Tulare Basins, California, study
unit—Continued

. . . Altitude Drainage Environmental Major land use' (Anderson Collecting
SiteNo. Site name (site D) (ft)  area(mi?) setting Level Il) agency?

37 Tuolumne River a LaGrange Bridge 170 1,542 SierraNevadalreservoirs Forest—evergreen DWR, USGS
(374000120274201)

38 Tuolumne River at Modesto (11290000) 40 1,842 SanJoaquin Valley, east  Agriculture—orchards USGS

side integrator site and vineyards

39 Tuolumne River at Tuolumne City 28 1,862 SanJoaquin Valley, east  Agriculture—orchards DWR, USGS
(373612121080001) sideintegrator site and vineyards

40 Ingram Creek at River Road 52 811 San Joaquin Valley, west Agriculture—cropland CRWQCB
(373601121132701) side/alluvial and pasture

41 Hospital Creek at River Road 49 85 San Joaquin Valley, west  Agriculture—cropland CRWQCB
(373638121134301) side/alluvial and pasture

42 San Joaquin River at Maze Road 17 46,089 San Joagquin River Agriculture—cropland USGS, DWR
(11290500) integrator site and pasture

43 StanislausRiver Middle Fork at Dardanelle 6,326 48 SierraNevada Forest—evergreen DWR, USGS
(382030119492401)

44  Stanislaus River below Goodwin Dam 253 984 SierraNevadalreservoirs Forest—evergreen DWR
(375106120381201)

45 Stanislaus River at Ripon (113030000) 40 1,111 San Joaquin Vdley, east Agriculture—orchards USGS

side integrator site and vineyards

46 Stanislaus River at Koetitz Ranch 25 1,144 San Joaquin Valley, east  Agriculture—orchards DWR, USGS
(374200121101201) side integrator site and vineyards

47 San Joaguin River near Vernais 13 47,345 San Joaquin River Agriculture—cropland USGS, DWR
(11303500) integrator site and pasture

48 Mokelumne River near Mokelumne Hill 585 544 SierraNevada Forest—evergreen DWR
(381846120430901)

49 Mokelumne River at Woodbridge 15 657 SanJoaquin Valey, east  Agriculture—orchards USGS, DWR

(11325500)

side integrator site

and vineyards

I Thisisthe major land use affecting water quality at the site (for example, at site 25, more than 1,000 of the 1,362 mi? drainage area is

forest land, but the major land use affecting water quality is agriculture) (Anderson and others, 1976).

2 Listed in order of importance (number of samples). If USGS is listed first, the site is shown as NWIS site in figure 18. Other sites are
shown as STORET sites.

3 Most water at this site has been transported from the Sacramento—San Joaquin Delta, more than 100 mi to the north, through the Delta—
Mendota Canal.

4 The perennia stretch of the San Joaguin River begins with the inflow from Bear Creek just upstream of the Stevinson site. The drainage
areafor the San Joaquin River near Stevinson siteis the area drained by Bear Creek. Downstream San Joaquin River sites are adjusted
accordingly.

5 Area of the Panoche Drainage District.

6 Area of the Pacheco Water District.

7 Areaof the combined Salt Slough and Mud Slough drainages, which are interconnected. Drainage can go either way.

8 Drainage areain the valley only. The Coast Ranges usually do not contribute to flows at these sites, especially during the irrigation
season, and are not included.
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study (nutrients and suspended sediment) or ajoint
CRWQCB-U.S. Soil Conservation Service study
(suspended sediment).

The final NAWQA database includes 5,457
nutrient values (70 percent from STORET) and 6,217
suspended sediment values (69 percent from NWIS).
The San Joaquin River near Vernalis (site no. 47,
fig. 18) isthe outlet site for the San Joaquin Basin and,
asaUSGS National Stream Quality Accounting
Network (NASQAN) site, has been sampled
frequently. It isa combined NWIS and STORET site,
but because of itswealth of NWIS suspended sediment
datais considered to be aNWIS site for thisreport. At
the Vernalissite, 558 nutrient samples (43 percent from
NWIS) and 3,518 suspended sediment samples
(91 percent from NWIS) weretaken at the Vernalis site
during 1972—-1990. Without the Vernalis site, the
STORET database accounts for 71 percent of the
nutrient samples and 59 percent of the suspended
sediment samples.

Atthe49long-term sites(fig. 18), 3,397 samples
wereanalyzed for nutrients (60 percent from STORET)
and 5,089 samples for suspended sediments (81
percent from NWIS). Excluding samples from the San
Joaquin River near Vernalis site, these percentages
change (61 percent STORET samplesfor nutrients and
58 percent NWI S samples for suspended sediment).

The 369 sites with nutrient data are shown in
figure 19 as either NWIS or STORET sites. Sites with
data from both are given the symbol of the dominant
data source (for example, NWIS for the San Joaquin
River near Vernalis site). The 287 STORET sites
increase the spatial coverage of the 82 NWIS sites,
particularly in the Sierra Nevada and Coast Ranges
environmental settings. Distribution of the 369 nutrient
sites and 5,457 nutrient samplesis shown in figure 20
by environmental setting. These correspond to those
shown in figures 15 and 16, with the addition of a
Sierra Nevada reservoirs subcategory and a mainstem
San Joagquin River category. The reservoirs
subcategory includes sitesin the Sierra Nevada
foothills just downstream from major reservoirs. The
San Joaquin River sites integrate the valley east side
and west side environmental settings. The Sierra
Nevada, including the Sierra Nevada reservoirs
category from both basins, accounts for 50 percent of
the nutrient sites and 37 percent of the nutrient
samples, and the San Joaquin River sites between
Mendota Pool (site 14, fig. 18) and Vernalis (site 47)
account for 6 percent of the sitesand 21 percent of the
samples. Alluvial fansin the valley portion of the San

Joaquin Basin (fig. 15) account for 22 percent of the
sites and 24 percent of the samples.

The 235 sites with suspended sediment data are
shown in figure 21. The 179 STORET sitesimprove
the spatial coverage provided by the 56 NWIS sites,
particularly in the Sierra Nevada part of the Tulare
Basin. Thedistribution of the 235 sites and 6,217
samplesis shown in figure 22 by environmental
setting. Only 9 percent of the sites, but 62 percent of the
samples, are from the San Joaquin River (3,518
suspended sediment samples were from the Vernalis
site). Approximately 34 percent of the sitesand 13
percent of the samples are from the Sierra Nevada
(including the Sierra Nevada reservoirs category).
Alluvial fans in the San Joaguin Basin account for 34
percent of the sites and 19 percent of the samples.

The 34 long-term STORET sites (fig. 18)
improvethe spatial coverage provided by the 15 NWIS
sites, particularly in the Sierra Nevada portion of the
Tulare Basin and along the upper San Joaguin River.
The environmental setting distribution of nutrient and
suspended sediment samples at the 49 long-term sites
is shown in figure 23. The San Joaquin River sites
account for 16 percent of the sites, 33 percent of the
nutrient samples, and 75 percent of the suspended
sediment samples. The aluvia fansin the San Joaquin
Basin account for 39 percent of the sites, 28 percent of
the nutrient samples, and 14 percent of the suspended
sediment samples. The Sierra Nevadaand Sierra
Nevada reservoirs account for 22 percent of the sites,
23 percent of the nutrient samples, and 8 percent of the
suspended sediment samples.

The percentage of samples collected during the
irrigation season at the long-term sites in the
agriculture-dominated valley environmental setting is
shown in figure 24. Although irrigation in the study
unit generally beginsin March, there frequently are
significant stormsin March. Thus, the period when
water quality in the study unit is primarily affected by
irrigation return flows is defined as April through
September (50 percent of the year). There generaly is
not much difference in the sampling frequency
between irrigation and nonirrigation seasons, except
for suspended sediment in the west side alluvial fans of
the San Joaquin Basin. Most suspended sediment
sampling by the CRWQCB and local water districts
was done during the summer months. Therefore, most
suspended sediment data are from this period, and the
data are biased.
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Figure 19. Nutrient data sites in San Joaquin—Tulare Basins, California, study unit, 1972—-1990. National Water Information System (NWIS) of
the U.S. Geological Survey; STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency.
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Streamflow at Time of Water Quality Sampling To evaluate the NAWQA database for possible
biaswith regard to streamflows at time of sampling, we
chose 8 of the 49 long-term monitoring sites as repre-
sentative. These eight sitesincludethree SierraNevada
sites, three San Joaquin Valley sites (onewest side and
two east side), and two mainstem San Joaquin River
sites (figs. 25 and 26). For each site, the number of
nutrient and suspended sediment samples collected
during each 10 percent of streamflow for the period of
sampling were counted. Thefirst 10 percent of stream-
flow (O to 10) represents the lowest 10 percent of
suspended sediment concentrationsaretypically lower streamflows during the given time period. For evenly
at low streamflows, and this biased sampling may distributed, unbiased sampling, 10 percent of the
produce mean suspended sediment concentrationsthat ~ Sampleswould be collected during each 10 percent of

Itisimportant to know the streamflow at thetime
of water quality sampling and how it comparesto long-
term streamflow. An even distribution of sampling
across streamflow regimes isimportant to represent
constituent concentrations adequately and for calcu-
lating loads. Concentrations of dissolved nutrients
(nitrate, ammonia, and orthophosphate) are typically
higher at low streamflows, and sampling that is biased
towards|ow streamflowswould produce mean nutrient
concentrations that may be biased high. Also,

are biased low. For load calculations, it is especially streamflow.

important to have sufficient samples at high The main concernis possible biasin sampling at

streamflows because most of the annual load is the extremes of streamflow (0—10 and 91-100 percent)

transported at high streamflows. (figs. 25 and 26). For nutrients, there isa slight bias
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Figure 20. Nutrient samples and sampling sites by environmental settings in San Joaquin—Tulare Basins, California, study unit. See figure 15
for environmental settings.

38 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990



EXPLANATION
] San Joaquin Valley
A NWIS site
\4 STORET site
—— — — Study unit boundary

7 vTuovusr%(r)\eRWer g

° N 77\7”%\\
0 40 MILES 35 —i\ ~ v

} — ! ‘ N »«\\/
0 40 KILOMETERS ~

Figure 21. Suspended sediment data sites in San Joaquin—Tulare Basins, California, study unit. National Water Information System (NWIS)
of the U.S. Geological Survey; STOrage and RETrieval (STORET) database of the U.S. Environmental Protection Agency.
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Figure 22. Suspended sediment samples and sampling sites by environmental settings in San Joaquin—Tulare Basins, California, study unit. See

figure 15 for environmental settings.

towards sampling at higher streamflows at the
Tuolumne River at Modesto (site 38, fig. 18) and the
San Joaquin River near Newman (site 27), a shortage
of sampling at the lowest streamflowsat the Tule River
below Success Dam (site 8), and an abundance of
sampling at the lowest streamflows at the M okelumne
River at Woodbridge (site 49). For suspended sedi-
ments, there were no samples at thelowest streamflows
at the Tule River below Success Dam (site 8, fig. 18),
and an abundance of samplesat high streamflows at the
San Joaguin River near Newman (site 27). For the
3,471 suspended sediment sampl es collected at the San
Joaquin River near Vernalis (site 47) with associated
streamflow values, there was a slight abundance of
sampling at the lowest streamflows and a slight short-
age of sampling at the highest streamflows. The
Vernalis site had daily samples for water years
1973-1982 and reduced sampling (weekly, biweekly,
or monthly) during the remainder of the study period.
Thus, statisticsfor 1973-1982 dominated the summary

40

for the study period and included the lowest streamflow
period (1977), but missed the highest streamflow
period (1983). This explains the bias seen in figure 26
at the Vernalis site. This biasis removed by reducing
the Vernalis database to monthly sampling for the study
period.

In general, the sampling of nutrients and
suspended sediments at these eight representative sites
isfairly well distributed across the streamflow regime,
and the resulting database probably isrepresentative of
concentrationsat these sites. Samples coll ected at these
8 sites constitute 26 percent of the nutrient samples
collected at the 49 long-term sites (16 percent if the San
Joaquin River at Vernalis site is excluded) and 77
percent of the suspended sedi ment samples (29 percent
if the Vernalis site is excluded). Aswith most of the
long-term monitoring sites, these eight sites are
generally sampled on aregular monthly or quarterly
schedule, which results in collection of samples that
represent the overall streamflow regime at these sites.

Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990
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Figure 23. Nutrient and suspended sediment samples and sampling sites for long-term sites by environmental settings in San Joaquin—Tulare

Basins, California, study unit. See figure 15 for environmental settings.

DESCRIPTION OF CONSTITUENT
CONCENTRATIONS BY ENVIRONMENTAL
SETTING

Differences in Constituent Concentrations Among
Environmental Settings

The differences in constituent concentrations
among environmental settings are illustrated by
boxplots of nitrate, ammonia, total nitrogen,
orthophosphate, total phosphorus, and suspended
sediment at several representative long-term sites
during 1972-1990 (fig. 27). The environmental
settings considered are San Joaquin Valley west and
east sides and Sierra Nevada (fig. 15B). Discussion of
the Coast Ranges environmental setting isnot possible
due to insufficient data. The range of letters from
Tukey’stest on ranks by environmental settingisgiven
in table 7 and on boxplotsin figure 27. Boxplots are
useful to compare groups of datavisually. The boxplots
produced by PT2 are called 10-90 boxplots. The box
includes the middle 50 percent of the data, and the

whiskers extend to the 10th and 90th percentiles. The
PT2 boxplots use alog scale of concentration on the
y-axis. Likewise, the streamflow valuesinthe PT2 plots
of constituent concentration versus streamflow are
plotted on alog scale. Boxplots with a common |etter
arenot significantly different at a0.05 al phalevel based
on Tukey’s test on ranks (Helsel and Hirsch, 1992).
Although only selected long-term sites are shown in
figure 27, the Tukey’stest results (table 7) are based on
all long-term sites with sufficient data, including
mainstem San Joaguin River sites.

The valley west side sites include two agricul-
tural drains (Panoche Drain near DosPalos[site 17, fig.
18] and Camp 13 Slough near Oro Loma[site 18]), two
sloughs dominated by surface and subsurface agricul-
tural drainage (Mud Slough near Gustine [site 21] and
Salt Slough near Stevinson [site 19]), and two creeks
dominated by surface agricultural drainage during
irrigation season (Orestimba Creek [sites 28 and 29]
and Del Puerto Creek at Vineyard Road [site 33]). The
valley east side sitesinclude the three major tributaries
to the lower San Joaquin River (Merced River near
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Figure 24. Percent of nutrient and suspended sediment samples
collected during the irrigation season at long-term sites in the San
Joaquin Valley, California. See figure 15 for environmental settings.

Stevinson [site 26], Tuolumne River at Modesto [site
38], and Stanidaus River at Ripon [site 45]), the
Mokelumne River at Woodbridge (site 49), and onesite
fromtheTulareBasin (KingsRiver bel ow PeoplesWeir
[site 6]) (fig. 18).

The valley west side sites have significantly
higher concentrations of nitrate, total nitrogen, total
phosphorus, and suspended sediment than the valley
east side and Sierra Nevada sites (table 7). Thisis due
to the high nitrate concentrations in subsurface
drainage and the easily erodible fine-grained soils on
the west side of the valley, which cause suspended
sediment concentrations to be higher and more
particulate forms of nutrients to be transported.

Inthe agricultural drains on the valley west side,
nitrate concentrations are especially high, mostly from
native soil nitrogen in the ground water of the west
side, which is transported through subsurface
agricultural drains (Brown, 1975). Most exceed the
EPA maximum contaminant level for drinking water of
10 mg/L asN (U.S. Environmental Protection Agency,
1986); however, these drains are not drinking water
sources. The other west side sites contain more dilution
water (operational spills, tailwater, natural runoff) and
thus have lower concentrations.

Subsurface agricultural drains are not a major
source of total phosphorus and suspended sediment and
have concentrations comparable to other valley west
side sites. The easily erodible, fine-grained soils of the
west side contribute to higher suspended sediment
concentrations, which carry higher concentrations of
nutrients relative to the coarser grained east side soils.
The difference in suspended sediment concentration
between west side and east side would be even more
apparent except that most west side values were from
grab samplesthat werebiased low (fig. 16F), whereasall
east side values were from width- and depth-integrated
samples.

Nutrient and suspended sediment concentrations
arelow at all the Sierra Nevada sites (fig. 27). Most of
the nitrate and orthophosphate concentrations are below
the reporting level. Much of the variation among Sierra
Nevada sitesis afunction of altitude: higher altitude
sites generally have lower concentrations of nutrients
and suspended sediment due to less disturbance in the
drainagebasin. Despitetherel atively low concentrations
of nutrients and suspended sediment at Sierra Nevada
sites, not al sitesare significantly lower than valley east
side sites (table 7). The source of water for valley east
side sitesis the Sierra Nevada, and concentrations of
nutrients and suspended sediment often are not
significantly different. The effect of agriculture at the
valley east side sites is dependent on the season and
artificial agricultural drainage systems upstream from
thevalley sites.

Contrast in the grain size of suspended sediment
can be seen by plotting the percentage of suspended
sediment that is less than 0.062 millimeters (mm) in
diameter. Thisisthe approximate break between the
clay and silt fraction, and the sand and gravel fraction.
The median of suspended sediment less than 0.062 mm
in diameter at valley west side sitesis 96 percent
(fig. 28). For the San Joaquin River sites, thismedianis
92 percent. For valley east side sites, the medianis 80
percent, and for the Sierra Nevada sites it is 54 percent.
Thissuggeststhat most of the suspended sediment inthe
San Joaquin River originates from valley west side
inputs, despite more than 75 percent of the flow in the
San Joaquin River originating from east side sources
(Kratzer and others, 1987). On the basis of the higher
percentage of fine-grained suspended sediments from
west side inputs, one would expect higher concentra-
tions of nutrients attached to suspended sediment from
the west side.

Although only nutrient and suspended sediment
concentrations are evaluated in this report, the median
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Figure 25. Percent of streamflow associated with nutrient samples collected at selected sites in San Joaquin—Tulare Basins, California,
study unit. See figure 18 for site locations.
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Figure 26. Percent of streamflow associated with suspended sediment samples collected at selected sites in San Joaquin—Tulare
Basins, California, study unit. See figure 18 for site locations.
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Figure 27. Nutrient and suspended sediment concentrations at long-term water quality monitoring sites by environmental setting in San
Joaquin—Tulare Basins, California, study unit, 1972—1990. Letters on boxplots refer to results of Tukey's test on ranks (table 7). Site numbers
refer to table 6 and figure 18.
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Figure 27. Continued.
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Table 7. Summary of Tukey's test on ranks for nutrients and
suspended sediment at long-term water quality monitoring sites,
San Joaquin-Tulare Basins, California, study unit

[Sites with the same | etter are not significantly different at the
95-percent confidence level. A refers to highest concentrations; M
to lowest concentrations (see figs. 27-29)]

Environmental setting

San Joaquin San Joaquin

Constituent San Joaquin Sierra
VaIIe_y west River Valley east Nevada
side side
Nitrate A-F B-K G-M L-P
Ammonia A-H A-l E-M G-M
Total nitrogen A-D C-G G-l I-L
Orthophosphate B-E A-C D-I E-l
Total phosphorus A-D A-D E-H G-l
Suspended
sediment A-D C-F F-G F-G
Suspended
sediment size A-C A-E D-H H

values for specific conductance, pH, dissolved oxygen,
total hardness, total organic carbon, and chlorophyll a,
also are given in table 8 for long-term sites.

Concentrations of Constituents in the
Lower San Joaquin River

Nutrient and suspended sedi ment concentra-tions
along the mainstem San Joaguin River and its most
significant inputs affecting the concentrations are
shown in figure 29. For al constituents, the east side
tributaries dilute water in the San Joaquin River;

concentrations in the west side tributaries are equal to
or greater than those in the mainstem San Joaquin
River. Also, for all constituents, the dilution by east
side tributariesis not as great as would be expected
from mass balance cal cul ations due to other sources of
agricultural drainage to the mainstem San Joaquin
River, which are not shown. For nutrients, concen-
trations are determined primarily by relatively concen-
trated inputs from west side agricultural drainage,
discharges from east side wastewater treatment plants
and dairies, and by relatively dilute inputs from major
east side tributaries.

For example, nitrogen species, which have low
concentrations at the upstream San Joaquin River site
near Stevinson (site 16, fig. 18), increase greatly with
agricultural drainageinput from Salt and Mud sloughs.
Between Patterson and Vernalis (sites 31 and 47) the
concentrations are lower, as runoff from east side
tributaries enters the river (figs. 29A and C). This
patternis similar for other constituentsin the San
Joaquin River (Kratzer and others, 1987; Westcot and
others, 1991; Hill and Gilliom, 1993), including
selenium, boron, and dissolved solids. Ammonia
concentrations increase in the river between Newman
(site 27) and Patterson (site 31), which is not explained
by the inputs shownin figure 29B. Thisis partly dueto
the Turlock wastewater treatment plant dischargeto the
San Joaquin River through Turlock Irrigation District
drain lateral number 5 (fig. 13) and partly due to
discharges from dairies. In calendar year 1991, this
discharge had a mean ammonia concentration of

Number of samples

50 651 45 46 45 47 48

272 45 39 46 90 29 52 51
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Figure 28. Differences in suspended sediment size among environmental settings, 1972-1990, in San Joaquin—Tulare Basins, California, study
unit. Letters on boxplots refer to results of Tukey’s test on ranks (table 7). Site numbers refer to table 6 and figure 18.
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8.2 mg/L asN and amean flow of 13.2 ft3/s (based on
NPDES self-monitoring data) (California Regional
Water Quality Control Board, written commun., 1993).
The concentration pattern of the phosphorus
species (figs. 29D and E) in the mainstem San Joaquin
River is similar to that of the nitrogen species (figs.
29A—C), except that the concentrations at Stevinson
(site 16) were relatively high before inputs from the
west side. This pattern also applies to some other
constituents at this site (Hill and Gilliom, 1993;
Kratzer and others, 1987), such as molybdenum. The

source of water at Stevinson isacombination of ground
water accretions, agricultural return flows, wastewater
treatment plant effluent from Merced and other cities
through Bear Creek (fig. 10), and runoff from
rangeland in the lower Bear Creek watershed. Likely
sources of phosphorus are the rangeland and the
Merced wastewater treatment plant. Phosphorus levels
at Stevinson are essentially the same asthe levels
entering from thewest side sloughs. There also appears
to be a significant source of phosphorusto the
mainstem San Joaquin River between Newman

Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit

[First line represents median value. Second line shows number of samples, in italics. mg/L, milligram per liter; pg/L, microgram per liter;
uS/cm, microsiemen per centimeter at 25 degrees Celsius; mm, millimeter; <, less than; —, no data]

Site - Hardness, Nitrate, Nitroge_n, Nitrogen,
Specific Oxygen, . ammonia, .
No. . . total, dissolved, . Kjeldahl,
" Site name conductance pH dissolved dissolved,
(fig. (uS/cm) (mg/L) as CaC03 as N asN total, as N
18) (mg/L) (mg/L) (mg/L) (mg/L)
1 KernRiver a Kernville 109 75 10.3 34 0.10 0.02 0.21
112 124 121 110 104 63 104
2 Kern River below Isabella Dam 111 74 10.0 33 0.10 0.05 0.30
33 40 37 53 53 11 8
3 Kern River near Bakersfield 126 7.6 10.0 36 <0.10 — 0.30
a7 56 53 a7 46 — 29
4 KingsRiver below North Fork, near 43 7.2 10.7 14 <0.10 0.02 0.27
Trimmer 122 125 124 134 135 75 86
5 Kings River below Pine Flat Dam 34 7.3 10.8 12 <0.10 0.02 —
11 26 14 33 35 13 —
6 Kings River below Peoples Weir 67 7.2 9.9 23 0.15 0.02 0.20
50 66 63 48 58 13 33
7 Tule River near Springville 296 8.1 10.7 100 <0.10 0.02 0.23
23 27 27 40 44 12 7
8 Tule River below Success Dam 214 7.6 10.2 79 0.16 0.06 —
34 59 38 55 62 14 —
9 Kawesah River a Three Rivers 81 7.4 101 29 <0.10 0.03 0.20
21 27 27 41 42 13 9
10 Kaweah River below Terminus Dam 82 7.3 101 33 <0.10 — 0.30
34 50 46 41 46 — 17
11 San Joaguin River south fork at 27 7.2 8.8 7 <0.10 — 0.10
Mono Hot Springs 28 40 36 27 32 — 24
12 San Joaquin River below Kerckhoff 30 7.1 10.6 7 <0.10 0.02 0.14
Powerhouse 48 68 61 42 54 7 38
13 San Joaquin River below Friant 48 7.0 11.2 14 <0.10 — 0.23
Dam 43 51 a7 43 30 — 10
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(site 27) and Patterson (site 31) that is not shown in
figures 29D and E, probably dueto discharges from the
Turlock wastewater treatment plant and dairies.

The pattern of suspended sediment concentra-
tionsin the mainstem San Joaquin River (fig. 29F) also
issimilar to nitrogen concentrations. One differenceis
that dilution from east side tributaries does not lower
the river concentrations between Patterson and Maze
Road (sites 31 and 42, fig. 18), and only slightly lowers
the concentrations from Maze Road to Vernalis (sites

42 and 47). Thisis due to high suspended sediment
concentrations in several agricultural discharges that
enter the river from the west side. The seven largest
west side drains from Newman (site 27) to Vernalis
(sites 29, 30, 32, 33, 35, 40, and 41, fig. 18) are shown
in relation to mainstem sitesin figure 29F. The median
suspended sediment concentrationsin these seven west
side agricultural discharges range from 134 to 790
mg/L, compared with San Joaguin River concentra-
tions of 78 to 100 mg/L in this area. The locations of
other agricultural discharges are shown in figure 13.

Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Site Nitrogen,  Phosphorus, Ph_osphorus, Carbon, Sediment, .
dissolved, . Sediment,
No. . total, total, organic, Chlorophyll  suspended
X Site name orthophos- suspended
(fig. asN asP phate total a (ug/L) (percent (mg/L)
18) (mg/L) (mg/L) as P (mg/L) (mg/L) <0.062 mm)
1 Kern River at Kernville 0.26 0.02 0.01 20 — 60 5
105 110 68 17 — 52 111
2 Kern River below Isabella Dam 0.70 0.04 0.02 — — — 1
7 21 36 — — — 22
3 Kern River near Bakersfield 0.34 0.04 0.02 32 — — 6
29 43 39 12 — — 14
4 KingsRiver below North Fork, near 0.35 0.01 0.01 1.7 — 61 2
Trimmer 85 107 84 19 — 51 95
5 KingsRiver below Pine Flat Dam — — 0.01 — — — 1
— — 19 — — — 26
6 Kings River below Peoples Weir 0.39 0.04 0.02 25 — — 5
33 49 39 11 — — 12
7 Tule River near Springville 0.31 0.03 0.02 — — — 3
7 9 24 — — — 22
8 Tule River below Success Dam — 0.04 0.02 — — — 6
— 21 34 — — — 39
9 Kaweah River at Three Rivers 0.28 0.02 0.01 — — — 4
9 11 19 — — — 19
10 Kaweah River below Terminus Dam 041 0.02 0.01 — — — —
17 31 14 — — — —
11 San Joaquin River south fork at 0.11 0.01 0.01 12 — — —
Mono Hot Springs 25 24 14 9 — — —
12 San Joaguin River below Kerckhoff 0.19 0.01 0.01 15 — — 2
Powerhouse 39 44 25 12 — — 11
13 San Joaguin River below Friant 0.32 0.05 0.03 — — — 6
Dam 11 26 24 — — — 7
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Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Site - Hardness, Nitrate, Nitroge_n, Nitrogen,
Specific Oxygen, . ammonia, .
No. . X total, dissolved, R Kjeldahl,
R Site name conductance pH dissolved dissolved,
(fig. (LS/cm) (mg/L) as CaC03 as N asN total, as N
18) ! ’ (mg/L) (mg/L) (mgll) (mg/L)
14 San Joaquin River near Mendota 492 7.7 9.7 110 0.52 0.01 0.50
58 72 68 58 50 10 28
15 Fresno River below Hidden Dam 155 7.3 9.2 40 0.14 0.06 —
22 24 21 33 30 9 —
16 San Joaquin River near Stevinson 590 8.0 9.0 130 0.20 0.05 1.2
92 109 72 68 97 52 70
17 Panoche Drain near Dos Palos 3,300 7.9 — 800 19.2 0.26 13
73 95 — 62 75 11 23
18 Camp 13 Slough near Oro Loma 3,080 7.9 — 760 12.7 0.06 1.0
71 85 — 52 71 22 32
19 Sat Sough near Stevinson 1,750 7.7 7.6 380 29 0.12 13
191 228 191 146 148 81 104
20 San Joaquin River at Fremont Ford 1,370 7.8 8.7 290 13 0.07 1.2
Bridge 188 233 200 137 161 75 115
21 Mud Slough near Gustine 2,550 8.1 9.0 520 2.2 0.09 1.5
136 133 87 95 108 81 95
22 Merced River at Happy Isles Bridge 21 6.8 10.7 6 <0.10 0.03 0.20
170 172 151 167 152 66 113
23 Merced River near Briceberg 43 7.2 10.4 13 <0.10 — 0.14
58 59 40 25 34 — 25
24 Merced River below Merced Falls 47 7.1 10.2 16 <0.10 — 0.11
28 33 26 28 28 — 8
25 Merced River at Milliken Bridge 143 7.2 8.9 46 0.84 0.04 0.30
81 142 142 46 93 35 73
26 Merced River near Stevinson 189 7.6 8.4 56 13 0.04 0.50
60 60 56 57 57 53 57
27 San Joaquin River near Newman 1,190 8.0 9.2 240 2.0 0.08 1.0
57 57 31 55 54 54 53
28 Orestimba Creek at Highway 33 627 8.1 9.3 190 15 — —
34 58 54 14 16 — —
29 Orestimba Creek at River Road — — — — — — —
30 Spanish Grant Combined Drain — — — — — — —
31 San Joaquin River near Patterson 1,210 7.8 8.4 260 2.1 0.22 1.2
101 131 127 80 81 51 65
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Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Phosphorus,

Site Nitrogen,  Phosphorus, dissolved Carbon, Sediment, Sediment
No. . total, total, ' organic, Chlorophyll  suspended '
" Site name orthophos- suspended

(fig. asN asP phate total a (ug/L) (percent (mg/L)

18) (mg/L) (mg/L) as P (mg/L) (mg/L) <0.062 mm)

14 San Joaquin River near Mendota 0.95 0.15 0.08 4.8 — — 51
28 42 42 14 — — 18

15 Fresno River below Hidden Dam — 0.08 0.04 — — — 6
— 9 14 — — — 13

16 San Joaquin River near Stevinson 14 0.28 0.13 8.0 14 91 48
70 86 81 40 41 45 49

17 Panoche Drain near Dos Palos 19.6 0.25 0.05 8.8 — — 136
23 43 27 22 — — 43

18 Camp 13 Slough near Oro Loma 10.7 0.19 0.04 75 — — 117
32 50 34 30 — — 38

19 Salt Slough near Stevinson 44 0.27 0.11 8.9 7.8 95 144
104 119 118 71 43 50 66

20 San Joaquin River at Fremont Ford 26 0.28 0.11 8.1 11 94 95

Bridge 115 130 126 60 49 46 88

21 Mud Slough near Gustine 4.2 0.29 0.13 n 9.2 97 130
94 97 91 67 43 51 51

22 Merced River at Happy Isles Bridge 0.25 0.01 0.01 21 — 51 2
116 150 74 33 — 29 91

23 Merced River near Briceberg 0.16 0.02 0.01 16 — — 2
25 34 29 7 — — 7

24 Merced River below Merced Falls 0.18 0.01 0.01 — — — —
8 21 14 — — — —

25 Merced River a Milliken Bridge 1.0 0.06 0.03 — — — 10
73 84 84 — — — 27

26 Merced River near Stevinson 1.9 0.08 0.05 29 14 84 21
57 57 57 42 51 45 50

27 San Joaguin River near Newman 31 0.26 0.13 6.8 9.7 91 103
53 54 55 41 50 45 45

28 Orestimba Creek at Highway 33 — 0.20 0.08 — — — —
— 15 14 — — — —

29 Orestimba Creek at River Road — — — — — — 261

— — — — — — 24

30 Spanish Grant Combined Drain — — — — — — 154

— — — — — — 15

31 San Joaguin River near Patterson 34 0.38 0.21 7.4 11 97 79
65 79 79 42 49 47 53
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Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Nitrogen,

Site Specifi 0 Hardness, Nitrate, L Nitrogen,
No. . pectiic - xygen, total, dissolved,  2"oM&  ieldahl,
" Site name conductance pH dissolved dissolved,
(fig. (uS/cm) (mg/L) as CaCO; as N asN total, as N
18) (mg/L) (mg/L) (mg/L) (mg/L)
32 Olive Avenue Drain — — — — — — —
33 Del Puerto Creek at Vineyard Road — — — — — — —
34 San Joaquin River near Grayson 1,020 7.7 84 220 20 — 15
53 85 82 31 32 — 13
35 Grayson Road Drain — — — — — — —
36 Tuolumne River at Tuolumne — 7.3 9.2 5 <0.10 — 0.10
Meadows — 6 34 28 30 — 26
37 Tuolumne River a LaGrange Bridge 42 7.0 10.2 18 <0.10 — 0.10
44 81 77 43 74 — 50
38 Tuolumne River at Modesto 171 75 10.0 53 0.60 0.05 0.50
51 51 49 50 50 50 50
39 Tuolumne River at Tuolumne City 269 7.3 9.3 75 0.76 0.02 0.32
69 127 127 50 77 19 53
40 Ingram Creek at River Road — — — — — — —
41 Hospital Creek at River Road — — — — — — —
42 San Joaquin River at Maze Road 878 7.8 8.4 190 18 0.13 13
106 139 136 84 88 55 69
43 Stanislaus River Middle Fork at 44 7.3 9.7 18 <0.10 — 0.10
Dardanelle 35 46 42 33 28 — 30
44 Stanislaus River below Goodwin — 7.4 10.8 28 <0.10 — 0.20
Dam — 12 35 32 37 — 6
45 Stanislaus River at Ripon 91 7.6 9.6 37 0.25 0.03 0.40
51 51 50 50 50 50 50
46 Stanislaus River at Koetitz Ranch 113 7.4 9.5 53 0.49 0.03 0.34
75 119 119 57 71 21 46
47 San Joaquin River near Vernais 679 7.7 8.7 150 12 0.07 0.88
431 555 551 233 558 352 502
48 Mokelumne River near Mokelumne 35 7.3 10.6 12 <0.10 — 0.11
Hill 41 44 44 41 25 — 31
49 Mokelumne River at Woodbridge 47 7.2 10.0 17 0.10 0.03 0.30
186 188 152 115 132 54 125
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Table 8. Water quality data for long-term sites, San Joaquin—Tulare Basins, California, study unit—Continued

Phosphorus,

Site Nitrogen,  Phosphorus, dissolved Carbon, Sediment, Sediment
No. . total, total, ssolvec, organic, Chlorophyll  suspended '
" Site name orthophos- suspended
(fig. asN asP phate total a(pg/L) (percent (mg/L)
18) (mg/L) (mg/L) as P (mg/L) (mg/L) <0.062 mm)
32 Olive Avenue Drain — — — — — — 238
— — — — — — 16
33 Del Puerto Creek at Vineyard Road ~ — — — — — — 134
— — — — — — 24
34 San Joaquin River near Grayson 2.8 0.46 0.19 — — — 85
13 26 26 — — — 10
35 Grayson Road Drain — — — — — — 790
— — — — — — 24
36 Tuolumne River at Tuolumne 0.13 0.01 0.01 11 — — —
Meadows 28 23 1 9 — — —
37 TuolumneRiver at LaGrangeBridge  0.21 0.01 0.01 18 — — 2
53 64 25 13 — — 11
38 Tuolumne River at Modesto 12 0.05 0.03 22 11 86 1
50 50 50 39 47 39 40
39 Tuolumne River at Tuolumne City 1.0 0.09 0.04 3.2 — — 13
53 69 61 20 — — 36
40 Ingram Creek at River Road — — — — — — 650
— — — — — — 23
41 Hospital Creek at River Road — — — — — — 460
— — — — — — 24
42 San Joaquin River at Maze Road 32 .33 .16 6.1 7.6 90 A
69 84 84 38 49 48 59
43 Stanidaus River Middle Fork at 0.11 0.02 0.01 1.0 — — 4
Dardanelle 32 44 26 8 — — 10
44  Stanidaus River below Goodwin 0.23 0.01 0.01 — — — —
Dam 6 23 18 — — — —
45 Stanidaus River at Ripon 0.69 0.05 0.03 24 11 67 20
50 50 50 39 49 46 48
46 Stanidaus River at Koetitz Ranch 0.82 0.08 0.03 33 — — 17
46 64 63 21 — — 27
47 San Joaquin River near Vernalis 22 0.24 0.11 5.2 5.8 88 77
501 480 362 131 50 272 3,503
48 Mokelumne River near Mokelumne 0.13 0.02 0.01 21 — — 2
Hill 32 29 9 10 — — 10
49 Mokelumne River at Woodbridge 0.37 0.02 0.01 2.3 — 81 6
125 142 59 43 — 88 112
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Figure 29. Nutrient and suspended sediment concentrations in the San Joaquin River, California, and its most significant inputs, 1972—-1990.
Letters on boxplots refer to results of Tukey's test on ranks (table 7). See table 6 for complete site names and figure 19 for site locations.
Designation of (W) or (E) after some sites refers to whether it is a west side (W) or east side (E) input.

54 Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990



EXPLANATION

— 90th percentile
— 75th percentile
— 25th percentile
— 10th percentile

— Median

"

Number of samples

501

104

70
T

-

g Do

s D
Do
g Do

R I

Sifeulap Jeau
19Ny Uinbeor ues

(3) 1ony
snejsiuels -

peoy aze 1e
J1any uinbeor ues -

(3) 1oAY
auwnong -

uosianed Jeau
181y uinbeor ues -

uewMaN Jeau
191y uinbeor ues -

(3) 1N paoIBIN -

(m) ybnois pni- |

plo4 uowald e
JaAY uinbeor Ues -

(W) ybnois yes |

UOSUIARIS Jeau
191y uinbeor ues -

Total nitrogen

'

—
— o

N se ‘1ay] Jad swreibijjiw ul ‘uoneiuadsuod usboniu elo |

19 20 21 26 27 31 38 42 45 47
Site number

16

Number of samples

57

SI[euIa Jeau
J3AIY Uinbeor ues

362
D
?

(3) Jan1y snejsiuels

peoy aze\ e
19AIY uInbeor ues

[a1]
<
w

uosianed Jeau
19Ny uinbeor ues

79

I

uewMmaN Jesu
19Ny uinbeor ues

55

(3) 1onry padssy

(M) ybnois pniy

ploH juowsald e

% | J3AIY Uinbeor Ues
—
[O]
Q
©
S
®ra (M) ubnois 1res
— o
=
o
o
- m Comc_\_wwum Jeau
r Al n
<o J9AIY uInbeor ues
| 1 | Y I | 1 ) T I | 1
10 = o
o o Q
o

0.001

d se ‘19 Jad swelbijjiw ul ‘uonenuaduod areydsoydoyuo

47

45

42

38

31

27

26

21

20

19

16

Site number

Figure 29. Continued.

55

Description of Constituent Concentrations by Environmental Setting



EXPLANATION

— 90th percentile
— 75th percentile
— 25th percentile

— Median

.
T

— 10th percentile

Number of samples

480

50
T

119 130 97 57
T

Total phosphorus

86

'
AB

C

D

— -

m N

ﬁ

Sifeusap Jeau
191y uinbeor ues

(2) sony |
sne|siuejs

peoy azen 1e _|
191y uinbeor ues

(3) Jony |
auwnjony

uosianed Jeau _|
191y uinbeor ues

uewma Jeau
19Ny uinbeor ues

(E)RENE]
padJa |

(M) ybnois pniN

P04 JUowai e _|
19Ny uinbeor ues

(M) ybnols yes -

UOSUIN3]S Jeau
JaAY uinbeor ues |

1

o
<
o

19 20 21 26 27 31 38 42 45 47
Site number

16

d se 48y Jad swelbijjiw ul ‘uonenusduod snioydsoyd e1o]

Number of samples

15

48 3,503

59

23 24

24 40

16 24

53

66 88 51 50 45 24

49

L Suspended sediment

SIfeuIaA Jeau |
JaAIY uinbeor ues

(3) tony
snejsiuels

peoy azep 1e |
JaAIY uinbeor ues

(M) o210 |
[endsoH

(W) 9810 |

welbu|

T
auwn

© -jon

(W) uresg
peoy uosAels) |

(W) 9810 |
ouand [ad

o W) ureig
_g aNuaAy -

SN0
uosianed Jeau |
JaAIY uinbeor ues

(M) ureig
jueId) ysiueds |

(W) 18810 |
equnsal0

uewman Jesu
19A1Y uinbeor ues 7|

o
[
mQo
<O

(3) sony
[SERIET

(M) ybnols pniy -

plo4 Juowal e
JaAIY uinbeor ues

(M) ybnois yes

o

&)

1a]a]

- <O
E UOSuInS]S Jeau

L
W Janly uinbeor ues |

5,000

o o o —
o o -
o -

—

J1a)] Jad swelBljjiw Ul ‘uoENUSIUOD JUBWIPSS papuadsnsg

32 33 35 38 40 41 42

31
Site number

27 29 30

21 26

20

16

Figure 29. Continued.

Nutrients and Suspended Sediment in Surface Water, San Joaquin-Tulare Basins, California, 1972-1990

56



It should be noted that the values shownin figure
29F for the west side agricultural drains are total
suspended solids collected as grab samples; whereas,
most of the values for the other sites are suspended
sediment, integrated samples. Asthevaluesfor thegrab
samples are systematically lower than the integrated
samples, the effect of the agricultural drainsiseven
greater than shown.

Relation to National Conditions

TheUSGS 19901991 National Water Summary
describes water quality at sites throughout the United
States, categorized by four upstream land use groups
(U.S. Geological Survey, 1993). Sites were selected to
represent the nationwide proportion of agricultural,
forest, range, and urban land. For each land-use group,
anational average boxplot is presented for
concentrations of nitrate, total phosphorus, suspended
sediment, and other constituents. Drainage areas
generally are from 1,000 to 3,000 mi2. A site classified
asagricultural has morethan 40 percent areain crop or
pasture, less than 40 percent in forest, and |ess than 10
percent urban. A site classified as forest has more than
40 percent forest land, less than 40 percent in crop or
pasture, and less than 10 percent urban.

The nutrient and suspended sediment concen-
trations at valley sites (fig. 27) represent primarily
agricultural land use. The west side sites have
considerably smaller drainage areas than the national
sites and the east side sites do not strictly meet the
land-use criteria of the national sites. However, the
major reservoirs and diversions from these east side
tributaries as they enter the valley floor make the east
side sites basically agricultural sites. To provide a
rough comparison of concentrationsin the study unit to
national conditions, the valley sites (both east and west
sides) (fig. 27) were merged into composite boxplots of
nitrate, total phosphorus, and suspended sediment
concentrations (fig. 30). The median values for the
10th, 25th, 50th, 75th, and 90th percentiles at valley
west side and valley east side sites (fig. 27) were used
to create composite boxplots to represent agricultural
land in the study unit (fig. 30). The same was done for
the Sierra Nevada sites to represent forest land in the
study unit. Urban and range land uses are not
represented by study unit sites.

A comparison of concentrations of nitrate, total
phosphorus, and suspended sediment in the study area
to national average concentrations for agricultural

areas is shown in figure 30A. None of the concen-
trations are substantially different from the national
averages. Nitrate concentrations are slightly higher;
total phosphorus and suspended sediment
concentrations are dightly lower than the national
averages. For al three constituents, the west side
concentrations are higher than the national averages,
and the east side concentrations are lower.

The forested areas of the study unit areiin the
granitic SierraNevadaand have extensive bedrock and
thin soils. Runoff from these areasislow in nutrients
and suspended sediment, and concentrations are
substantially lower than the national averages
(fig. 30B).

RELATION OF NUTRIENT AND SUSPENDED
SEDIMENT CONCENTRATIONS TO STREAMFLOW

A good relation of nutrient and suspended
sediment concentrations to streamflow is essential to
load calculations. The eight representative sites from
the section “ Streamflow at Time of Water Quality
Sampling” areused again. Thesesitesinclude: (1) three
Sierra Nevada sites (see table 6; fig. 18), Kings River
below North Fork, near Trimmer (site 4), Tule River
below Success Dam (site 8), and Merced River at
Happy Ides Bridge (site 22); (2) two valley east side
sites, Tuolumne River at Modesto (site 38), and
Mokelumne River at Woodbridge (site 49); (3) one
valley west side site, Mud Slough near Gustine (site
21); and (4) two sites on the mainstem of the San
Joaquin River, San Joaquin River near Newman (site
27) and San Joaquin River near Vernalis (site 47). For
each of these eight sites, we will discuss the relation
between streamflow and concentrations of nitrate, total
phosphorus, and suspended sediment.

Nitrate concentrations in unmanaged streams
typically decrease with increasing streamflow, as the
base flow is diluted (fig. 31). However, nitrate
concentrations did not vary much with streamflow at
the three Sierra Nevada sites (figs. 31A, B,and E) or
one of the valley east side sites (Mokelumne River at
Woodbridge [site 49; fig. 31G]). At the other valley
east side site (Tuolumne River at Modesto [site 38; fig.
31C]), the concentration generally decreased with
increasing streamflow. This probably is because of
increasing dilution of agricultural return flows with
Sierra Nevada runoff. The exceptions to the general
trend in figure 31C were samples collected during the
low-flow summer of 1988. At the valley west side site
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Figure 30. Comparison of nitrate, total phosphorus, and suspended sediment concentrations, San Joaquin—Tulare Basins, California, study
unit, to national sites, 1993 National Water Summary. (A) Agricultural areas. (B) Forest areas.

(Mud Slough near Gustine [site 21; fig. 31F]), nitrate
concentration generally increased with streamflow.
Thisgeneral trend probably is because of anincreasing
proportion of agricultural drainage asit isadded to a
base flow of ground water seepage. At higher flows,
there is some natural runoff to this site from the Coast
Ranges, which dilutesthe agricultural drainagein Mud
Slough. Samples collected during the high flow period

of February through April 1986 were exceptionsto the
general trend in figure 31F.

The San Joaquin River near Newman site (site
27) has the common inverse relation between nitrate
concentration and streamflow (fig. 31D). Flows at this
site come from the Merced River, Salt and Mud
Sloughs, and the San Joaquin River upstream of the
doughs. At higher streamflows, proportionately more
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Figure 31. Relation between streamflow and nitrate concentrations at selected sites in San Joaquin—Tulare Basins, California, study unit,
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flow comes from the Merced River, diluting flows
from the doughs that are dominated by agricultural
drainage.

At the Vernalissite (sSite 47), therelation ismore
complex (fig. 31H). For flows greater than about
1,000 ft3/s, the common inverse relation holds.
Increases in streamflow above 1,000 ft%/s generally
come from the east side tributaries, which have low
nitrate concentrations. At flows less than 1,000 ft%/s,
concentrations increase with streamflow due to two
factors: (1) water quality at Vernalisis maintained by
rel eases of water with low nutrient concentrationsfrom
the New Melones Reservoir on the Stanislaus River
(site 24, fig. 6; table 1) to meet water quality criteriafor
specific conductance, and (2) major diversions from
the San Joaquin River upstream of the Tuolumne River
remove most of the river flow during low-flow periods
leaving primarily water from the Tuolumne and
Stanislaus Rivers (Kratzer and Grober, 1991). Both
factors reduce the effect of west side agricultural
drainage at Vernalis.

Total phosphorus concentrations in unmanaged
streams usually are fairly constant or increase slightly
with increasing streamflow, depending on the amount
of total phosphorus attached to suspended sediment. In
general, the relation between total phosphorus and
streamflow at the eight representative sites(fig. 32) was
similar to the relation for nitrate. The main difference
isthe steepness of the curvesfor Mud Slough (figs. 31F
and 32F) and the San Joaquin River sites (figs. 31 D
and H; figs. 32 D and H). Unlike nitrate, total
phosphorus concentrations in subsurface agricultural
drains are low, and the curves are | ess steep because of
relatively lower concentrations of total phosphorusin
west side agricultural discharges.

Suspended sediment concentrationsin streams
typically increase with streamflow, as higher stream
vel ocities did odge bottom materials and are capabl e of
suspending larger-size sediment (fig. 33). Thisis
shown at the Sierra Nevada sites on the Kings and
Merced Rivers (figs. 33A and B). The higher concen-
trations on the Kings River appear to be primarily due
to higher streamflows, because the concentration at
both sitesincreases at streamflows above 1,000 ft/s.
Therelation at the third SierraNevadasite (Tule River
below Success Dam [site 8], fig. 33E) isaffected by the
reservoir just upstream of the site, because suspended
sediment settlesin the reservoir and alters the typical
relation.

All suspended sediment samples at the valley
west side site (Mud Slough near Gustine [site 21]; fig.
33F) and one valley east side site (Tuolumne River at
Modesto [site 38]; fig. 33C) were collected during
1985-1988. Thiswas primarily aperiod of low
streamflow except during spring 1986, when high
streamflows produced higher suspended sediment
concentrations. The other valley east side site
(Mokelumne River at Woodbridge [site 49]; fig. 33G)
displayed arapid increase in suspended sediment
concentration at streamflows greater than 1,000 ft%/s.

The relation between suspended sediment and
streamflows at the two San Joaquin River sites (near
Newman [site 27] and near Vernalis [site 47]) is not
typical (figs. 33D and H). Higher streamflows at these
sitesusual ly indicate more highly concentrated inflows
from thewest side and morediluting streamflowsfrom
east side tributaries. Because the east side tributaries
contribute more streamflow, the overall effect on San
Joaquin River suspended sediment concentrationsis a
dight decrease in concentration with increasing
streamflow.

LOAD ESTIMATES

Annual Stream Loads

Annual stream loads were estimated using
ESTIMATOR (version 92.11). The program requires
daily flow records and enough water quality datato
develop a quantitative relation between flows and
congtituent concentrations. The standard error of the
estimated load is calculated to eval uate the accuracy of
the estimate. I n this study, estimates with a standard
error of less than 30 percent were accepted as
reasonable. For standard error between 30 and 50
percent, the estimates are marked as questionabl e;
estimates with standard error greater than 50 percent
are not reported. The standard error of prediction
allows the calculation of a 95-percent confidence
interval for the load estimates.

The water quality data used to calculate |oads at
several siteswere collected during USGS studies on
the San Joaguin River during 1986-1988. Reasonable
load estimates are reported for 23 sitesin the study unit
for nitrate, 15 sitesfor total nitrogen, 20 sites for total
phosphorus, and 14 sites for suspended sediment
(table 9). The water quality datafor 14 of the sites for
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Figure 32. Relation between streamflow and total phosphorus concentrations at selected sites in San Joaquin—Tulare Basins, California,
study unit, 1972-1990. See figure 18 for site locations.
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Figure 33. Relation between streamflow and suspended sediment concentrations at selected sites in San Joaquin—Tulare Basins, California,
study unit, 1972-1990. See figure 18 for site locations.
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986-1988

[ft3/a cubic foot per second; ton/yr, ton per year; —, no data)

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate ) .
(fig. 18) year 3 (ton/yr) confidence interval
(ft°/s) (percent)
(ton/yr)
NITRATE
Lower San Joaquin River Basin
16  San Joaquin River near Stevinson 1986 1,824 231 26 108 — 354
1987 70.6 34 18 20-47
1988 275 12 22 6.3-18
19 Salt Slough near Stevinson 1986 272.7 860 7.2 731-989
1987 265.3 1,155 5.7 1,012 -1,298
1988 264.5 1,393 6.3 1,207 - 1,579
20 San Joaquin River at Fremont Ford Bridge 1986 2,273 954 8.8 782 -1,126
1987 342.6 1,059 85 875-1,243
1988 288.8 1,270 8.9 1,039 -1,501
21 Mud Slough near Gustine 1986 119.6 11,048 36 210-1,886
1987 57.7 324 28 116 -532
1988 53.0 1335 34 78 —592
26 Merced River near Stevinson 1986 860.9 372 4.8 335-409
1987 219.8 300 42 273 -327
1988 152.2 219 6.5 190-248
27  San Joaquin River near Newman 1986 3,294 2,012 57 1,776 — 2,248
1987 673.1 1,521 6.6 1,317-1,725
1988 546.9 1,587 75 1,347 -1,827
31 San Joaquin River near Patterson 1986 3,697 2,756 45 2,505 — 3,007
1987 911.5 2,352 4.7 2,127 -2,577
1988 758.1 2,216 7.1 1,859 -2,573
38 Tuolumne River at Modesto 1986 1,843 370 7.2 316 — 424
1987 721.8 344 8.2 288 — 400
1988 215.0 146 95 118 -174
42  San Joaquin River at Maze Road 1986 6,016 4,446 8.9 3,638 - 5,254
1987 1,820 3,259 9.8 2,614 - 3,904
1988 1,063 3,036 16 1,967 — 4,105
45 Stanidaus River at Ripon 1986 1,336 318 46 288 — 348
1987 7345 213 5.7 188 — 238
1988 599.5 144 6.5 125-163
47  San Joaquin River near Vernalis 1986 7,220 4,523 3.8 4,135-4,911
1987 2,505 3,671 3.6 3,367 — 3,975
1988 1,609 2,868 42 2,601 -3,135
Other San Joaquin Basin
13  San Joaquin River below Friant Dam 1986 1,346 — — —
1987 92.4 9.2 25 46-14
1988 109.8 10 21 6.0-11
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study

unit, 1986—1988—Continued

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate y .
(fig. 18) year 3 (ton/yr) confidence interval
(ft°/s) (percent)
(ton/yr)
22 Merced River at Happy IdesBridge 1986 539.0 23 24 11-34
1987 158.5 7.6 25 3.6-12
1988 207.5 10 28 4.4-16
24  Merced River below Merced Falls 1986 1,488 62 24 31-93
1987 893.7 30 26 15-46
1988 707.4 25 25 13-38
43  Stanidaus River Middle Fork at 1986 188.2 126 32 1.6-7.6
Dardanelle 1987 65.1 114 32 05-23
1988 66.7 1.2 35 04-21
44  Stanidaus River below Goodwin Dam 1986 1,184 1113 32 41-185
1987 619.4 58 16 39-78
1988 561.7 48 15 33-63
48 Mokelumne River near Mokelumne Hill 1986 1,647 129 45 3.1-55
1987 447.3 185 43 1.4-16
1988 323.3 16.0 47 04-12
49  Mokelumne River at Woodbridge 1986 1,117 159 31 21-97
1987 215.7 17 27 7.2-26
1988 317 122 33 0.7-3.7
Tulare Basin
1 KernRiver at Kernville 1986 1,577 157 49 1.2-112
1987 458.8 — — —
1988 362.5 — — —
4 Kings River below North Fork, near 1986 3,553 143 21 80 — 206
Trimmer 1987 823.2 39 19 23-56
1988 855.9 39 22 20-58
5 KingsRiver below Pine Flat Dam 1986 3,853 1307 42 45— 569
1987 1,687 1209 49 3.0-415
1988 1,234 — — —
8 TuleRiver below Success Dam 1986 3134 1100 37 22-178
1987 89.8 124 30 8.5-40
1988 480 118 40 1.8-34
10 Kaweah River below Terminus Dam 1986 1,103 150 35 15-85
1987 232.9 9.9 28 41-16
1988 236.3 188 34 2.7-15
TOTAL NITROGEN
Lower San Joaquin River Basin
16 San Joaquin River near Stevinson 1986 1,824 1,196 13 874-1,518
1987 70.6 148 9.9 72 -224
1988 275 68 13 55-81
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986—1988—~Continued

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate y A
(fig. 18) year 3 (ton/yr) confidence interval
(ft>/s) (percent)
(ton/yr)
19 Salt Slough near Stevinson 1986 272.7 1,295 6.1 1,133 -1,457
1987 265.3 1,604 55 1,420-1,788
1988 264.5 1,776 6.3 1,547 — 2,005
20 San Joaquin River at Fremont Ford Bridge 1986 2,273 2,664 8.9 2,177 -3,151
1987 342.6 1,490 8.0 1,247-1,733
1988 288.8 1,809 9.2 1,474-2,144
21 Mud Slough near Gustine 1986 119.6 793 14 557 —-1,029
1987 57.7 328 1 252 — 404
1988 53.0 275 13 200-350
26 Merced River near Stevinson 1986 860.9 810 54 722 — 898
1987 219.8 454 39 417 — 491
1988 152.2 324 6.0 284 — 364
27  San Joaquin River near Newman 1986 3,294 4,827 6.4 4,189 — 5,465
1987 673.1 2,371 6.3 2,067 — 2,675
1988 546.9 2,221 75 1,885 2,557
31 San Joaquin River near Patterson 1986 3,697 6,420 6.6 5,560 — 7,280
1987 911.5 3,820 6.7 3,305 -4,335
1988 758.1 3,440 10 2,653 — 4,227
38 Tuolumne River at Modesto 1986 1,843 1,147 7.6 968 — 1,326
1987 721.8 726 7.9 609 — 843
1988 215.0 277 9.1 226 — 328
42  San Joaquin River at Maze Road 1986 6,016 9,483 7.3 8,069 — 10,897
1987 1,820 5,690 7.7 4,811 — 6,569
1988 1,063 4,472 12 3,271 -5,673
45 StanidausRiver at Ripon 1986 1,336 1,085 11 838-1,332
1987 7345 605 11 473 -737
1988 599.5 389 12 294 — 4384
47  San Joaquin River near Vernalis 1986 7,220 9,594 3.0 8,897 — 10,291
1987 2,505 6,006 2.3 5,644 — 6,368
1988 1,609 4,492 2.7 4,199 — 4,785
Other San Joaquin Basin
22 Merced River at Happy |des Bridge 1986 539.0 274 20 154 -394
1987 158.5 74 18 42 — 106
1988 2075 98 20 55-141
43 Stanidaus River Middle Fork at 1986 188.2 133 30 13-53
Dardanelle 1987 65.1 179 30 33-12.8
1988 66.7 85 34 2.7-143
Tulare Basin
1 KernRiver at Kernville 1986 1,577 873 16 584 -1,162
1987 458.8 171 1 131-211
1988 362.5 115 12 85-145
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986—1988—Continued

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate y .
(fig. 18) year 3 (ton/yr) confidence interval
(ft°/s) (percent)
(ton/yr)
4  Kings River below North Fork, near 1986 3,553 2,090 19 1,295 - 2,885
Trimmer 1987 823.2 352 12 258 — 446
1988 855.9 345 13 247 — 443
TOTAL PHOSPHORUS
Lower San Joaquin River Basin
16 San Joaquin River near Stevinson 1986 1,824 260 18 165 - 355
1987 70.6 27 12 20-34
1988 275 14 14 10-18
19 Sdlt Slough near Stevinson 1986 272.7 94 59 83-105
1987 265.3 75 45 68 — 82
1988 264.5 73 5.2 65-81
20 San Joaquin River at Fremont Ford Bridge 1986 2,273 459 1 357 -561
1987 342.6 96 75 81-111
1988 288.8 82 7.9 69 -95
21 Mud Slough near Gustine 1986 119.6 47 9.1 38-56
1987 57.7 19 7.0 16 -22
1988 53.0 15 85 12-18
26 Merced River near Stevinson 1986 860.9 85 17 55-115
1987 219.8 25 9.4 20-30
1988 152.2 18 14 13-23
27  San Joaquin River near Newman 1986 3,294 700 10 551 —-849
1987 673.1 184 85 152 -216
1988 546.9 182 10 146 - 218
31 San Joaquin River near Patterson 1986 3,697 937 8.3 779 -1,095
1987 911.5 379 7.0 325-433
1988 758.1 323 11 245 - 401
38 Tuolumne River at Modesto 1986 1,843 141 19 86 — 196
1987 721.8 32 15 22-42
1988 215.0 17 19 10-25
42  San Joaquin River at Maze Road 1986 6,016 1,343 8 1,117 - 1,569
1987 1,820 512 7.2 437 - 587
1988 1,063 394 11 294 — 494
45 Stanidaus River at Ripon 1986 1,336 156 21 88 —224
1987 7345 50 15 34 -66
1988 599.5 26 17 17-35
47  San Joaquin River near Vernalis 1986 7,220 1,270 5.7 1,109 -1,431
1987 2,505 657 45 590-724
1988 1,609 457 53 404 -510
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986—-1988—Continued

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate y .
(fig. 18) year 3 (ton/yr) confidence interval
(ft°/s) (percent)
(ton/yr)
Other San Joaquin Basin
13 San Joaquin River below Friant Dam 1986 1,346 152 36 15-89
1987 92.4 5.0 16 3.4-6.6
1988 109.8 6.6 14 48-84
22 Merced River at Happy IdesBridge 1986 539.0 9.8 18 59-13.7
1987 158.5 25 18 15-35
1988 207.5 3.2 20 1.8-4.6
24  Merced River below Merced Falls 1986 1,488 20 19 12-28
1987 893.7 11 17 7-15
1988 707.4 8.1 17 5.3-10.9
37 Tuolumne River at LaGrange Bridge 1986 1,566 22 16 15-29
1987 391.4 57 14 41-73
1988 107.2 15 15 1.0-20
43  Stanidaus River Middle Fork at 1986 188.2 6.1 21 3.4-88
Dardanelle 1987 65.1 14 21 0.8-2.0
1988 66.7 12 23 0.6-18
44  Stanidaus River below Goodwin Dam 1986 1,184 113 31 5-21
1987 619.4 8.7 16 6.0-114
1988 561.7 7.2 13 5.2-92
49 Mokelumne River at Woodbridge 1986 1,117 48 20 27 -69
1987 215.7 7.4 14 51-97
1988 317 1.2 15 0.8-1.6
Tulare Basin
1 KernRiver at Kernville 1986 1,577 67 23 35-99
1987 458.8 6.9 15 47-91
1988 362.5 4.6 16 3.0-6.2
4 Kings River below North Fork, near 1986 3,553 145 26 65 —225
Trimmer 1987 823.2 15 16 9-21
1988 855.9 15 17 9-21
SUSPENDED SEDIMENT
Lower San Joaquin River Basin
16 San Joaquin River near Stevinson 1986 1,824 172,778 29 68,390 — 277,166
1987 70.6 6,662 21 3,727 - 9,597
1988 275 1,382 27 635-2,129
19 Salt Slough near Stevinson 1986 272.7 46,135 16 30,810 — 61,460
1987 265.3 48,485 17 32,110 - 64,860
1988 264.5 56,226 19 34,446 — 78,006
21 Mud Slough near Gustine 1986 119.6 24,988 15 17,363 — 32,613
1987 57.7 9,786 13 7,200-12,372
1988 53.0 5,047 17 3,351 -6,743
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin—Tulare Basins, California, study
unit, 1986—1988—~Continued

. Load,
Site no. . Water Mean daily Load Standard _error of 95—percent
. Site name streamflow load estimate y .
(fig. 18) year 3 (ton/yr) confidence interval
(ft°/s) (percent)
(ton/yr)
26 Merced River near Stevinson 1986 860.9 47,969 23 26,300 — 69,638
1987 219.8 5,227 7.8 4,355 - 6,099
1988 152.2 3,140 12 2,349 - 3,931
27  San Joaquin River near Newman 1986 3,294 283,988 13 208,791 — 359,185
1987 673.1 73,593 11 57,250 — 89,935
1988 546.9 69,415 14 49,918 — 88,912
31  San Joaquin River near Patterson 1986 3,697 397,777 16 268,225 — 527,329
1987 911.5 90,420 11 70,520 — 110,320
1988 758.1 74,663 20 40,770 — 108,556
38 Tuolumne River at Modesto 1986 1,843 175,324 32 27,243 — 123,405
1987 721.8 8,294 16 5,547 - 11,041
1988 215.0 1,969 18 1,257 -2,681
42  San Joaquin River at Maze Road 1986 6,016 621,597 15 429,622 — 813,572
1987 1,820 187,810° 13 137,215 — 238,405
1988 1,063 131,101 21 68,461 — 193,753
45 Stanidaus River at Ripon 1986 1,336 36,864 10 29,333 — 44,395
1987 734.5 17,298 7.9 14,517 — 20,079
1988 599.5 11,533 11 9,086 — 13,980
47  San Joaquin River near Vernais? 1986 7,220 569,064 — —
1987 2,505 168,599 — —
1988 1,609 114,016 — —
Other San Joaquin Basin
22 Merced River at Happy |des Bridge 1986 539.0 3,072 16 2,002 - 4,142
1987 158.5 546 13 338-704
1988 2075 657 14 466 — 848
49 Mokelumne River at Woodbridge 1986 1,117 40,583 21 22,667 — 58,499
1987 215.7 2,698 13 1,919 -3,477
1988 317 654 15 574 -734
Tulare Basin
1 KernRiver at Kernville 1986 1,577 193,128 25 89,042 — 297,214
1987 458.8 3,731 13 2,652 - 4,810
1988 362.5 2,359 14 1,628 — 3,090
4  Kings River below North Fork, near 1986 3,553 — — —
Trimmer 1987 823.2 18 622 33 712 -16,532
1988 855.9 17 636 36 403 - 14,869

1Questionable load estimates (standard error is 30 to 50 percent).
2Suspended sediment loads for San Joaquin River near Vernalis were calculated in National Water Information System (NWIS), not by

ESTIMATOR (aload ca culation program).
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all constituents are primarily from NWIS. The
streamflow data used in the load calculations are
entirely from NWIS.

Along with the load estimates, the percent
standard error and the 95-percent confidence interval
aregivenintable9. Except for Salt Slough at Stevinson
(site19), dl inputsto thelower San Joaquin River were
greatest during 1986. Theflows at the Salt Slough near
Stevinson and Mud Slough near Gustine sites (sites 19
and 21, respectively) are primarily irrigation derived;
drainage flows can be routed through either dough
because the sloughs are interconnected. This
interconnection, along with Mud Slough’s drainage
basin in the normally dry Coast Ranges, accounts for
the load variation in the sloughs during 1986—1988.

Although Salt and Mud Sloughs account for only
about 10 percent of flow at Vernalis (Kratzer and
others, 1987), they contribute nearly half of the nitrate
load. Nitrate loads carried by other riversin the study
unit are small relative to the lower San Joaquin River.
Nitrate loads in the Kings, Merced, and Stanislaus
Riversincrease greatly between the SierraNevada and
the valley (table 9).

Nitrate loads in the lower San Joaquin River for
1986 and 1988 are presented schematically in figure 34
using the estimates for 11 of the sitesgiven in table 9.
The schematic shows the difference between loads
during awet year (1986) and a critically dry year
(1988). The nitrate load in thelower San Joaquin River
near Vernalis during 1986 was more than 50 percent
greater than the load during 1988 (fig. 34 and table 9).
The difference between 1986 and 1988 was even
greater for the Tulare Basin (sites 1, 4, 5, 8, and 10,
table 9), Mokelumne River (sites 48 and 49), and San
Joaquin River near Stevinson (site 16). The Stevinson
siteisthe upstream boundary for the lower San Joaquin
River. In 1986, thissitereceived rare, significant flows
from the upper San Joaquin River and the Kings River.
Also, Bear Creek (fig. 34) contributed unusually high
flows to the Stevinson site, including wastewater
treatment plant effluent from the city of Merced (fig.
1). During dry periods, much of the streamflow in Bear
Creek isdiverted by agricultural users and never
reaches the San Joaquin River.

The 1986 total nitrogen load estimate at Kings
River below North Fork, near Trimmer (site 4, table 9)

issurprisingly high for a Sierra Nevadasite. Like
nitrate loads, total nitrogen loads for the Merced and
Stanislaus Riversincrease greatly between the Sierra
Nevada and the valley. Thetotal nitrogen loads in the
lower San Joaquin River are shown schematically in
figure 35. The general pattern issimilar to nitrate, with
the main differences being the relative load at the
Stevinson site on the San Joaquin River (site 16) in
1986 and the amount of variation between 1986 and
1988. The total nitrogen load at Vernalisin 1986 was
about twice the 1988 load. The 1986 load at Stevinson
(site 16) was about equal totheload in Salt Slough (site
19, table 9).

Aswith nitrate and total nitrogen loads, the total
phosphorus load in east side tributaries increases
greatly from the Sierra Nevada to the valley (table 9).
The total phosphorus |oads in the lower San Joaquin
River system are shown schematically infigure 36. The
1986 load in the San Joaquin River near Vernalis (site
47, table 9) was amost three times greater than the
1988 load. The 1986 load at the upstream boundary site
at Stevinson (site 16) was greater than the load from
Mud and Salt Sloughs combined (sites 19 and 21).

As previoudy mentioned, suspended sediment
loads increase more with streamflow than do nutrient
loads. Asaresult of the greater influence of streamflow
on suspended sediment concentrations, the 1986 |oad
near Vernaliswasalmost fivetimesgreater thanin 1988
(site 47, table 9). The suspended sediment loads in the
lower San Joaquin River system areshownin figure 37.
Theload at Stevinson (site 16) was high in 1986. As
with nitrogen loads, the suspended sediment |oad at
Salt Slough (site 19) was smaller in 1986 than in 1988.

The load schematics for the lower San Joaquin
River system (figs. 35-37) show only major inputs. As
discussed earlier in this report, several smaller inputs
throughout the system contribute much of the
unaccounted-for loads between San Joaquin River
sites. Unaccounted-for nitrate, total nitrogen, total
phosphorus, and suspended sediment loads during
1986—1988 are summarized in table 10. These
unaccounted-for loads represent between 22 and 68
percent of the difference in estimated |oads between
Stevinson and Vernalis.

Water year 1986 was a wet year, and water year
1988 was a critically dry year. To put the loads
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Table 10. Nitrate, total nitrogen, total phosphorus, and suspended sediment loads in the lower San Joaquin River, California, that are
unaccounted for by inputs from major tributaries, 1986—1988

1986 1987 1988
Unac- . Unac- . Unac- Change in
Change in  counted- Change m_load Change in  counted- Change m_ load Change in  counted- load ?rom
. from Stevinson . from Stevinson . .
San Joaquin River reach load "11 for_lo_ad to Vernalis load "1' for_lo_ad to Vernalis load "11 for_lo_ad Stevmso_n to
reach within reach within reach within Vernalis
(ton per reach? (una_ccoume;i " (ton per reach? (una_ccounte;i "~ (ton per reach?  (unaccounted-
year) (ton per for in reach) year) (ton per for in reach) year) (ton per  forin reach?)
year) (percent) year) (percent) year) (percent)
Nitrate
Stevinson to Fremont 723 -136 -3 1,025 -129 -3 1,258 -136 -5
Ford Bridge
Fremont Ford Bridge 1,058 —362 -8 462 —163 -4 317 —237 -8
to Newman
Newman to Patterson 744 744 17 831 831 23 629 629 22
Patterson to Maze 1,690 1,319 31 907 562 15 820 674 24
Road
Maze Road to Vernalis 77 =240 —6 412 200 _5 —168 =312 1
Total—Stevinson to 4,292 1,325 31 3,637 1,301 36 2,856 618 22
Vernalis
Total Nitrogen
Stevinson to Fremont 1,468 172 2 1,342 —-263 -5 1,741 -35 -1
Ford Bridge
Fremont Ford Bridge 2,163 560 7 881 98 2 412 —187 -4
to Newman
Newman to Patterson 1,593 1,593 19 1,449 1,449 25 1,219 1,219 27
Patterson to Maze 3,063 1,916 23 1,870 1,144 20 1,032 755 17
Road
Maze Road to Vernalis __ 111 =974 =12 316 —289 =5 20 _—369 —8
Total—Stevinson to 8,398 3,267 39 5,858 2,139 37 4,424 1,383 31
Vernalis
Total Phosphorus
Stevinson to Fremont 199 105 10 69 -7 -1 68 -5 -1
Ford Bridge
Fremont Ford Bridge 241 110 1 88 a4 7 100 67 15
to Newman
Newman to Patterson 236 236 23 195 195 31 141 141 32
Patterson to Maze 406 266 26 133 102 16 71 54 12
Road
Maze Road to Vernalis =73 =228 =23 145 _95 15 _63 _ 38 9
Total—Stevinson to 1,009 489 48 630 429 68 443 295 67
Vernalis
Suspended Sediment
Stevinson to Newman 111,210 —7,882 -2 66,931 3,432 2 68,033 3,620 3
Newman to Patterson 113,789 113,789 29 16,827 16,828 10 5,248 5,248 5
Patterson to Maze 223,820 148,495 38 97,390 89,095 55 56,438 54,475 48
Road
Maze Road to Vernalis =52,533 —89,397 =23 —19,211 —36,508 =22 —-17,085 —28.624 =25
Total—Stevinsonto 396,286 165,005 42 161,937 72,847 45 112,634 34,719 31
Vernalis

Iror example, the change in load in the reach from Maze Road to Vernalis = San Joaquin near Vernalis load — San Joaquin River at Maze
Road load.

For example, the unaccounted-for load in the reach from Maze Road to Vernalis = San Joaquin River near Vernalisload — Stanislaus River
at Ripon load — San Joaquin River at M aze Road |oad. Positive values mean that the load at the downstream site is under-accounted-for by
inputs from major tributaries. Negative values mean that the load at the downstream site is over-accounted-for by inputs from major
tributaries.

3Equals (unaccounted-for load in reach/change in load from Stevinson to Vernalis) x 100.
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Figure 38. Annual nitrate, total nitrogen, total phosphorus, and
suspended sediment loads at San Joaquin River near Vernalis site,
1972-1990.

discussed in this section into along-term perspective,
the annual loads of nitrate, total nitrogen, total phos-
phorus, and suspended sediment at the San Joaquin
River near Vernalissite during 1972—-1990 are shownin
figure 38. The 1986 loads are in the first quartile
(highest 25 percent) for nitrate, total nitrogen, and
suspended sediment and the second highest quartile for
total phosphorus. The 1988 loads are in the third
quartilefor nitrate, total nitrogen, and total phosphorus
and the fourth quartile for suspended sediment.

The ratios of wet year loads (1986) to critically
dry year loads (1988) for nitrate, total nitrogen, total
phosphorus, and suspended sediment are a function of
the relation of concentration to streamflow. Suspended
sediment concentrations increase with streamflow, and
the ratios of wet year to dry year loads increase as the
proportions of constituents associated with the partic-
ulate fractionincrease. The particul atefractions of total
nitrogen and total phosphorus were calculated from the
NWIS database using the median of 24 monthly mean
particul ate fractionsfor 1986 and 1988. The particul ate
fractions and load ratios for the San Joaguin River near
Vernalis site are:

Wet year
(1986) to
Constituent Particulate dryyear
fraction (1988) ratio
Nitrate 0 1.58
Total nitrogen 0.14 214
Total phosphorus 0.40 2.78
Suspended sediment 1 4.99
Streamflow <0.0001 4.50

Thus, the transport of suspended sediment and
particulate-associated nutrients increases more with
streamflow than does the transport of dissolved
nutrients.

Relation of Stream Loads to Upstream Conditions

Most of the unaccounted-for loads shown in
table 10 could be attributed to agricultural discharges
and diversions (see figs. 8 and 13), wastewater treat-
ment plant discharges (see fig. 9), and uncertainty in
the load estimates (see 95-percent confidence interval
in table 9). The reach of San Joaquin River from
Fremont Ford Bridge (site 20, fig. 17) to Newman (site
27) includes Los Banos Creek and Newman Slough
(fig. 13), which are potentially significant sources of
nutrients not attributed to Salt Slough near Stevinson
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(site 19), Mud Slough near Gustine (site 21), or the
Merced River. Los Banos Creek flows from the Coast
Ranges, through rangeland and wetland areas, and dis-
chargesto Mud Slough below the gaging station. Flow
and load in Los Banos Creek would be most significant
during wet periods, such as 1986. Newman Slough,
which carries surface and subsurface agricultural
drainage from 4,500 acres and wastewater treatment
plant effluent from the city of Newman during wet
periods, discharges to the San Joaquin River just up-
stream of the Merced River (James and others, 1989).
These sources could account for much of the nutrient
loadsin this reach. In the San Joaquin River from
Stevinson to Newman, the suspended sediment loads
are almost completely accounted for by theinputsfrom
Mud and Salt sloughs and the Merced River.

The unaccounted-for nutrient and suspended
sediment | oads between Newman and Patterson can be
attributed primarily to Orestimba Creek, Spanish Grant
Drain, Turlock Irrigation District lateral number 5
(fig. 13), and several smaller agricultural discharges.
Turlock Irrigation Digtrict lateral number 5 discharge
includes effluent from the city of Turlock wastewater
treatment plant. Unaccounted-for loads between
Patterson and Maze Road (sites 31 and 42, fig. 18) can
be attributed primarily to Del Puerto Creek, Hospital
Creek, Ingram Creek (fig. 13), the city of Modesto
wastewater treatment plant discharge, and severa
smaller agricultural dischargesincluding Olive Avenue
Drain and Grayson Road Drain (sites 32 and 35,
fig. 18).

The Stanislaus River isthe only major input
between Maze Road (site 42, fig. 18) and Vernalis(site
47). According to the load estimates, there were
usually losses of nutrients and suspended sediment in
thisreach. Theselosses can beattributed to agricultural
diversions and uncertainty in the load estimates.

Loads in the San Joaquin River can be roughly
assigned as from either west side or east side sources
based on the estimated loads given in table 9, the
unaccounted-for loads, and |oading estimates for the
Turlock and M odesto wastewater treatment plants.
Most nitrate and suspended sediment loads can be
attributed to west side sources, especialy during dry
years. Total nitrogen and total phosphorus|oads cannot
be clearly attributed to either west side or east side
sources dueto the large unaccounted-for component of
the total loads (31 to 68 percent, table 10).

Atmospheric Loads

Nitrogen atmospheric deposition data are avail-
able from the State Atmospheric Acidity Protection
Program (California Air Resources Board, 1991) and
the federal National Atmospheric Deposition Program,
or NADP (National Atmospheric Deposition Program
[NRSP-3]/National Trends Network, 1992) for six
sitesin the study unit (sites 1-6, fig. 39). Another state
site (site 7, fig. 39), outside the study unit, in
Sacramento, is useful to estimate deposition in the
northern half of the San Joaquin Valley. No
atmospheric deposition data were available for
phosphorus from these data sources. M ost total
phosphorus values measured previoudy by the NADP
were |less than the reporting level of 0.01 mg/L as P
(Larry Puckett, U.S. Geological Survey, oral commun.,
1993).

Mean nitrogen loading at each of these sites
during the sampling periods is shown in table 11. The
sampling periods vary among sites, but generally
include water years 1986-1988, plus additional
months. The total nitrogen loading is the sum of the
ammonia wet deposition, the nitrate wet deposition,
and the nitrate dry deposition. The state and federal
programsreported wet deposition valuesthat are based
on volume-weighted mean concentrations during
precipitation. The dry deposition of nitrateis
calculated from the ratio of dry-to-wet deposition for
western states (Sisterton, 1990).

The significance of these atmospheric
deposition values was evaluated by comparing the
atmospheric deposition of total nitrogen in eight
selected drainage basins (fig. 39A—H) to the stream
loads carried from the drainage basins (table 12). This
deposition in drainage basinsis calculated from the
total nitrogen valuesin table 11 and a qualitative
assignment of drainage areas (weighting factorsin
table 12) to deposition sites that are based on
precipitation, € evation, and land use. The eight
drainage basins (fig. 39) include three Sierra Nevada
basins (A,B,C), three valley east side basins (D,E,F),
one valley west side basin (H), and the San Joaguin
River near Vernalis basin (C—H).

When comparing atmospheric deposition loads
to stream loads, it isimportant to consider factors
affecting the runoff coefficient for the drainage basin
such as slope, soil characteristics, land use, and the
manipulation of flow. The runoff coefficient isthe
proportion of total rainfall volume in a watershed that
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Table 11. Mean nitrogen loads at atmospheric deposition sites, San Joaquin—Tulare Basins, California, study unit

[CARB, California Air Resources Board; NADP, National Atmospheric Deposition Program. ft, feet; NH,-N, ammoniaas N; NOs-N,

nitrate as N; tor/mi?/yr, ton per square mile per year]

Atmospheric deposition load (ton/mi?/yr)

(g, 9 e Towan 0 Cpoed WA WOk WO ol
1 Bakersfidd CARB 394 7/85—6/89 0.276 0.136 0.053 0.465
2 Lakelsabela CARB 2,658 7/86 —6/89 0.104 0.116 0.045 0.265
3 Lindcove CARB 459 7/86 — 6/88 0.436 0.252 0.098 0.786
4 Ash Mountain CARB 1,798 7/8 —6/89 0.432 0.340 0.133 0.905
5  SequoiaNational Park (Giant Foresty CARB 6,201 7/86 — 6/89 0.408 0.304 0.118 0.830
5  SequoiaNational Park (Giant Foresty NADP 6,240 10/85 —9/89 0.292 0.263 0.103 0.658
6  Yosemite National Park CARB 4,577 7/85—6/89 0.280 0.280 0.109 0.669
6  Yosemite National Park NADP 4,620 10/85-9/89 0.354 0.403 0.157 0.914
7  Sacramento CARB 112 7/85—6/89 0.508 0.240 0.094 0.842

flows from the watershed as surface water. This
coefficient defines the link between atmospheric
deposition and transport in streams. The link is
expected to be strongest at the Sierra Nevada sites,
particularly the Merced River at Happy IslesBridge (C,
fig. 39). Thissiteisin asmall headwaters drainage
basin of steep granite with no flow manipulationand is
within 15 mi of an atmospheric deposition sampling
site. As expected, the atmospheric deposition load of
nitrogen is nearly equal to the stream load of nitrogen
in this basin (table 12). The sameistrue generally for
thelarger, lower-elevation Kings River Basin (basin B,
fig. 39), although the link between deposition and
transport is not as strong due to other factors such as
flow manipulation, | esser slopes, more permeabl e soils,
and the extrapolation of atmospheric deposition |oads
from more distant sites.

The west side drainage basin (H in fig. 39 and
table 12) has the least rainfall and the smallest runoff
coefficient of the eight basins. In addition, it hasalarge
load of total nitrogen from surface and subsurface
agricultural drainage. Thus, atmospheric deposition
contributes much less of the stream nitrogen load than
the Sierra Nevada sites as indicated in table 12.

Conclusions about the rel ative magnitude of
atmospheric deposition at the other sites are not
possible. The link between atmospheric deposition and
streamflow isweak in thevalley dueto flat slopes, flow
manipulation, and agricultural use of precipitation.

Runoff coefficientsin the valley are low, and most
contributions to streamflow are from irrigation return
flows. Thus, although the deposition load in east side
tributariesis greater than stream loads (table 12), the
actual contribution to stream loads isrelatively small.
At Vernalis, the contribution of atmospheric deposition
is undoubtedly less than at the east side tributary sites
becauseloadsfrom thewest sideareamost exclusively
land based.

Total Loads in the Lower San Joaquin
River Basin

Nutrient loadsand sourceswere evaluated for the
drainage basins shown in figure 39. The shaded areain
figure 39 (basins C-H) is the drainage basin for the
lower San Joaquin River, with headwatersin the Bear
Creek drainage, the eastern portion of drainage
basin G.

M ean stream | oads, point sources (municipal and
industrial), and nonpoint sources (fertilizer application,
manure production, subsurface agricultural drainage,
and atmospheric deposition) are summarized for
drainage basins C through H (table 13; fig. 39). At the
Merced River at Happy Isles (basin C), the only
quantified nutrient source is atmospheric deposition,
which accounts for most of the total nitrogen and total
phosphorus stream load leaving the basin. In the other
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Table 12. Comparison of stream loads and atmospheric deposition loads for total nitrogen in selected drainage basins, San Joaquin—Tulare

Basins, California, study unit, 1986—1988

[mi2, square mile; ton/yr, ton per year]

Atmospheric

Drainage basin Drainage Weighting fact_orfor Stream deposition load for
" area atmospheric load .
(fig. 39) (mi2) denosition site (ton/yr) total nitrogen, as N
pos sttes y (ton/yr)
Sierra Nevada

A Kern River at Kernville 1,027 10.8 Giant Forest 386 655
0.2 Lake Isabella

B Kings River below North Fork, 1,342 10.6 Giant Forest 929 1,070

near Trimmer 0.3 Ash Mountain

0.1 Lindcove

C Merced River at Happy Isles Bridge 181 11.0 Yosemite 149 143

San Joaquin Valley, East Side

C,D Merced River near Stevinson 1,394 10.7 Yosemite 529 1,020
0.2 Sacramento
0.1 Lindcove

E Tuolumne River a Modesto 1,842 10.7 Yosemite 717 1,510
0.2 Sacramento
0.1 Lindcove

F Stanislaus River at Ripon 1,111 10.7 Yosemite 693 862
0.2 Sacramento
0.1 Lindcove

San Joaquin River

C—H San Joaquin River near Vernalis 7,345 10.6 Yosemite 6,697 5,339
0.2 Sacramento
0.1 Lindcove
0.1 Bakersfield

San Joaquin Valley, West Side
H Salt Slough near Stevinson and 473 1.0 Bakersfield 2,024 221

Mud Slough near Gustine

basins, the mean stream load |leaving the basins
accountsfor 5to 10 percent of the nitrogen sources and
2 to 5 percent of the phosphorus sources.

The maximum possible contribution of point
sourcesto mean stream load isshownintable 13. [t was
assumed that none of the nitrogen or phosphorus from
point source discharges was diverted at the points
identifiedinfigure 8, and, therefore, flowed to Vernalis.
This is an unreasonable assumption, especially during
theirrigation season of adry year when most of the San
Joaquin River upstream of the Tuolumne River
confluence is diverted.

During 1986-1988, the total transport of nutri-
ents from the lower San Joaquin River Basin (fig. 39)

was about 5 percent of the total sources of total
nitrogen and about 3 percent of thetotal sources of total
phosphorus (table 13). Nonpoint sources accounted for
at least 81 percent of thisnitrogen transport and at |east
68 percent of this phosphorus transport.

TRENDS IN CONSTITUENT CONCENTRATIONS

Trends in concentrations of nitrate, ammonia,
total nitrogen, orthophosphate, total phosphorus, and
suspended sediment during the 1980s at the long-term
water quality monitoring sites (fig. 18) were evaluated
using the PT2 program. For nitrate and suspended
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Table 13. Estimated loads of total nitrogen and total phosphorus in the lower San Joaquin River Basin, California, by subbasin for late 1980s

[All loads given as ton per year; top number is total nitrogen load, as N, (bold numbers in parentheses represent tatas fdespd® P); mg/L, milligram per liter; ingquare mile;
ft3s, cubic foot per second]

Mean' Load from point sources Load from nonpoint sources Mean Point
. . Drainage Subsurface . - stream load sources
Drainage basin stream . Atmospheric Fertilizer . .
. area L9 . 3 agricul- . . Manure Total sources + +
(see fig. 39) 2 load, Municipal® Industrial deposi- appli- L g
(mi¢) tural . B D6 production total mean stream
1986-1988 . a tion cation 3
drains sources load
Merced River at Happy Isles 181 149 0 0 0 143 0 0 143 1.04 0.00
Bridge (C) ®) ) ©) 0 3 ©) 0 3 (1.67) (0.00)
Merced River near Stevinson (D) 1,394 529 24 0 0 1,020 2,536 3,720 7,300 0.07 0.05
(43) 4 0) ©) (20) (365) (1,004) (1,393) (0.03) (0.09)
Tuolumne River at Modesto (E) 1,842 717 0 0 0 1,510 2,263 3,537 7,310 0.10 0.00
(63) 0) 0) ©) (30) (326) (923) (1,279) (0.05) (0.00)
Stanislaus River at Ripon (F) 1,111 693 0 0 0 862 3,888 4,698 9,448 0.07 0.00
(77) (0)] 0) ©) a7) (560) (1,196) 1,773) (0.09) (0.00)
Mud and Salt Sloughs (H) 473 2,024 0 0 1,392 221 13,733 9,571 24,917 0.08 0.00
(108) 0) 0) (6) 4) (1,978) (2,496) (4,480) (0.02) (0.00)
San Joaquin River near Patterson 3,736 4,560 625 28 1,449 2,437 33,623 34,153 72,315 0.06 0.14
(C, D, H, and part of G) (546) (114) (25) (6) (49) (4,843) (8,900) (13,937) (0.04) (0.25)
San Joaquin River near Vernalis 7,345 6,697 1,254 28 1,487 5,339 50,931 65,558 124,597 0.05 0.19
(C,D,E,F, G andH) (795) (228) (25) (7) (107) (7,335) (16,928) (24,630) (0.03) (0.32)
1See table 9.

2Based on information in National Pollutant Discharge Elimination System files (see table 2) and unpublished nutrient data from cities of Turlock and M odesto (see table 3). Cal culations are based on total
nitrogen concentration of 22 mg/L as N, total phosphorus concentration of 4 mg/L as P, and total wastewater treatment plant discharge at Vernalis of 58 ft%s.

3Based on information regarding the industrial discharges shown in figure 9 (Ken Landau, California Regional Water Quality Control Board - Central Valley Region, oral commun., 1993). Most discharges
are assumed to be cooling water only, with no nutrient content. A small milk production facility isincluded, with estimated nutrient concentrations of 36.5 mg/L as N for total nitrogen and 33.3 mg/L asP
for total phosphorus (Larry Puckett, U.S. Geological Survey, written commun., 1993).

4Assuming a drainage factor of 0.7 acre-feet per acre for the area of tile drains shown in figure 12 (58,489 acres) and other reaches of the San Joaguin River (10,010 acres) (from Kratzer and others, 1987).
Calculations are based on atotal nitrogen concentration of 25 mg/L as N for the 58,489 acres and 10 mg/L as N for the 10,010 acres and a total phosphorus concentration of 0.1 mg/L as P (see table 3) (from
California Department of Water Resources, 1975).

5Total nitrogen values are shown in table 12. Most National Atmospheric Deposition Program total phosphorus values were less than 0.01 mg/L as P (Larry Puckett, U.S. Geological Survey, oral commun.,
1993), and a nitrogen-to-phosphorus ratio of 50 was used to calcul ate total phosphorus concentrations for atmospheric deposition. Thisresultsin tota phosphorus concentrations of 0.003-0.006 mg/L as P,
depending on the site.

6County data from U.S. Environmental Protection Agency, 1990. Calculations based on proportion of county or county’s valley floor areain drainage basin.

"County datafrom U.S. Department of Agriculture and California Department of Food and Agriculture, 1991. Calculations based on proportion of county or county’s valley floor areain drainage basin.

8Maximum possible contribution of point sources to mean stream load.



Table 14. Trends in nutrient and suspended sediment concentrations during the 1980s, San Joaquin—Tulare Basins, California, study unit

[Numbers (p-values) represent data from Seasonal Kendall test; trend is considered significant if p-valueis less than or equal to 0.05.
Symbols: A, upward trend, not flow adjusted; A , upward trend, flow adjusted; © , no trend, not flow adjusted; @, no trend, flow
adjusted; v, downward trend, not flow adjusted; ¥, downward trend, flow adjusted; <, less than; —, no data

Nitrate, Ammonia, Nitrogen, Ortho- Total Suspended

Site No. Station name (fig. 19) dissolved dissolved total phosphate phosphorus sediment

(1980-1989) (1982-1989) (1982-1989) (1982-1989) (1982-1989) (1980-1989)

1 KernRiver at Kernville 0(0.30) V¥ (<0.01) V¥ (0.02) v(0.02) v(0.02) @®(0.75)

4 KingsRiver below North Fork, near Trimmer ©(0.72) ¥ (<0.01) @ (0.07) 0(0.11) v(<0.01) 0 (0.40)
16 San Joaquin River near Stevinson ©(0.33) — — © (0.94) A(0.02) —
19 Salt Slough near Stevinson — — — 0(0.17) 0(0.43) —
20 San Joaquin River at Fremont Ford Bridge A(<0.01) — A(<0.01) — — —
21 Mud Slough near Gustine — — — — ©(0.12) —

47 San Joaquin River near Vernalis A (<0.01) V¥ (<0.01) @ (0.85) @ (0.33) @ (0.50) @ (0.14)

49 Mokelumne River at Woodbridge A(0.05) ¥ (0.03) @ (0.67) 0 (0.57) @ (0.76) @ (0.69)

sediment, the trend-analysis period was 1980-1989.
Thetrend-analysisperiod for the other constituentswas
1982-1989; |aboratory biases were reported for USGS
data during water years 1980 and 1981. Results of the
trend analysis are given for 8 of the 49 long-term sites
(table 14). The other sites did not have enough data
during this period to report trends. The 95-percent
confidence level is used as the criteria for significance
of upward or downward trends. Trends based on the
seasonal Kendall test are considered significant if the
p-valuesare lessthan or equal to 0.05. Trendsthat were
not flow-adjusted (table 14) should be considered with
caution. The later years of the trend-analysis period
were much drier than the earlier years. Thus, some of
the nonflow-adjusted trends, especially upward trends,
could be primarily due to reduced flows.

Nutrient concentrations, except nitrate, have
been decreasing at the Kern River site during the 1980s
despite reduced flows during the trend period
(table 14). This decrease probably isrelated to the
state’s continuing effort to improve timber-harvesting
practices and to minimize degradation of stream qual-
ity by domestic wastes and urban runoff. Flow-adjusted
ammoniaconcentrationshave decreased at several sites
and probably is related to improved regulation of
domestic and dairy wastes. The increase in nitrate con-
centration in the San Joaquin River near Vernalis (site
47) is caused primarily by increased agricultural return
flowsto the San Joaguin River. Thisincreasein nitrate
was offset by the decrease in ammonia such that there
was no trend in the total nitrogen concentration.

A highly significant, flow adjusted, statistical
trend (p<0.01) of increasing nitrate concentration inthe
San Joaquin River near Vernalis (site 47 [1951-1990])
is shown in figure 40. A combination of NWIS and
STORET data fills some data gaps and provides good
coverage for the entire 40-year period. The increasing
nitrate trend could be attributed to several sources
including subsurface agricultural drainage, runoff from
fertilizer application (tailwater), wastewater treatment
plant effluent, and runoff from dairies. The relative
contributions of these sources can be evaluated by
nitrate load estimates and differences in nutrient
concentrations (table 3).

The following information on nutrient sources,
loads, and trendsrelating to thisincreasing nitrate trend
at Vernalisis shown in figure 41 (A-D):

(A) Nitrogen fertilizer application and nitrogen
in manurein lower San Joagquin River Basin
(1951-1990) (table 2).

(B) Five-year running averages (1953-1988) of
estimated nitrate loads in the San Joaguin
River Basin near Vernalis, in the combined
east sidetributaries (Merced, Tuolumne, and
Stanislaus rivers), and in subsurface agri-
cultural drains. Loads in the San Joaquin
River and east side tributaries were com-
puted by the ESTIMATOR program. The
east side tributary |oads are assumed to be
related primarily to runoff from fertilizer
applications. Estimated loads from
subsurface agricultural drains assume a
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Figure 40. Trend in nitrate concentration at San Joaquin River near Vernalis site, 1951-1990 (seasonal Kendall test p-value is less than 0.01).

constant concentration of 25 mg/L asN, a
drainage factor of 0.7 acre-feet per acre
(acre-ft/acre), and the subsurface drain
installation schedule shown in figure 12.
(C) Five—year running averages of normalized
nitrate concentrations in the San Joaquin
River near Vernalis, in east side tributaries,
and in subsurface drains (1953-1988) were
calculated by dividing the nitrate |oads by
total annual streamflows in the San Joaguin
River near Vernalis. Concentrations shown
for each source represent the portion of
concentration at Vernalis contributed by the
source.
(D) Flow-adjusted nutrient concentration trends
in the San Joaquin River near Vernalis.
Other sources of nitrate loads and concentra-
tions (fig. 41B and C) include wastewater treatment
plant discharges, runoff from dairies, and runoff from
fertilizer applications west of the San Joaquin River.
These sources were especially important in the early
1980s because of the effect of water year 1983 on the
5-year running averages. Water year 1983 was an
extremely wet year, and unusually large inputs of
nitrate were probable from the following sources:

(2) inflow from the Tulare Basin through Fresno
Slough (fig. 1), (2) discharges from the M odesto
wastewater treatment plant (fig. 9), (3) runoff from
dairies, and (4) runoff from fertilizer applications west
of the San Joaquin River.

On the basis of the information summarized in
figure 41, the source of the nitrate increase during the
1950s is indeterminate. During the 1960s, phosphorus
concentrations in the lower San Joaquin River near
Vernalis decreased (fig. 41D), and nitrate loads in
runoff to the lower San Joaquin River from fertilizer
application (east side tributariesin fig. 41B) and
subsurface agricultural drainage (fig. 41B) increased.
Thus, increased nitratein theriver wasduetoincreases
in runoff from fertilizer application and subsurface
drainage during the 1960s.

Since 1970, phosphorus and ammonia
concentrations in the river have remained relatively
low and stable (fig. 41D). Nitrate runoff from fertilizer
applications (east side tributaries in fig. 41B) was
relatively stable. Nitrate |oads to the river from
subsurface agricultural drainage (fig. 41B) have
increased steadily and were the primary cause of the
increase in concentrations in the river since 1970.
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Figure 41. Potential sources of total nitrogen in the lower San Joaquin River Basin, California, nitrate loads and concentrations, and nutrient
trends in the San Joaquin River near Vernalis site. See figure 18 for site locations.
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Nitrate in the subsurface agricultural drainageis
primarily from the leaching of native soil nitrogen and
not from fertilizer application (Brown, 1975). A study
using N labeled fertilizer found that only about 5
percent of the fertilizer applied nitrogen appeared in
soil extracts (Bureau of Reclamation, 1972). California
Department of Water Resources (1971) found no
correlation between fertilizer application and effluent
nitrogen in subsurface agricultural drains. A mass
balance for a drained area showed that nitrogen in the
harvested crops accounted for amost al the applied
fertilizer nitrogen (Brown, 1975). Despite large
increases in fertilizer application (table 2), nitrate
concentrations in the Grasslands area (fig. 10) have

been fairly constant since at least 1967, on the basi s of
DWR monitoring data (California Department of
Water Resources, 1975, 1986).

The increase in nitrate concentrations during
1972-1990 also is apparent at most other sites on the
lower San Joaquin River shown in figure 42.
Flow-adjusted scatterplots with LOWESS trend lines
show nitrate, total phosphorus, and suspended
sediment concentrations at five San Joaquin River sites
(figs. 42-44). Similar data are shown in scatterplots for
five representative long-term sites (figs. 45-47). The
long-term sites are two Sierra Nevada sites (Merced
River at Happy Isles Bridge [site 22] and Tuolumne
River at LaGrange Bridge [site 37]), two east side

EXPLANATION
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® | essthanvalue
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Figure 42. Nitrate concentrations at selected San Joaquin River sites, California, 1972-1990. See figure 18 for site locations.
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valley sites(Tuolumne River at Tuolumne City [site 39]
and Stanislaus River at Koetitz Ranch [site46]), and one
west side valley site (Salt Slough near Stevinson
[site 19)).

The increasing nitrate trend at the San Joaquin
River sites shown in figure 42 probably is dueto
agricultural return flows. All sites appear to have
increasing concentrations except for the San Joaquin
River near Stevinson site (site 16), which is upstream of
most agricultural return flows. The increasing nitrate
trends at the Vernalis site (site 47) and Fremont Ford
Bridge (site 20) are statistically significant for the 1972—
1990 time period (p<0.001 and p=0.012, respectively).

The lack of trends at Vernalis (site 47) for total
phosphorus and suspended sediment concentrations
also is apparent at the upstream sites (figs. 43 and 44).
The Patterson site (site 31) appears to have increasing
concentrations of total phosphorus (fig. 43) during the
late 1980s; however, thistrend is not statistically
significant.

Theonly visual trendsfor nitrate at thelong-term
sitesare an increasing trend at the Salt Slough site and
adecreasing trend at the Stanidaus River site (site 46
[fig. 45]). These trends are not statistically significant
dueto thelack of sufficient data during the period. The
SierraNevada site on the Merced River also appearsto
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Figure 43. Total phosphorus concentrations at selected San Joaquin River sites, California, 1972-1990. See figure 18 for site locations.
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have an increasing trend for nitrate due to the method
by which values below the detection limit for the
LOWESS trend line are set to the detection limit by the
PT2 program. Thetrend linesfor total phosphorus and
suspended sediment concentrations are basically flat
for the representative sites that have adequate data
coverage during the period (figs. 46 and 47). The
Merced River at Happy Isles Bridge and the Tuolumne
River at La Grange Bridge sites (sites 22 and 37,
respectively) could not be flow adjusted for total
phosphorus and suspended sediment, and only concen-
tration trends are shown for these sites.The Stanislaus
River at Koetitz Ranch site (site 46) could not be flow
adjusted for suspended sediment.

SUMMARY AND CONCLUSIONS

The spatial and temporal availability of nutrient
and suspended sediment data and patterns of
concentrations and loads in the San Joaquin-Tulare
Basins for 1972—1990 are described. A database
representative of ambient surfacewater conditionswas
devel oped by excluding sites representing or directly
influenced by small subsurface agricultural drains,
wastewater treatment plant effluents, major water
supply canals, and reservoirs. This database included
432 sites with data on nutrient and(or) suspended
sediment concentrations. For thisreport, data analysis
was limited to 49 long-term sites with 3,397 nutrient
samples and 5,089 suspended sediment samples.
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Figure 44. Suspended sediment concentrations at selected San Joaquin River sites, California, 1972-1990. See figure 18 for site locations.
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Comparisons of nutrient and suspended sedi-
ment concentrations were made among three environ-
mental settingsin the study unit: the west side of the
San Joaguin Valley, the east side of the San Joaquin
Valley, and the SierraNevada. The primary land useis
agriculture at the valley sites and forest at the Sierra
Nevada sites. Soils at the western valley sites are pri-
marily fine-grained alluvial deposits from the Coast
Ranges; the eastern valley sites are primarily coarser-
grained alluvia deposits from the Sierra Nevada. Nu-
trient and suspended sediment concentrations in sur-
face water are highest on the west side of the valley.
Within the study unit, concentrations of nutrients and
suspended sediment in agricultural areas are not signi-
ficantly different from national averages. However, the

concentrations of these constituentsin forested areas
are significantly lower than national averages.
Discharges and diversions of agricultural drain-
age and reservoir operations create some unusual
streamflow versus concentration relationsin the study
unit. At the San Joaquin River near Vernalissite, nitrate
concentrations increase with streamflow at flow rates
less than 1,000 cubic feet per second, then decrease
with streamflow at higher flow rates. Suspended
sediment concentrations decrease slightly with
streamflow at the Vernalissite. Nutrient concentrations
in the lower San Joaquin River are determined
primarily by relatively concentrated inputs from west
side agricultural drainage, discharges from east side
wastewater treatment plants and dairies, and by
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Figure 45. Nitrate concentrations at representative sites in San Joaquin—Tulare Basins, California, study unit, 1972-1990. See figure 18 for site

locations.
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relatively diluteinputsfrom major east sidetributaries.
On the basis of size distribution and load calculations
in the San Joaquin River and tributaries, most
suspended sediment in the river comes from west side
sources.

Load calculations were attempted at al 49 long-
term sites in the study unit for water years 1986-1988.
Reasonable estimates of nitrate loads were cal cul ated
at 23 sites, total nitrogen at 15 sites, total phosphorusat
20 sites, and suspended sediment at 14 sites. Nutrient

0.25 11264500 Site 22, Merced River at Happy Isles Bridge
. T T T T T T T T T T T

and suspended sediment loadsin the lower San Joaquin
River were much greater in awet year (1986) thanin a
critically dry year (1988). The ratio of 1986 to 1988
streamflow was 4.50. Ratios of loads increased with
particulate fraction of the constituent: 1.58 for dis-
solved nitrate, 2.14 for total nitrogen, 2.78 for total
phosphorus, and 4.99 for suspended sediment. During
water years 1986—1988, nonpoint sources accounted
for at least 81 percent of the total nitrogen load and 68
percent of the total phosphorus load leaving the San
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Figure 46. Total phosphorus concentrations at representative sites in San Joaquin—Tulare Basins, California, study unit, 1972—1990. See

figure 18 for site locations.
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Joaquin Basin. The overall transport of total nitrogen
and total phosphorus from the basin during thistime
was 5 percent and 3 percent of the total sources,
respectively. Atmospheric deposition is probably the
primary source of nitrogen load at high Sierra Nevada
sites and is aminor source at sites on the west side of
the valley. Overall, the atmospheric load is probably a

small component of nutrient export from the study unit.

Flow-adjusted nitrate concentrationsinthelower
San Joaquin River have increased steadily since 1950.
This can be attributed to many factors, including
increases in subsurface agricultural drainage, fertilizer
application, wastewater treatment plant effluent, and
runoff from dairies. Since 1970, thisincrease has been

due primarily to increases in subsurface agricultural
drainage of mostly native soil nitrogen. Flow-adjusted
ammonia concentrations decreased between
1982-1989 at Sierra Nevada sites on the Kern and
Kings Rivers and at valley sites on the lower San
Joaguin and Mokelumne Rivers. This decreaseis
probably related to improved regulation of domestic
and dairy wastes.
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