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CONVERSION FACTORS, VERTICAL DATUM, WATER QUALITY UNITS,
WATER YEAR, AND ABBREVIATIONS AND ACRONYMS

Conversion Factors

Muttiply 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 (miz) 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, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived

from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929. : :

Water Quality Units - WAL M

. . e . - . I
Concentrations of constituents in water samples are given in milligrams per liter (mg/L). Milligrams per liter is “l’@) .
equivalent to “parts per million.” ’ W

Qer Ci
Water Year

In U.S. Geological 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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Abbreviations and Acronyms
S -
BOR,(L ureau of Reclamation é
CARB, California Air Resources Board
COE, U.S. Army Corps of Engineers
CRWQCB, California Regional Water Quality Control Board
CVP, Central Valley Project
DWR, California Department of Water Resources
EPA, U.S. Environmental Protection Agency
GIRAS, Geographic Information Retrieval and Analysis System
LOWESS, LOcally WEighted Scatterplot Smoothing (technique)
NADP, National Atmospheric Deposition Program '
NASQAN, National Stream Quality Accounting Network
NAWQA, National Water-Quality Assessment
NPDES, National Pollutant Discharge Elimination System
NWIS, National Water Information System of the U.S. Geological Survey
" NWQL, National Water-Quality Laboratory
QA/QC, Quality assurance/quality control
SAS, Statistical Analysis System

ks @

l{v\c([/- v/’(

STORET, STOrage and RETrieval database of the U.S. Environmental Protection Agency

SWP, State Water Project
SWRCB, California State Water Resources Control Board
USGS, U.S. Geological Survey

mm, millimeter

‘'mg/L, milligram per liter

pS/cm, microsiemen per centimeter at 25 degrees Celsius
pg/L, microgram per liter
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Water Q‘uality 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 Basins in
California were assessed using 1972-1990 data
from the U.S. Geological Survey’s National Water
Information System and the U.S. Environmental
Protection Agency’s STOrage and RETrieval
database. A database representative of ambient
surface water conditions was developed by
excluding sites representing or directly influenced
by small subsurface agricultural drains,
wastewater 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
Joaquin 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
a wet year (1986) than in a critically dry year
(1988). Ratios of 1986 to 1988 loads increased
with the particulate 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 transport of total nitrogen and total phos-
phorus from the basin during this time was
5 percent and 3 percent of the total sources,
respectively.

Flo“iadjusted nitrate concentrations in 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

treatment plant effluent, and runoff from dairies.
Since 1970, this increase has been due primarily to
increases of mostly native soil nitrogen in’
subsurface agricultural drainage. Flow adjusted
ammonia concentrations have decreased during

the 1980s at séveral sites. These decreases are

probably related to improved regulation of

domestic and dairy wastes.

Abstract 1
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The quality of the nation’s ground- and surface-
water resources is being affected by numerous human
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 a wide range of spatial scales, from
local to national, and to focus on water quality
conditions that 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 nutrients in surface water and ground water.
The highest priority national issues for the first 20
NAWQA study units are pesticides and nutrients. An
important first step for each study unit is to review what
is already-known about each of these issues. In
particular, 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 a review and an analysis of existing data
on nutrients and pesticides for each study unit is one of
the first major product of the NAWQA Program.

This report presents an analysis of available data
on nutrients and suspended sediment in surface water
of the San Joaquin-Tulare Basins study unit. Except
for Vernalis, the main downstream site on the San
Joaquin River, data analysis is limited to 1972-1990.
The purposes of this report are to: (1) describe the
spatial and temporal availability of nutrient and
suspended sediment data in the study unit, and (2)
present a preliminary description of the spatial and
temporal patterns of concentrations and loads in‘the
study unit. The information 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 and phosphorus, the main nutrients responsible for
eutrophication in surface water. The U.S. Environ-
mental Protection Agency (EPA) has set criteria for
nitrogen (nitrate and ammonia), but not for phos-
phorus. The maximum allowable level for nitrate in
drinking water is 10 milligrams per liter (mg/L) as

nitrogen (N). For ammonia, the ambient water quality
criterion to protect freshwater aquatic life are calcu-
lated using pH and temperature of the water at the time
of sampling. In the study unit, the criterion for
ammonia ranges from less than 0.2 to greater than 50
mg/L, as N. Although there are no established water
quality criteria for suspended sediment, studies have
shown that elevated 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 has a
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 unit is divided further
into the San Joaquin Basin to the north and the
hydrologically closed Tulare Basin to the south. During
wet years, some surface water from the Tulare Basin
flows into the San Joaquin 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 is a flat structural basin bounded by the
Sierra Nevada to the east, the Coast Ranges to the west,
the Tehachapi Mountains to the south, and the
Sacramento-San Joaquin Delta to 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 sea level in the north to 1,000 ft above sea level in
the southeast.

The bedrock geology of the Sierra Nevada to the
east of the San Joaquin Valley contrasts sharply with
that of the Coast Ranges to the west. The Sierra Nevada
primarily are composed of pre-Tertiary granitic rock
and are separated from the valley by a foothill belt of
Mesozoic and Paleozoic marine rocks and Mesozoic
metavolcanic 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

2 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990 .
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Figure 1. San Joaqmn—Tulare Basins, Calrfomla study unit.
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Jurassic to Late Cretaceous or Paleocene age and of
ultramafic rocks of Mesozoic age. These rocks are
overlain by marine and continental sediments of
Cretaceous to Quaternary age and some Tertiary
volcanic rocks.

Sediment of the San Joaquin Valley consists of
interlayered gravel, sand, silt, and clay derived from
the adjacent mountains and deposited in alluvial-fan,
flood-plain, flood-basin, lacustrine, and marsh
environments. 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
thickness 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. Sediments in the west side -

alluvial 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 are finer 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 Joaquin Valley and the eastern slopes
of the Coast Ranges are in the rainshadow of the Coast
Ranges. The Sierra Nevada force warm, moist
airmasses from the Pacific Ocean aloft. As the
airmasses cool, the moisture condenses, resulting in
heavy precipitation on the western slopes. This
precipitation, occurring as both rainfall and snow, is the
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 Sierra Nevada, mostly in the form of snow,
varies from about 20 in. to more than 80 in. at some
higher altitudes. Precipitation in the Coast Range§ -
(within the study unit) varies from less than 10 in. to
more than 20 in. As in the valley, precipitation in the
Sierra Nevada 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. Jariuary is the month of peak
precipitation in most areas.

PRELIMINARY
Surface Water Hyd%’wg&im 70 REVISION

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). As with
precipitation, runoff increases from south to north.
Runoff in the Sierra Nevada varies from about 10 in. to
more than 40 in. Runoff in the valley varies from less
than 1 in. to almost 10 in. Runoff is less than 2 in.
throughout the Coast Ranges.

e ualstreamflow for 1950-1991 at seven
representative sites in the study unit is shown in figure.
3. These include three Sierra Nevada sites, three San
Joaquin Valley sites, and one Coast Ranges site.” Al
sites show the effect of the recent drought years ($93%9¢¢.
1992) and the relatively wet period preceding the: Caﬁt
drought (1978-1986). As with precipitation, annual. :
streamflow is highly variable. el

ear\monthly streamflow at the seven /U
representative sites 1s shown in figure 4. All Sierra
Nevada sites have peak flows in May and June; this
corresponds to the peak period of snowmelt runoff. The
Mokelumne River site has a lower-altitude drainage
basin and more rain than snow, relative to the other
Sierra Nevada sites. This probably accounts for the
flatter peak period for this site.

The peak streamflows at the San Joaquin Valley
and Coast Ranges sites usually occur during February
through April. Major reservoir development has altered
the seasonal patterns at the Merced River near
Stevinson and San Joaquin River near Vemnalis sites,
and the seasonal patterns are shown before and after
development of major reservoirs (fig. 4). The
postreservoir period at the San Joaquin River near
Vernalis was a much wetter period. Mean annual flows
were 5,160 cubic feet per second (/s) compared to
3,970 ft/s Lor the prereservoir period and meam
monthly,streamflows were 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
releases, dilution releases to meet Sacramento—San
Joaquin Delta water quality standards, and upstream
agricultural diversions. The Cosumnes River and Los
Gatos Creek sites are not affected by upstream reser-
voirs. The seasonal pattern for Los Gatos Creek
corresponds directly to rainfall runoff; the Cosumnes
River has a combination of rainfall and snowmelt
runoff. '

4 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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' Figure 2. Méan annual precipitation, Sani Joaquin-Tulare Baéins, Califomnia, study unit. (Modified from Rantz, 1969.)
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@ Unimpaired flow to valley floor
in San Joaquin River Basin
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1.2 San Joaquin River Basin -
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Figure 5. Monthly mean streamflow, San Joaquin Basin,
Californid® 1979-1992.

The overall effect of reservoirs and agricultural
water use on outflow from the San Joaquin Basin is
shown in Rgaie’5, monthly/unimpaired stream-
flow to the valley floor in the San Joaquin Basin is
compared with outflow of the San Joaquin River at
Vernalis, for the postreservoir-development period of
1979-1992. Unimpaired flow, a term used by the
California Department of Water Resources (DWR),

~ represents the runoff from a basin if the flow of water

had not been altered (California Department of Water
Resources, 1987a). The total unimpaired streamflow to
the valley floor in the San Joaquin Basin (fig. 5) is the
sum of unimpaired flows on the San Joaquin River at
Millerton Lake (site 6, figf 6); Merced River at Lake

. McClure (site 20), Tuolumne River at New Don Pedro

Reservoir (site 21), Stanislaus 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
the valley (about 6.1 million acre-ft/yr during the same
period) mostly because of agricultural water use in 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 release 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 systems in the study unit are
shown in figure 6 and listéd in fable 1. The only major
stream in the study unit without a major reservoir is the
Cosumnes River. Twenty-three of the 25 reservoirs
listed in table 1 are used at least in part for hydropower
production. The exceptions are Eastman Lake (site 22)
and Hensley 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 ﬁvdbﬁ‘ﬁéla)

reservoirs have significant municipal uses: HetcgrL “"’/’

Hetchy Reservoir (site 2) is owned and operated

city and county of San Francisco, Pardee Reservoiz?
(site 4) is owned and operated by East Bay Mi.sipal
Utility District for water supply east of San Franeisco
Bay, and San Luis Reservoir (site 19) is jointly owned
and operated by the DWR and the Bureau of
Reclamation (BOR) as a major storage reservoir of the
State Water Project (SWP) and the Central Valley
Project (CVP) aqueduct 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 (Delta-Mendota [site I], Friant~Kemn [site
H], and Madera [site J] Canals), and Merced, Modesto,
Oakdale, South San Joaquin, and Turlock Irrigation
Districts. 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  Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, Caiifornia, 1972-1990
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EXPLANATION
Reservoir and site number
(:B Distribution system and site

L number

\ Note: names and data for
reservoirs and distribution
L} systems shown in table 1

== — —— Study unit boundary

$
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Figure 6. Major reservoirs and distribution systems in San Joaquin-Tulare Basins, California, study unit{See table 1.

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 Joaquin Basin is defined by a water 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
the reservoir carryover storage from the previous water

- Description of the Study Unit ¢
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Table 1. Major reservoirs and distribution systems, San Joaquin-Tulare Basins, California, study unit
[Major use: I, irrigation; M, municipal supply; P, hydropower production. Acre-ft, acre-feet; ft>/s, cubic feet per second; mi, mile. California
Department of Water Resources, 1984, 1987b, 1994a; California State Water Resources Control Board, 1987; Gamner Reynolds, c1ty of
Modesto, oral commun., 1996]
Capac
; s(g;hg; Reservoir co;:::te d (mo‘:malzi Waterway h:;j:r
: acre-ft)
1  Huntington 1917 89 San Joaquin River P
2  Hetch Hetchy 1923 360 Tuolumne River MP
: 3  Shaver 1927 135 San Joaquin River P
4 Pardee 1929 210 Mokelumne River MP
5  Sait Springs 1931 139 Mokelumne River P
6 Millerton 1947 520 San Joaguin River LP
7 Isabella 1953 570 Kermn River LP
8 Edison 1954 125 San Joaquin River P
9 . Pine Flat 1954 1,000 Kings River LP
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 Joaguin River P
15  Success 1961 85 Tule River LP
16 Kaweah 1962 150 Kaweah River LP
17 Camanche 1963 431 Mokelumne River LP
18 New Hogan 1963 - 325 Calaveras River IMP
19 SanLuis 1967 2,039 California Aqueduct!Delta—Mendota Canal IMP
20 McClure , 1967 1,026 Merced River i LP
21 New Don Pedro 1971 ° 2,030 Tuolumne River IMP
22 Eastman 1979 150 Chowchilla River 1
23 Hensley 1979 90 Fresno River I
24 New Melones 1979 2,400 Stanislaus River LP
25 New Spicer Meadow 1989 189 Stanislaus River P
Site No. " Year Capac Len ' Major
(fig. 6) Distribution system completed (gslsi;y (m?;h us]e
A Central California Irrigation District Main Camnal 1880 1,800 71 M
B Merced Irigation District Main Canal 1886 2,000 21 I
C  Turlock Irrigation District Main Canal 1900 2,100 22 I
D Modesto Irrigation District Main Canal 1904 2,100 46 IM
E South San Joaquin Irrigation District Main Canal 1913 950 32 I
f . F  Mokelumne Aqueduct 1929 590 90 M
. G  Hetch Hetchy Aqueduct 1934 460 152 M
‘ H Friant-Kemn Canal 1944 4,000 152 I
I Delta-Mendota Canal . 1951 4,600 116 I
, J Madera Canal ‘ 1952 1,000 36 I
K Oakdale Irrigation District Main Canal 11958 2525 36 I
L California Aqueduct ' ' . 1968 13,100 444 LM,P
M Cross Valley Canal _ 1975 740 20 I
2North Main Canal. -
South Main Canal.
year constrained by a maximum allowable value (20 and six critical (fig. 7). Thus, it was a period of
percent) (California State Water Resources Control extremes. The first six water years of thé study period
Board, 1992). Water years 19501992 are classifiedon ~ were balanced—two wet, one above normal, one dry,
the basis of this index as wet, above normal, below and two critical. The drought of 1976-1977 was
. normal, dry, or critical (figz])% followed by a 9-year period dominated by wet water

During the study period, 1972-1990, there were  years, including the extremely wet water year of 1983.
seven wet water years, three above normal, three dry, Overall, this 9-year period included five wet, two

10 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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San Joaquin Basin water year index,
In million acre-feet
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above normal, and two dry water years. Following that
9-year wet period were six consecutive critical water
years.

Population and Land Use
- In 1990, the population 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)
(California 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 (GIRAS)

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 the rangeland is in the Coast Ranges, at
the valley margin, or in the Tehachapi Mountains (fig.
1). Little, if any, surface water runoff reaches the valley
from these areas. The forest 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 area in the study unit is the

Grasslands (fig. 1). Wetland areas include pubhc lands -

1990 Classification

Water year
Flgure 7. Water year hydrologic classifications for the San Joaquin Basin, Califomia, 1950-1992.

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 the valley. Wetland areas are in 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 the rest.
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. Geological 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) was imported 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,

Description of the Study Unit -1t
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agriculture accounted for 96.4 percent of the total use.
Domestic use (for example, drinking water) accounted
foronly 1.1 percent of the consumptive use in the study
unit, and virtually all this was from 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 is excess irrigation water supply that is
not applied to agricultural lands, but is instead returned
to a surface water system. '

The use of water along the lower, perennial San
Joaquin River upstream from Vernalis affects water
quality. During the irrigation season, diversions for
irrigation often remove most of the river flow (Kratzer
and Grober, 1991). Main irrigation-season diversions
from this reach of the river and east side tributaries are
shown in ig}ifé 8 (James and 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 diversions in this area (Kratzer and others,
1987).

ENVIRONMENTAL FRAMEWORK FOR
WATER QUALITY ASSESSMENT

Point Sources

Discharges to surface water in the study unit
include point source discharges with 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 sites in
the study umt (fig. 9) with mean discharge rates greater
than 0.5 ft*/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 (fig. 94). The amounts of discharge
from each location are shown in figure 9B. Only five of
these discharge sites average more than 10 ft/s:

Discharge Dischargé,
~ site in ft%/s
Modesto Wastewater Treatment Plant 39
Texaco Qil (near Bakersfield) 26
Visalia Wastewater Treatment Plant 19
Turlock Wastewater Treatment Plant 14
Merced Wastewater Treatment Plant 11

The largest cities in 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, discharges to 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
to land adjacent to the ponds during the rest of the year.
The Turlock and Merced treatment plants discharge to
the San Joaquin River through the Turlock Irrigation
District drain lateral number 5 and Owens Creek,
respectively. The Visalia and Texaco discharges are in
the Tulare Basin (Kaweah and Kern Rivers,
respectively) and do not affect surface water in the San
Joaquin Basin.

Nonpoint Sources

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

The nonpoint source mformatlon 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 discharges to the

12 Water Quality Assessment and Analysis of Data, San Joaguin-Tulare Basins, | Camomla, 1972-1990
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Figure 8, Agricultural diversions from lower San Joaquin River, g;hfomla.

lower San Joaqum River area (see fig, 10 ) for area). shown in fiure 11 for 1965, 1970, 1975, 1980, and
Estimated fertilizer application is based on total 1985 (Alexander and Smith, 1990). Applications
fertilizer sales in California, distributed to the county increased steadily from 1965 to 1980 and decreased in
level by fertilized acreage in each county (Alexander 1985, This pattern reflects the overall acreage in
- and Smith, 1990). The estimated nitrogen and production during this time within the study unit
phosphorus fertilizer applications in each county are i

(California Department of Water Resources, 1987b)
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“The intensive agriculture in the San Joaquin 1990). Fresno, Kern, Kings, and Tulare Counties rank
Valley relies on relatively high applications of nitrogen 1 through 4, respectively, in nitrogen applications in
and phosphorus fertilizers. The estimated amountsof 1985, and San Joaquin and Merced Counties rank 6 and

fertilizer application shown in figure 11 rank high 13, respectively (see fig. 1 for county locations). Fresno
among countics in the natlof_ (Alexander and Sm.lth’ and Kern Counties rank 1 and 2, respectively, in
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‘phosphorus applications in 1985, and Kings, Tulare,
San Joaquin, and Merced Counties rank 7, 8, 13, and
27, respectively.

In 1987, manure produced in the study unit

contained approximately 137,000 tons of nitrogen and

. PRELIMINARY

SUBJECT TO REVISION
EXPLANATION
Mean annual discharge, in
cubic feet per second
A A Lessthani
OA 1-5
U A 5-25
v A Greater than 25
—— = = Study unlt boundary

30,000 tons of phosphorus (R.B. Alexander, U.S.
Geological Survey, written commun., 1992). The
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
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Figure 11, Estimated,applications of nitrogen and phosphorus in San Joaquin-Tulare Basins, California, study unit, by county,
1965-1985. A
estimates of fertilizer application, these county manure  counties had 217,000, 118,000, and 115,000 milk
- production quantities rank only 45, 47, 49, and 52, cows, respectively (U.S. Department of Agriculture
respectively, in the nation. and California Department of Food and Agriculture,

Information on the areal distribution of dairies in 1991). Waste-discharge regulations for dairies
the study unit was provided by the California Regional  generally permit discharges to surface water only
- Water Quality Control Board (CRWQCB). The = during large storms. However, several unauthorized
heaviest concentrations of dairies'are in Tulare, - ° discharges are known to occur in the study unit, and the
Stanislaus, and Merced Counties. In 1991, these three ~ CRWQCB has identified several suspect waterways
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Figure 12. Total acres with subsurface agricultural drains in
the Grasslands area, San Joaquin Valley, California,
19850--1991.

(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
(fig212) to relieve areas with shallow, saline water
tables and to allow for continued agricultural
productivity. The subsurface drainwater contains high
levels of nitrates from either fertilizer applications or 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
return flows) and operational spills of surface water

only, 3 are subsurface agricultural drainage only, and
14 are a combination of the above. Mean irrigation
season discharge is greater than 25 ft3/s in five dis-
charges: Salt Slough, Mud Slough, Orestimba Creek,
Hospital/Ingram Creeks, and Spanish Grant Drain.
Except for Orestimba Creek, which is entirely surface
drainage, these discharges are a combination of surface
and subsurface agricultural drainage. During summer
low-flow periods, these agricultural discharges account
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 developed to report the condition of the

state’s water and to satisfy EPA reporting require-

ments (California State Water Resources Control
Board, 1990). In this assessment, the state classifies the
water quality of the water 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 beneficial 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 as impaired if they were not
reasonably expected to attain or maintain applicable
water quality standards for beneficial uses based 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) aquatic community is known to contain toxic sub-
stances in concentrations hazardous to human health,
(5) aquatic 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 a specified criterion
or objective (California State Water Resources Control
Board, 1990). The unknown designation is given to
water bodies with inadequate data. _
Water quality was designated as intermediate in
927 miles (mi) of 20 streams and 56,143 acres of 19
lakes in the study unit. The state also designated 362 mi
of 13 streams in the study unit as impaired water bodies
(fig. 14) (California State Water Resources Control
Board, 1990). Parts of several water bodies in the study
unit are impaired. These include the Kings, San
Joaquin, Merced, Tuolumne, Stanislaus, and
Mokelumne Rivers, Salt and Mud Sloughs, Orestimba
Creek, and 8,224 acres of the Grasslands (fig. 14).

18 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972~1990
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Figure 13. Agricultural discharges to lower San Joaquin River system, Califomia.

Environmental Settings

To describe water quality in terms of land
effects, the study unit was divided into relatively
homogeneous subunits on the basis of hydxology,
physiography, and geomorphology (_ﬁé"= 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,
‘SanJoaquin Valley, and Sierra Nevada. The valley area
-is analyzed in greatest detail in this report because most
of the population and agriculture, and therefore, water
use and activities affecting water quality, are located
there. Most studies will be done in the valley of the San
Joaquin Basin, specifically in the perennial reach of the
San Joaquin River because (1) the perennial San
Environmental Framework for Water Quality Assessment 19
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Figure 14. Impaired water bodiés in San Joagquin-Tulare Basins, Califomia, study unt.
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Figure 15. Environmental settings in San Joaquin-Tulare Basins, California, study un'ﬁﬁ) Environmental settingsg®~

(B) Locations of environmental settings.

Joaquin River is the 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 Joaquin Valley can be divided into the
areas west and east of the valley trough, or depositional
axis. The west 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 alluvial fans are dominated by sediments
derived from the Coast Ranges. The sediments in 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
deposits in 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

wn

soils derived from them results in 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 them contain high concentrations of
trace elements, various nitrogen-containing
compounds, and soluble salts including 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 Vernalis (figs. 1
and 10). Most discussion of water quality in this report,
including nitrate trends for 1951-1990, will focus on
this drainage area of 6,948 miZ. 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 acres in the lower San
Joaquin Basin were irrigated with local surface and

Lower San Joaéuin River Basin, 1951-1990 21
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Figure 15, Continued.
ground water (table 2). Irrigated acreage increased to return flow recovery systems, laser leveling, and other
about 1-million acres by 1970 and has remained practices. Although no data are available back to 1951,
essentially at that level. Irrigation has become more we assume that increases in surface return flows due to
efficient since 1951 with increasing use of surface increased irrigated acreage were offset by decreases in

22  Water Quality Assessment and Analysls of Data, San Joaqulh—Tularo Basins, California, 1972-1990
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Table 2. Factors affecting nutrient concentrations in the lower San Joaquin River Basin, California, 1950, 1970, and 1990

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

Factor 1950 1870 1990
Population ~215,000 ~350,000 623,000
Total reservoir storage! 0.5 million acre-ft 2.0 million acre-ft 6.6 million acre-ft
Irrigated acreage? 800,000 acres 1,000,000 acres ~1,000,000 acres

Sources of irrigation water San Joaguin, Merced, Tuolumne,

and Stanislaus Rivers; ground

water
Fetilizer application® -

Nitrogen 8,500 tons/yr

Phosphorus 1,900 tons/yr
Manure production*

Nitrogen 39,900 tons/yr

Phosphorus 10,200 tons/yr
Wastewater treatment plant ~16 ft’fs

disc; e@ ¥

harg (’b\u‘\l" ;B“‘
5iT™

Subsurface agnculnnal none

dramage 7

San Joaquin, Merced, Tuolumne,
and Stanislaus Rivers; Delta—
Mendota Canal; ground water

San Joaquin, Merced, Tuolumne,
and Stanislaus Rivers; Delta~
Mendota Canal; ground water

33,900 tons/yr

50,900 tons/yr
5,200 tons/yr 7,300 tons/yr
47,300 tons/yr 65,600 tons/yr
12,700 tons/yr 16,900 tons/yr
~43 s ~58 ft’/s
~47 s ~66 ft3/s

!From 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.

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

7Assuming 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, California Regional Water Quality Control Board, Central Valley Region, written commun., 1992) and other reaches of the San

Joaqum River (Kratzer and others, 1987).

surface return flows due to increased irrigation
efficiency and that surface return flows did not increase
between 1951 and 1990.

In 1950, no subsurface agricultural drainage was
being discharged to the lower San Joaquin River. By
1990, the potential subsurface drainage reaching the
river was about 66 ft2/s (table 2). Until 1985, much of
this potential discharge to the river was used to flood
waterfowl areas in the Grasslands (fig. 10) before being
released to the river, and some nutrients were taken up
by aquatic plants in the waterfowl areas. Since 1985,
virtually all of the subsurface drainage water has been
discharged directly to the river due to concerns over the
accumulation of trace elements (especially selenium)
in the waterfowl areas.

On the basis of information in NPDES files, thé

plants to the lower San Joaquin River more than tripled
from 1950 to 1990 (table 2). Although irrigated acreage
increased 25 percent from 1950 to 1990, fertilizer
application increased by about 500 percent for nitrogen
and 2835 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 unaccounted-for loads. Approximate concentrations
of nitrate, ammonia, onhophosphate and total
phosphorus are given in Tabl&:3 for dairy runoff,
wastewater treatment plant effluent, tailwater runoff
from fertilized fields, and subsurface agricultural

Lower San Joaquin River Basin, 1951-1990 23
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(‘a Table 3. Approximate nutrient concentrations from major sources S%WSXIQJ&EMA&'\QNB%M, California, during the
h late 1980s
5‘
utrient concentrations in milligrams per liter as nitrogen or phosphorus; —, no data} |/
Source Nitrate Ammonia Orthophosphate Total phosphorus
Dairy runoff’ 0.2 2478 — 90,4
Wastewater treatment plant efffluent? 34 154 28 'y
v
Tailwater (surface return flow)? 68 0.1 0.2 0.4
Subsurface agricultural drainage? 258 0.2 0.05 0.1

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).

2Flow-weighted averages of median concentrations from city of Turlock (Central Valley Regional Water Quality Control Board,
unpublished National Pollutant Discharge Elimination System files, 1991) for ammonia (calendar year 1991) and city of Modesto
unpublished monitoring data (John Amstutz, Modesto Public Works Department, written commun., 1994) for all nutrients (water years

" 1987 and 1989).

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

“Based on California Department of Water Resources (1975).

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 conversion of ammonia to nitrate and a
reduction in phosphorus levels. Median ammonia
concentrations in the Modesto discharge prior to 1990
were 10 to 20 mg/L as N; 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 as N in 1991. Median nitrate concentrations
in the Modesto discharge increased from 1 to 4 mg/L
as N prior to 1990 to about 11 mg/L as N in 1994. Prior
to 1989, median total phosphorus concentrations in the
Modesto discharge were 6 to 12 mg/L as P; after 1989
they were 1 to 2 mg/L as P. Thus, the recent
improvements in wastewater treatment in the lower
San Joaquin River Basin have resulted in the
conversion of ammonia to 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 data were entered into the STORET
database stored on NWIS at the USGS, Sacramento
office. Sources of additional data include 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 Conservatlop 4.
Service, 1989). ‘@}

QN
In addition to nutrients and suspended ‘e
sediments, retrieved parameters included strem%;g 4

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 NOs), and some parameter codes were
combined for the long-term analysis of nutrient
concentrations. Suspended sediment codes also were
combined to merge the STORET suspended solids data
with the NWIS 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
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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,
values for 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.

PRELIEINARY
SUBJECT TO REVISION

The initial database contained 120 NWIS sites
and 807 STORET sites with 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. This initial database included 13,753 nutrient
samples and 9,113 suspended sediment samples.

Several categories of sites were removed from
the initial database to create a final, screened NAWQA
database (tables 4 and 5) that would represent the
ambient surface water conditions in the study unit (in

Screening of Data

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

ISites with nutrient and/or suspended sédiment data.

-~ ~ . -

D—03996 2

Number of sites Number of samples

Agency Database Suspended 1 Suspended

Nutrients sediment Total Nutrients 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 Regional 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 ] 0 4
Modesto Imrigation 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. Geological Survey Initial 119 79 120 2449 5372
Final 82 56 . 85 1,649 4,316
Total Initial y 859 413 927 13,753 9,113
Final 369 235 432 5,457 6,217
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SGB-"EGII Jgugﬁgevr'g ’sges 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 Information System of

the U.S. Geological Survey

Removal category

Unknown Dupficate
Agency Water Agri- v:;ﬁi' L::? Urban (sites with  Duplicate " sites
supply cultural treatment reser-  runoff Inadequate between Totals
canals  drains lants voirs o location NWIS and
P descriptions) STORET
Number of sites with nutrient and(or) suspended sediment samp
Bureau of Reclamation 13 73 0 0 0 ) 2 6 1 120
California Department of 0 0 11 12 0 21 0 0 44
Health Services
California Department of Water 14 42 5 52 5 8 11 137
Resources
California Regional Water 0 0 0 0 2 64 0 67
Quality Control Board ‘
U.S. Army Corps of Engineers 0 0 14 0 0 8 0 22
U.S. Environmental Protection 0 0 0 41 0 28 1 0 70
Agency
U.S. Geological Survey 2 6 1 3 4 0 0 19 35
Totals 2 121 17 123 4 83 87 31 495
Number of nutrient samples X
Burean of Reclamation 47 791 0 0 0 211 29 0 1,078
California Department of 0 0o 2 60 0 36 0 0 125
- Health Services
20106 2529 2 159 0 5 75 326 5172
Californi Regional Water - 0 0 0 0 0 0 728 0 728
Quality Control Board

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 tréatment plant effluents and sites just
downstream of effiuent discharges, (4) lakes and
reservoirs, (5) urban runoff sites, (6) sites that have
inadequate location description, (7) duplicate sites
inbase, 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 is water that has been artificially
transported several miles from its source. Mostly DWR
data were removed, including data on several sites
along the California Aqueduct and the Delta~Mendota
Canal (fig. 14), as well as several smaller irrigation=
supply canals. The California Aqueduct and Delta—
Mendota Canal originate in the Sacramento-San
Joaquin Delta, downstream of the study unit.

The BOR and DWR have monitored many

subsurface agricultural drains and evaporation ponds in
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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 Information System of

the U.S. Geological Survey]

Removal category

{Q Waste- Unknown Duplicate
?“E\_\““ * 5}9“ Water Agrl- water Lakesand Urban (sites with  Duplicate sites
supply cultural treat-  reser- runoff inadequate sitesin  between Totals
\\%“'_c canals drains ment voirs location STORET NWIS and
S 5 L.Lds’t‘..‘v plants descriptions) STORET
T« )b == Number of sites with nutrient and(or) suspended-sediment samples
California Department of Health 0 0 11 12 0 21 0 0 44
Ju“' Services
re (X v .
S P California Department of Water 14 42 5 52 0 5 8 11 137
W\.‘J:‘ Resources
N ,
X S California Regional Water Quality 0 0 0 1 0 2 64 0 67
) G Control Board .
U.S. Army Corps of Engineers 0 0 0 14 0 0 8 0 22
E.
* U.S. Bureau of Reclamation 13 73 0 0 0 27 6 1 120
i
: 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 ,'/Jt:g}' 29 121 17 1 95
i V\ Number of nutrie: <
California Department of Health 0 0 29 ( QAL 25
Services %ﬂ
(s Ao
California Department of Water 2,106 2,529 22 1 72
Resources ' a( J / < ‘7" /@.
California Regional Water Quality 0 0 0 : T “Q,
Control Board {{p,
U.S. Amy Corps of Engineers 0 0 0 2¢ (b@ 81
U.S Burean of Reclamation 41 791 0 ZS,W> ,\/030\ o)) 78
U.S. Environmental Protection Agency 0 0 0 . 12
U.S. Geological Survey 6 _ 17 _13 1 | 9\) 00
Totals . CHoang 2219 3337 64 55 96 .
t'\“ﬂ' §¢ G__J_; Number of suspended-se .. .. ‘
California Department of Health 0 0 0 0 0 0 0 0- 0
Services
California Department of Water 383. 473 1m. 4 0 0 14 384 1,305
Resources b
California Regional Water Quality 0. 0 0 1 0 19 332 0 352
Control Board
U.S. Army Corps of Engineers 0 0 0 170 0 0 0 0 170
U.S. Bureau of Reclamation 0 5 0 0 o 2 0 0 7
U.S. Environmental Protection Agepcy 0 0 0 0 0 6 0 0 6
U.S. Geological Survey ¢ ‘/v““' 60 0 0 0 349 0 0 647 1,056
Totals i (.7 443 478 11 211 349 27 346 1,031 2,896

[ a

/

i

CA-0036 (485-07; 6440-12) PRELIMINARY—DO NOT RELEASE
5

-

Draft: August 5,1997 1
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Table 5. Number of sites and samples removed from initial database, San Joaquinwam!inubﬁsms % unit—

Continued
Removal category /
Unknown Duplicate
Agency Water Agri- wz:t:. Lak:s Urban (Sites with” Duplicate sites ‘
supply cultural trew tm r t an :; Inad te sitesin between Totals
canals drains Ta tesn resler- runo on STORET NWIS and
plan voirs  des€riptions) STORET
U.S. Army Corps of 0 0 0 281 0 0 0 281
Engineers
U.S. Environmental Protection 0 0 0 41 70 1 0 112
Agency
U.8. Geological Survey 66 17 13 396 (U 0 293 800
Totals 2,219 3,337 556 396 322 783 619 8,296
Number of suspended sediment samples
Bureau of Reclamation 0 0 1] 1] 2 0 0 7
California Department of 0 0 0 0 0 0 0 0
Health Services
California Department of Water 473 11 40 0 0 14 384 1,305
Resources ‘
California Regional Water 0 0 0 1 0 19 332 0 352
Quality Control Board
U.S. Army Corps of 0 0 0 170 0 0 0 0 170
Engineers )
U.S. Enviro 0 0 0 0 0 6 0 0 6
Us. i 60 0 0 0 349 0 0 647 1,056
Totals : 443 478 11 211 349 27 346 1,031 2,896

the study unit. These sites represent the quality of
shallow ground water in relatively small areas;
therefore, they were deleted from the initial 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 has a major 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 sites in

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 reservoirs is 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) sites and the
number of COE samples in the final database. The
removal of unidentified sites—mostly BOR, EPA,

Sources of Data 27
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sites—reduced the number of nutrient samples.

Some entries in the STORET database were
duplicates, or almost duplicates. If identical sites with
identical data were reported by different agencies, the
original data and collecting agency were kept in the
database and the duplicate data were deleted. This was
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
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 also 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 samples were removed from the
USGS list of sites and samples in the database. At sites
sampled by both DWR and USGS, but primarily by
"USGS, the DWR sites were deleted, and the DWR data
were combined with the USGS data for the site. The
best example of this is the San Joaquin River near
Vemalis site, which has an abundance of USGS data.
Of the 542 DWR nutrient samples reported for this site,
224 were duplicates and, therefore, were deleted.

The final, 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 data in the final database,
although the CRWQCB contribution of suspended
sediment data is significant.

ANALYSIS TECHNIQUES P

Statistical software programs used to analyze the
_database for this report 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 is linked with the .
ARC/INFO Geographic Information System software,
and results from PT2 can be presented graphically with
a map of an area. The PT2 program was used to show

sites with data, produce boxplots, analyze trends, and
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 alpha level of 5 percent.
To use PT2 for trend analysis at a site, (1) the data must
have spanned most of the period of analysis, and (2) for
a given seasonal frequency, the beginning and ending
portions of the record must have sufficient data so that
most of the possible number of pairwise comparisons
made in 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 tries a
bimonthly test and finally a quarterly test.

Constituent concentrations commonly are
related to streamflow, and trend tests generally 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 adjusts for
flow with a LOcally WEighted Scatterplot Smoothing
(LOWESS) technique. LOWESS is a robust smoothing
technique that describes the relationship 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 applications in this study. PT2 requires at
least 25 samples with streamflow values to adjust for
flow. If a trend test cannot be run with 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 as input data
files. These data are used to develop a relation between
streamflow and concentration for calculating loads.
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 calculated.
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The sign test was used to determine if NWIS and
STORET data pairs are significantly different. The sign
test of the STATIT program determines if x is generally
larger (or smaller, or different) than y for data pairs
(x;, y) i=1,...n. It is a fully 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’s test 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 evaluations 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 this report (1972-1990). All surface water
samples collected by DWR during the study period
were grab samples. These samples were collected from
only one point in the streamy 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,

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 a comprehensive QA/QC program. All
surface water samples collected by BOR were grab
samples. USGS review of nutrient analyses by the

PRELIBAINARY
SUBJECT TO REVISION

BOR Sacramento laboratory (M.O. Fretwell, M.J.
Fishman, and R.T. Iwatsubo, U.S. Geological Survey,

written commun., 1984) found that organic nitrogen . -
and phosphorus were digested by nonstandard proce- \rjr Q\
dures. As a result, the reported results for total nitro- v * .
gen and total phosphorus were likely to be biased low. (
After 1984, the BOR Sacramento office I
collected primarily width- and depth-integrated (LS i

samples for surface water (Bureau of Reclamation,
1993). The improvements recommended by the USGS
review resulted in a QA/QC program that included
better documentation of methods, better chain-of-
custody records for samples, and 25 percent of the total
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 depth integrated. Most USGS data evaluated 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 problems for 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 A

- an apparent positive bias (Consistently high readings
1994c), it is difficult to evalunate the QA/QC procedures

compared to standards) for water years 1980 and 1981
(Alexander and others, 1993). This positive bias affects
the reported values of orthophosphate, total phos-
phorus, ammonia, and total nitrogen. However, a com-
parison of methods used by USGS for nutrient analyses
during 1965-1982 showed no significant differences
among the methods (Friedman and Fishman, 1989).
Historical data from STORET could be biased
due to the predominance of grab samples. For reason-
ably well-mixed streams, a grab sample usually is
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sufficient for dissolved species (1\§ 8811‘ Et({"v]c;lirgndq EVIS igg final NAWQA database. Of these sites, 369 had at

R.T. Iwatsubo, U.S. Geological Survey, written
commun., 1984; Martin and others, 1992). However,
grab samples are 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,
orthophosphate, total phosphorus, and suspended
sediment at the San Joaquin River near Vemnalis site
(fig. 16). These comparisons include only data
collected within one day of each other. This is the only
site in 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 values at Vernalis was 24 mg/L.
However, for this report, the term “suspended
sediment” will be used to include suspended solids.
Biases in the NAWQA database primarily affect
use of the data for trend analyses and load calculations.
However, the bias affects boxplots of suspended
sediment concentrations. The high bias in 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 this to 432 sites in

least one sample analyzed for nutrients between 1972
and 1990, and 235 had at least one sample analyzed for
suspended sediment (fig. 17). Data analysis in this
report is limited 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 Joaquin River Basin were
primarily sampled during 1985-1988 as part of either a
USGS study (nutrients and suspended sediment) or a
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) is the outlet site for the San Joaquin Basin and, as a
USGS National Stream Quality Accounting Network
(NASQAN) site, has been sampled frequently. It is a
combined NWIS and STORET site, but because of its
wealth of NWIS suspended sediment data is consid-
ered to be a NWIS site for this report. At the Vernalis
site, 558 nutrient samples (43 percent from NWIS) and
3,518 suspended sediment samples (91 percent from
NWIS) were taken 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.

Atthe 49 long-term sites (fig. 18), 3,397 samples
were analyzed for nutrients (60 percent from STORET)
and 5,089 samples for suspended sediments (81 per-
cent from NWIS). Excluding samples from the San
Joaquin River near Vernalis site, these percentages
change (61 percent STORET samples for nutrients and
58 percent NWIS samples for suspended sediment).

...The 360 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 samples is 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
Joaquin River category. The reservoirs subcategory
includes sites in the Sierra Nevada foothills just
downstream from major reservoirs. The San Joaquin
River sites integrate the valley east side and west side
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Figure 16. Comparison of National Water Information System (NWIS) of the U.S. Geological Survey and STOrage and
RETrieval (STORET) database of the U.S. Environmental Protection Agency for San Joaquin River near Vernalis, California,
1972-1990. The null hypothesis |s/ the median of NWIS data equals the median of STORET data.
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Figure 18. Long-term water quality monitoring sites il San Joaquin—Tulare Basins, California, study unit. National Water
Information System (NWIS) of the U.S. Geologlcal Survey; STOrage and RETrieval (STORET) daiabase ofthe U.S,
Environmental Protection Agency.
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Table 6. Site and basin characteristibs of long-term stream water quality sampling sites, San Joaquin-Tulare Basins, California,
study unit S

[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 numbers refer to frequently sampled sites along a major 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; mi?, square mile. See figs. 6, 15 and 18]

()
Site Altitude Dralnaaga Major land use

Environmental Collecting
Site name (site ID Anderson
No. ( ) ® e setting ( Level If) agency®
. Tulare Basin
1 Kem River at Kemnville (11187000) 2,622 1,009 Sierra Nevada Forest—evergreen USGS, DWR
2 Kem River below Isabella Dam 2,435 2,074 Sierra Nevada/reservoirs Forest—evergreen DWR, COE
(353830118284801)
3 Kem River near Bakersfield 581 2,406 Sierra Nevada/reservoirs Forest—evergreen DWR
(352636118513001) -
4 Kings River below North Fork, near 942 1,342 Sierra Nevada Forest—evergreen USGS, DWR,
Trimmer (11218500) COE
5 Kings River below Pine Flat Dam 557 1,545 Sierra Nevada/reservoirs Forest—evergreen DWR, COE
(364948119200601) )
6 Kings River below Peoples Weir 279 1,742 SanJoaquin Valley, east Agriculture—orchards DWR, USGS
(362912119321201) side/alluvial - and vineyards
7 Tule River near Springville 680 247 Sierra Nevada Forest—evergreen DWR, COE
(360542118501201) .
8 Tule River below Success Dam 536 393 Sierra Nevada/reservoirs Forest—evergreen ﬁWR, COE,
(360324118552401) _ - USGS
9 Kaweah River at Three Rivers 810 418 Sierra Nevada Forest—evergreen DWR, COE
(362636118540601)
10 Kaweah River below Terminus Dam 495 561 Sierra Nevada/reservoirs Forest—evergreen DWR, USGS
(362448119004201) . . ‘
San Jeaquin Basin
11 San Joaquin River south fork at Mono Hot 6,949 184 Sierra Nevada Forest—evergreen DWR, USGS
Springs (371830118574201) .
12 San Joaquin River below Kerckhoff 564 1,480 Sierra Nevada Forest-—-evergreeg DWR, USGS
Powerhouse (370445119333601)
13 San Joaquin River below Friant Dam 295 1,6767 Sierra Nevada/reservoirs Forest—evergreen - DWR
(365900119432401) : ’ ‘
14 San Joaguin River near Mendota 150 3 G  Agriculture—cropland  DWR, USGS
- (364836120223601) - and pasture .
15 Fresno River below Hidden Dam 384 258 Sierra Nevada/reservoirs Forest—evergreen DWR, COE
(370548119532401)
16 San Joaquin River near Stevinson 63 4800 San Joa-quin River Agriculture—cropland USGS, DWR,

(11260815) ' S . integrator site and pasture BOR

Description of Avallable Data 35
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Table 6. Site and basin characteristics of long-term stream water quality sampling sites, San Joaquin-Tulare Basins,
Califomia, study unit—Continued 4
Drainage Major land use’
i’;‘ Site name (site D) Am::"" area Env'::;;:mml (Anderson c°"°c:';29
i ®  (me 9 Level If) agen
17 Panoche Drain near Dos Palos 141 366 San Joaquin Valley, west Agriculture—cropland DWR
(365524120411802) side/alluvial and pasture
18 Camp 13 Slough near Oro Loma 131 %9  San Joaquin Valley, west Agriculture—cropland DWR
(365630120451802) sidefalluvial and pasture .
19 Salt Slough near Stevinson (11261100) 65 7475 San Joaquin Valley, west  Agriculture—cropland USGS, DWR,
: side/alluvial and pasture BOR
20 San Joaguin River at Fremont Ford Bridge 56 41,02 San Joaguin River Agriculture—cropland DWR, USGS,
(371836120554204) 5  integrator site and pasture BOR
21 ‘Mud Slough near Gustine (11262900) 72 7475  San Joaquin Valléy, west  Agriculture—cropland USGS, BOR
. side/alluvial and pasture
22 Merced River at Happy Isles Bridge 4,020 181 Sierra Nevada Forest—evergreen USGS, DWR
(11264500)
23 Merced River near Briceburg (11268200) 1,194 691 Sierra Nevada Forest—evergreen USGS, DWR
24 Merced River below Merced Falls 310 1,061 Sierra Nevada/reservoirs Forest—evergreen DWR, USGS
(373115120195501)
25 Merced River at Milliken Bridge 63 1,250 San Joaquin Valley, east  Agriculture—orchards DWR, US&:‘S
(372142120510001) side integrator site and vineyards
26 Merced River near Stevinson (11272500) 55 1,273 SanJoaguin Valley, east  Agriculture—orchards USGS
side integrator site and vineyards
27 San Joaquin River near Newman 49 %293 SanJoaguin River Agriculture—cropland USGS
(11274000) 2  integrator site and pasture
28 Orestimba Creek at Highway 33 105 811 San Joaquin Valley, west Agriculture—cropland DWR, USGS
(372236121032401) side/alluvial and pasture
29 Orestimba Creek at River Road 50 815 San Joaquin Valley, west Agriculture—cropland CRWQCB
(372520121000901) side/alluvial and pasture
30 Spanish Grant Combined Drain 45 823  San Joaquin Valley, west  Agricuiture—cropland CRWQCB -
(372608121015901) side/alluvial and pasture
31 San Joaquin River near Patterson 35 43,17 San Joaquin River Agriculture—cropland USGS, DWR
(11274570) 2  integrator site and pasture
32 Olive Avenue Drain (373027121051501) 40 7 SanJoaguin Valley, west Agriculture—orchards CRWQCB
side/alluvial and vineyards
33 Del Puerto Creek at Vineyard Road 88 10 San Joaquin Valley, west Agxicuiturc—orchards CRWQCB
(373220121072201) side/alluvial and vineyards
34 San Joaquin River near Grayson 25 43,60 SanJoaquin River Agriculture—cropland DWR
(373348121090601) . 0 integrator site and pasture
35 Grayson Road Drain (373343121102701) 40 4  San Joaquin Valley, west Agriculture—cropland CRWQCB
: . side/alluvial and pasture
36 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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Table 6. Srte and basin characteristics of long-term stream water quality s§r§é}$ﬁjg es, gaﬁgwﬂg tﬂulare Basins,
California, study unit—Continued

Site

Drainage

Major land use!

Attitude Environmental Collecting
Site name (site ID Anderson
No. (stte D) ®w o setting fprors agency?
36 Tuolumne River at Tuolumne Meadows 8,700 75 Sierra Nevada Forest—evergreen DWR
(375242120173601)
37 Tuolumne River at LaGrange Bridge 170 1,538 Sierra Nevada/reservoirs Forest—evergreen DWR, USGS
(374000120274201)
. 38 Tuolumne River at Modesto (11290000) 40 1,884 San Joaquin Valley, east  Agriculture—orchards USGS .
side integrator site and vineyards
39 Tuolumne River at Tuolumne City 28 1,896 SanJoaquin Valley, east ~Agriculture—orchards DWR, USGS
(373612121080001) side integrator site and vineyards
" 40 Ingram Creek at River Road 52 811 San Joaquin Valley, west Agﬁculmm—c}opland 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 5,81 SanJoaquin River " Agriculture—cropland  USGS, DWR
(11290500) 2 integrator site and pasture
43 Stanislaus River Middle Fork at 6,326 48 Sierra Nevada Forest—evergreen DWR, USGS
Dardanelle (382030119492401) ‘
44 Stanislaus River below Goodwin Dam 253 986 Sierra Nevada/reservoirs  Forest—evergreen DWR
(375106120381201)
45 Stanislaus River at Ripon (113030000) 40 1,075 SanJoaquin Valley, east Agriculture—orchards USGS
side integrator site and vineyards
46 Stanislaus River at Koetitz Ranch 25 1,100 San Joaquin Valley, east ~ Agriculture—orchards DWR, USGS
(374200121101201) " side integrator site and vineyards
47 San Joaquin River near Vernalis 13 4,94 SanJoaguin River Agriculture—cropland USGS, DWR
(11303500) 8  integrator site and pasture
48 Mokelumne River near Mokelumne Hill 585 544 Sierra Nevada Forest—evergreen DWR
(381846120430901)
49 Mokelumne River at Woodbridge 15 661 SanJoaguin Valley, east Agriculture—orchards USGS, DWR'
(11325500) side integrator site and vineyards

! This is the major land use affecting water quality at the site (for example, at site 25, more than 1,000 of the 1,250 mi? drainage area is
forest land, but the major land use affecting water quality is agnculture) (Anderson and others, 1976).
2 Listed in order of importance (number of samples). If USGS is listéd 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 Joaguin Delta, more than 100 mi to the north, through the Delta-
Mendota Canal..

4 The perennial stretch of the San Joaquin River begins with the inflow from Bear Creek just upstream of the Stevinson site. The drainage
area for the San Joaquin River near Stevinson site is 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 Area of the combined Salt Slongh and Mud Slough drainages, whlch are interconnected. Drainage can go either way.

® Drainage area in 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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Figure 20. Nutrient samples and sampling sites ;oZenvironmental settings in San Joaquin-Tulare Basins, California, study unit.

See figure 15 for environmental settings.

environmental settings. The Sierra Nevada, including
the Sierra Nevada reservoirs category from both
basins, accounts for SO 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 sites and
21 percent of the samples. Alluvial fans in 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 sedlment data are
spaual coverage provxded by the 56 NWIS sites,
particularly in the Sierra Nevada part of the Tulare
Basin. The distribution of the 235 sites and 6,217

“samples is shown in'Tigare-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 sites and 13 *
percent of the samples are from the Sierra Nevada
(including the Sxerra Nevada reservoirs category)

Alluvial fans in the San Joaquin Basin account for 34
percent of the sites and 19 percent of the samples.

The 34 long-term STORET sites (fig. 18)
improve the spatial coverage provided by the 15 NWIS
sites, particularly in the Sierra Nevada portion of the
Tulare Basin and along the upper San Joaquin River.
The environmental setting distribution of nutrient and
suspended sediment samples at the 49 long-term sites
is shown in figiire 2 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 alluvial fans in 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 Nevada and 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

Description of Avallable Data 39
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S

shown in figuiré 24. Although irrigation in the study
unit generally begins in March, there frequently are
significant storms in 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 generally 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.

Streamflow at Time of Water Quality Sampling

Itis important to know the streamflow at the time
of water quality sampling and how it compares to long-
term streamflow. An even distribution of sampling
across streamflow regimes is important to represent
constituent concentrations adequately and for calcu-
lating loads. Concentrations of dissolved nutrients
(nitrate, ammonia, and orthophosphate) are typically

All Valley

PRELIFEIHARY -

SUBJECT TO REVISION
higher at low streamflows, and sampling that is biased
towards low streamflows would produce mean nutrient
concentrations that may be biased high. Also,
suspended sediment concentrations are typically lower
at Jow streamflows, and this biased sampling may
produce mean suspended sediment concentrations that
are biased low. For load calculations, it is especially
important to have sufficient samples at high
streamflows because most of the annual load is
transported at high streamflows.

To evaluate the NAWQA database for possible
bias with regard to streamflows at time of sampling, we
chose 8 of the 49 long-term monitoring sites as
representative. These eight sites include three Sierra
Nevada sites, three San Joaguin Valley sites (one west
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. The first 10 percent of
streamflow (0 to 10) represents the lowest 10 percent of
streamflows during the given time period. For evenly
distributed, unbiased sampling, 10 percent of the
samples would be collected during each 10 percent of
streamflow.

The main concern is possible bias in sampling at
the extremes of streamflow (0~10 and 91-100 percent)
(figs. 25 and 26). For nutrients, there is a slight bias
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 streamflows at the Tule River
below Success Dam (site 8), and an abundance of

“sampling at the lowest streamflows at the Mokelumne

River at Woodbridge (site 49). For suspended sedi-
ments, there were no samples at the lowest streamflows
at the Tule River below Success Dam (site 8, fig. 18),
and an abundance of samples at high streamflows at the
San Joaquin River near Newman (site 27). For the
3,471 suspended sediment samples 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, statistics for 1973-1982 dominated the sum-
mary for the study period and included the lowest
streamflow period (1977), but missed the highest

42 Water Quality Assessment ahd Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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Figure 26. Percent of streamilow associated with suspended sediment samples collected at selected sites in San Joaquin-
Tulare Basins, California, 3tudy unit. See figure 18 for site locations.
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streamflow period (1983). This explains the bias seen

in figure 26 at the Vernalis site. This bias is 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
is fairly well distributed across the streamflow regime,
and the resulting database probably is representative of
concentrations at these sites. Samples collected 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 sediment samples (29 percent
if the Vernalis site is excluded). As with most of the
long-term monitoring sites, these eight sites are
generally sampled on a regular monthly or quarterly
schedule, which results in collection of samples that
represent the overall streamflow regime at these sites.

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 19721990 (fig. 27). The environmental
settings considered are San J oaquin Valley west and
east sides and Sierra Nevada (fig. 15B). Discussion of
the Coast Ranges environmental setting is not possible
due to insufficient data. The range of letters from
Tukey’s test on ranks by environmental setting is given
in @bl€ 7"and on boxplots in figure 27. Boxplots are
useful to compare groups of data visually. The boxplots
produced by PT?2 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 a log scale of concentration on the
y-axis. Likewise, the streamflow values in the PT2
plots of constituent concentration versus streamflow
are plotted on a log scale. Boxplots with a common
letter are not significantly different at a 0.05 alpha level
based on Tukey’s test on ranks (Helsel and Hirsch,
1992). Although only selected long-term sites are
shown in figure 27, the Tukey’s test results (table 7) are

PRELIFINARY
SUBJECT 70 REVISION
based on all long-term sites with sufficient data,
including mainstem San Joaquin River sites.

The valley west side sites include two agricul-
tural drains (Panoche Drain near Dos Palos [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 sites include the three major tributaries
to the lower San Joaquin River (Merced River near
Stevinson [site 26], Tuolumne River at Modesto [site
38], and Stanislaus River at Ripon [site 45)), the
Mokelumne River at Woodbridge (site 49), and one site
from the Tulare Basin (Kings River below Peoples
Weir [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). This is 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.

In the 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 agricul-
tural drains (Brown, 1975). Most exceed the EPA
maximum contaminant level for drinking water of
10 mg/L as N (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 samples that were biased low (fig. 16F), whereas
all east side values were from width- and
depth-integrated samples.
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Figure 27. Nutrient and suspended sediment concentrations at long-term water quality momtonng 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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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 letter are not significantly different at the
95-percent confidence level. A refers to highest concentrations; M
to lowest conccmrauons (see figs. 27-29)]

Environmental setting
Constituent San San
n e Joaquin Joaquin  Slerra
Valley Jc;:‘c';::n Valley Nevada
west side . east 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-I I'L
Orthophosphate B-E A-C D-1 E-1
Total phosphorus A-D A-D E-H . Gl
Suspended A-D C-F F-G F-G
sediment .
Suspended AC A-E D-H H
sediment size

Nutrient and suspended sediment concen-
trations are low 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 sites is a function of altitude:
higher altitude sites generally have lower concentra-
tions of nutrients and suspended sediment due to less
disturbance in the drainage basin. Despite the rela-
tively low concentrations of nutrients and suspended
sediment at Sierra Nevada sites, not all sites are signi-
ficantly lower than valley east side sites (table 7). The
source of water for valley east side sites is 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 the valley 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. This is the 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 sites is 96 percent (fig.
~28 For the San Joaquin River sites, this median is 92
perccnt. For valley east side sites, the median is 80
percent, and for the Sierra Nevada sites it is 54 percent.
This suggests that most of the suspended sediment in
the 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
(Xratzer 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
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 sediment concentra-
tions along the mainstem San Joaquin River and its
most significant inputs affecting the concentrations are
shown in figure 29. For all 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 tributaries is not as great as would be expected
from mass balance calculations 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 drainage input 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 (fig. 294 and C). This pattern
is similar for other constituents in 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
shown in figure 29B. This is partly due to the Turlock
wastewater treatment plant discharge to 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 8.2 mg/L.asN and a
mean flow of 13.2 ft/s (based on NPDES

438 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-19%0
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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.

self-monitoring data) (California Regional Water
Quality Control Board, written commun., 1993).

The concentration pattern of the phosphorus
species (fig. 29D and E) in the mainstem San Joaquin
River is similar to that of the nitrogen species (fig.
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 is a combination 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 as the levels
entering from the west side sloughs. There also appears
to be a significant source of phosphorus to the
mainstem San Joaquin River between Newman (site
27) and Patterson (site 31) that is not shown in figure
29D and E, probably due to discharges from the

~ Turlock wastewater treatment plant and dairies.

The pattern of suspended sediment concentra-
tions in the mainstem San Joaquin River (fig. 29F) also
is similar to nitrogen concentrations. One difference is
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 lowérs

the concentrations from Maze Road to Vernalis (sites
42 and 47). This is 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 sites in figure 29F. The median
suspended sediment concentrations in these seven west
side agricultural discharges rangé from 134 to 790
mg/L, compared to San Joaquin River concentrations
of 78 to 100 mg/L in this area. The locations of other
agricultural discharges are shown in figure 13.

It should be noted that the values shown in 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. As the values for the
grab samples are systematically lower than the
integrated samples, the effect of the agricultural drains
is even greater than shown.

e

Relation to National Conditions

" The USGS 1990-1991 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,
a national average boxplot is presented for

Description of Constituent Concentrations by Environmental Setting 49

D—039985

D-039987



PRELIIRARY
SUBJECT TO REVISION

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]

H
i
3
£
1
H

Nitrogen ‘
Site Specific Hardness,  Nitrate, ' Nitrogen
Oxygen, ammonia, '
No. conduct- total, dissolved, Kjeldaht,
(fig. Site name ance PH dl(s': :;{;d as CaCO; as N dh::’;ed’ total, as N
18) - (uS/cm) (mg/L) (mgh) (mg/) (mg/L)
1 Kern River at Kernville 109 75 10.3 34 0.10 0.02 0.21
12 124 121 110 104 63 104
2 Kem River below Isabella Dam 111 74 10.0 33 0.10 0.05 0.30
33 40 37 ‘ 53 53 u 8
3 Kern River near Bakersfield 126 7.6 10.0 - 36 <0.10 —_ 0.30
: ’ 47 56 53 47 46 — 29
4 Kings River below North Fork, near 43 12 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 —_
I3 26 14 33 35 13 —
6 Kings River below Peoples Weir 67 7.2 9.9 23 015 0.02 0.20
50 66 63 48 58 13 33
’ 7 Tule River near Springville " 296 81 107 100 <0.10 0.02 023"
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 Kaweah River at Three Rivers 81 74 10.1 29 <010 003 020
j ’ 21 27 27 41 42 13 9
' 10 Kaweah River below Terminus Dam 82 13 10.1 33 <0.10 —_ 0.30
; 34 50 46 41 46 — 17
{ 11 San Joaquin River south fork at 27 72 88 7 <0.10 - 0.10
Mono Hot Springs 28 40 36 27 32 — 24
12 San Joaquin River below Kerckhoff 30 71 10.6 7 <0.10 0.02 0.14
Powerhouse 48 68 61 42 54 7 38"
13 San Joaquin River below Friant 48 . 70 . 11.2 14 <0.10 — 0.23
Dam : 43 51 47 43 30 — 10
. 7o
14 San Joaquin River near Mendota 492 17 9.7 110 0.52 0.01 0.50
58 72 68 58 50 10 28
15 Fresno River below Hidden Dam 155 73 9.2 40 0.14 - 0.06 —_—
‘ 22 24 2] 33 30 9 —
16 San Joaquin River near Stevinson © 590 8.0 90 130 0.20 0.05 1.2
‘ 92 . 109 72 .68 97 52 70
i 17 Panoche Drain near. Dos Palos 3,300 79 — 800 19.2 0.26 1.3
: ' 73 95 .- 62 75 1 23

50  Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990

D—039986
D-039988



PRELIMINARY
SURIECT TO REVISION.

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

cqd &
. “‘0(‘ wIt
N (
Phosphorus,
sr‘::f Nitrogen, Phosphorus, dissolved, g:gr:;';' Chiorophyll ss:sd;:::’":a Sediment,
(ﬂg. Site name total, as N total,asP  ortho- total ' o) (percent suspended v
’ (mg/L) (mgl)  phosphate, (mgn.)
18) as P (mg/L) (mgfl.) <0.062 mm)
1 Kem River at Kernville 0.26 0.02 0.01 2.0 — 60 5
105 110 68 17 — 52 111
2 Kemn River below Isabella Dam 0.70 0.04 0.02 — -~ -~ 1
7 21 36 —_ — —_ 22
, 3 Kem River near Bakersfield 0.34 0.04 0.02 32 — - 6
. 29 43 39 12 — — ‘ 14
4 Kings River below North Fork, near  0.35 001 0.01 17 - 61 2
Trimmer 85 107 84 19 - 51 95
5 Kings River below Pine Flat Dam —_ — 0.01 —_ —_— — 1
—_ — 19 — — — 26
6 Kings River below Peoples Weir 0.39 0.04 0.02 2.5 — — 5
33 49 39 11 —_ — 12
7 Tule Rivernear Springville - 031  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 b3 19 — —_ — 19
10 Kaweah River below Terminus Dam  0.41 0.02 0.01 —_ — —_— —_—
17 - 31 4 - — — —
11 San Joaquin River south fork at 0.11 001 - 0.01 1.2 —_ _ —
Mono Hot Springs 25 24 14 9 — — —
12 San Joaquin River below Kerckhoff  0.19 0.01 . 0.01 15 — —_ ‘ 2
Powerhouse 39 - 44 . 25 2 . — — 11
13 San Joaquin River below Friant 032 0.05 003  — - - 6
Dam u - 26 24 — — —_ 7
‘ P | .
14 San Joaquin River near Mendota 095 015" 7 o008 48 — — 51
28 2 42 14 — — 18
15 Fresno River below Hidden Dam —_ ©0.08 ' 0.04 —_ — — ' 6
— 9 14 —_ — — - 13
16 San Joaquin River near Stevinson 14 028 013 80 . 14 91 48
70 86 . 81 40 41 45 49
. I7 Panoche DrainnearDosPalos. 196 . 025 0.05 88 — - 136
So23 43 27 22 — — 43
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit—Continued

' Nitrogen
Site Specific Hardness, Nitrate, ' Nitrogen
Oxygen, ammonia '
No. conduct- total, dissolved, ' Kjeldahl,
(fig. Shte name ance PH dl(s'::;gd as CaCO, asN dls::lxed, total, as N
18) (uS/cm) (Moh) (mgy) R (mon)
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 Salt Slough near Stevinson 1,750 1.7 7.6 - 380 29 ’ 0.12 1.3
191 228 191 146 148 81 104
20 San Joaquin River at Fremont Ford 1,370 7.8 8.7 290 1.3 0.07 1.2
Bridge 188 233 200 137 161 75 15
21 Mud Slough-near Gustine 2,550 8.1 9.0 520 22 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 13
23 Merced River near Briceberg 43 7.2 104 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 — _ 011
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 84 56 .13 0.04 0.50
60 60 56 57 57 53 57
27 San Joaguin River near Newman 1,190 8.0 9.2 240 20 0.08 1.0
57 57 31 55 54 54 53
28 Orestimba Creek at Highway 33 627 8.1 9.3 190 1.5 — —_
34 58 54 14 16 — —
29 Orestimba Creek at River Road — - — —_ —_ — —
30 Spanish Grant Combined Drain —_ —_ — — — —_ —
31 SanJoaguin River near Patterson - 1210 .~ 7.8 8.4 260 2.1 0.22 12
01 131 127 80 81 51 65
32 Olive Avenue Drain — —_ — - - — —
33 Del Puerto Creek at Vineyard Road . — — — S~ — — —_
34 SanJoaquin Rivernear Grayson 1,020 7.7 8.4 220 2.0 — 1.5
T e “53 85 82 31 32 —_ 13
52
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit—Continued

%
Phosphorus,
Stte Nitrogen, Phosphorus, dissoived, Coroare ( chioroohyil :fs‘"":&“:"’ Sediment,
* Shie name total,as N total, as P ortho- org ' Py pe! suspended
e (mgl)  (mgl) phosphats, (o) (AL (PSR imgn)
as P (mglL) ‘
18 Camp 13 Slough near Oro Loma 10.7 0.19 0.04 7.5 —_— —_— 117
32 50 34 30 —_ — 38
19 Salt Slough near Stevinson 44 027 0.1 8.9 7.8 95 144
104 119 118 71 43 50 66
20 San Joaguin River at Fremont Ford 2.6 0.28 0.11 " 81 11 94 95
Bridge 115 130 126 60 49 46 88
21 Mud Slough near Gustine 42 0.29 1013 11 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 at 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 Joaquin River near Newman 3.1 0.26 0.13 6.8 9.7 91 103
53 54 55 41 50 45 45
28 Orestimba Creek at Highway 33 —_ 020 0.08 — — —_ —_
— 15 1“4 — - — —
29 Orestimba Creek at River Road — - - — —_ — 261
—_ — — — —_ — 24
30 Spanish Grant Combined Drain — e — — — — 154
_ — - — _ _ 15
31 San Joaquin River near Patterson 3.4 038~ 021 7.4 11 97 79
65 79 79 42 49 47 53
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
L 13 . 26 26 - - - 10
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Table 8. Water quality data for long-term sites, San Joaquin-Tulare Basins, California, study unit—Continued

. . Nitrogen
Site Specific Hardness, Nitrate, ' Nitrogen,
No. Site name conduct- H d?::c?lsg,d total, dissolved, :{:2?:;3’ Kjeldahl,
(fig. ance P (mg/L) as CaCO, as N as N ' total,as N
18) (nS/cm) (mglL) (mg/L) (mglL) (mglt)
35 Grayson Road Drain —_ — — — — — —
— — — - —_— — —_—
36 Tuolumne River at Tuolumne — 7.3 9.2 5 <0.10 — —_
Meadows . — 6 34 28 30 — —
37 Tuolumne River at LaGrange 42 7.0 10.2 18 <0.10 — 0.10
Bridge 44 81 77 43 74 —_— 26
38 Tuolumne River at Modesto 171 7.5 10.0 53 0.60 0.05 0.10 .
51 51 49 50 50 50 50
39 Tuolumne River at Tuolumne City 269 73 9.3 75 0.76 0.02 0.50
' 69 127 127 50 77 19 50
40 Ingram Creek at River Road — —_ — - — — 0.32
— — — —_ — — 53
41 Hospital Creek at River Road — —_ —_ — — — —
42 San Joaquin River at Maze Road 878 7.8 8.4 190 1.8 0.13 —
106 139 136 84 88 55 . —_
43 Stanislaus River Middle Fork at 44 73 9.7 18 <0.10 — 1.3
Dardanelle 35 46 42 33 28 — 69
44 Stanislaus River below Goodwin — 74 10.8 28 <0.10 — 0.10
Dam — 12 35 32 37 — 30
45 Stanislaus River at Ripon 91 7.6 9.6 37 0.25 0.03 0.20
51 51 50 50 50 50 6
46 Stanislaus River at Koetitz Ranch 113 74 9.5 53 0.49 0.03 0.40
75 119 119 57 71 21 50
47 San Joaquin River near Vernalis 679 7.7 8.7 150 1.2 0.07 0.34
431 555 551 233 558 - 352 46
48 Mokelumne River near Mokelumne: . 35 73 10.6 12 ' <0.10 — 0.88
Hill 41 44 - 44 41 25 — 502
s ' ‘
49 Mokelumne River at Woodbridge 47 72 10.0 17 0.10 0.03 0.11
186 188 152 115 132 54 31

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

: Phosph -
osphorus, :
il‘t’e Nitrogen, Phosphorus, dissolved, Car:noi:, Chiorophyl ss:: l"::;:a Sediment,
@ 4 Site name total, as N  total, as P ortho- °'? otal ' gF;L) ( pr‘::ent suspended
g (mgll)  (mgl) phosphate, - " (mgh)
18) as P (mg/L) (mg.) <0.062 mm)
35 Grayson Road Drain - — — —_ — —_ 790
- - - - = - ™m v~
b 36 Tuolumne River at Tuolumne 0.13 0.01 0.01 1.1 - — —
: Meadows 28 23 1 9 - — —
37 Tuolumne River at LaGrange 0.21 0.01 0.01 1.8 — — 2!
Bridge 53 64 25 13 — — I K
38 Puolumne 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 32 —_ — 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 94
: 69 84 84 38 49 48 59
43 Stanislaﬁs River Middle Fork at 0.11 0.02 0.01 1.0 — —_ 4
Dardanelle 32 44 26 8 — — 10
44 Stanislaus River below Goodwin 0.23 0.01 0.01 —_ — —_ —
Dam 6 23 18 ' —_ —- — —_
45 Stanislaus River at Ripon 0.69 0.05 0.03 24 1.1 67 20
. 50 50 50 39 49 46 48
46 Stanislans River at Koetitz Ranch 0.82 0.08 0.03 . 33 — — 17
: 46 © 64 63 .21 —_ — 27
47 San Joaquin River near Vemnalis 2.2 0.24 0.11 52 58 88 77
501 480 362 131 50 272 3,503
48 Mokelumne River near Mokelumne 0,13 0.02 0.01 2.1 — —_— 2
Hill 32 29 .. 9 10 —_ - 10
49 Mokelumne River at Woodbridge 0.37 0.02 0.01 23 —_ 81 6
) 125 142 59 43 — 88 112
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concentrations of nitrate, total phosphorus, suspended
sediment, and other constituents. Drainage areas
generally are from 1,000 to 3,000 miZ. A site classified
as agricultural has more than 40 percent area in crop or
pasture, less than 40 percent in forest, and less 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 concentrations in 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 concentra-
tions are slightly lower than the national averages. For .
all 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 are in the
granitic Sierra Nevada and have extensive bedrock and
thin soils. Runoff from these areas is low 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

PRELIGINARY
SUBJECT TO REVISION
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” are used again. These sites include: (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 Isles 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
Joaguin 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 (fig. 314, 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
(Mud Slough near Gustine [site 21; fig. 31F]), nitrate
concentration generally increased with streamflow.
This general trend probably is because of an increasing
proportion of agricultural drainage as it is added to a

.base flow of ground water seepage. At higher flows,

there is some natural runoff to this site from the Coast
Ranges, which dilutes the agricultural drainage in Mud
Slough. Samples collected during the high flow period
of February through April 1986 were exceptions to 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
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Figure 30. Comparison of nitrate, total phosphorus, and suspendéd sediment concentrations, San Joaquin-Tulare Basins,
Califomnia, study unit, to national sites, 1993 National Water Summary. (A) Agricultural areas. (B) Forest areas.

sloughs. At higher streamflows, proportionately more 1,000 £t3/s, the common inverse relation holds.
flow comes from the Merced River, diluting flowsfrom  Increases in streamflow above 1,000 ft3/s generally

the sloughs that are dominated by agricultural come from the east side tributaries, which have low

drainage. . ' nitrate concentrations. At flows less than 1,000 ft/s,
At the Vernalis site (site 47), the relation is more ~ concentrations increase with streamflow due to two

complex (fig. 31H). For flows greater than about " factors: (1) water quality at Vernalis is maintained by
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releases of water with low nutrient concentrations from
the New Melones Reservoir on the Stanislaus River
(site 24, fig. 6; table 1) to meet water quality criteria for
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 is the steepness of the curves for Mud
Slough (figs. 31F and 32F) and the San Joaquin River
sites (fig. 31 D and H; fig. 32 D and H). Unlike nitrate,
total phosphorus concentrations in subsurface
agricultural drains are low, and the curves are less steep
because of relatively lower concentrations of total
phosphorus in west side agricultural discharges.

Suspended sediment concentrations in streams
typically increase with streamflow, as higher stream
velocities dislodge bottom materials and are capable of
suspending larger-size sediment (fig. 33). This is
shown at the Sierra Nevada sites on the Kings and
Merced Rivers (fig. 334 and B). The higher concen-
trations on the Kings River appear to be primarily due
to higher streamflows, because the concentration at
both sites increases at streamflows above 1,000 ft/s.
The relation at the third Sierra Nevada site (Tule River
below Success Dam [site 8], fig. 33E) is affected by the
reservoir just upstream of the site, because suspended
sediment settles in 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. This was primarily a period 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 a rapid 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 471) is not
typical (fig. 33D and H). Higher streamflows at these
sites usually indicate more highly concentrated inflows
from the west side and more diluting streamflows from
east side tributaries. Because the east side tributaries
contribute more streamflow, the overall effect on San
Joaquin River suspended sediment concentrations is a
slight 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 data to
develop a quantitative relation between flows and
constituent concentrations. The standard error of the
estimated load is calculated to evaluate the accuracy of
the estimate. In 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 questionable;
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 loads at
several sites were collected during USGS studies on
the San Joaquin River during 1986-1988. Reasonable
load estimates are reported for 23 sites in the study unit
for nitrate, 15 sites for total nitrogen, 20 sites for total
phosphorus, and 14 sites for suspended sediment
(table 9% The water quality data for 14 of the sites for
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
are given in table 9. Except for Salt Slough at Stevinson
(site 19), all inputs to the lJower San Joaquin River were
greatest during 1986. The flows 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 slough
because the sloughs are interconnected. This

62 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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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/s, cubic foot per second; ton/yr, ton per year; —, no data}
; . Site Standard error Load,
| no. Site name Water :::::r;?:‘x Load of load 95-percent
; (fig. year (f/s) (ton/yr) estimate confidence interval
i) 18) (percent) (ton/yr)
o NITRATE
]
Lower San Joaquin River Basin
! 16 San Joaquin River near Stevinson 1986 1,824, 231 26 108 - 354
; T 1987 70.6 34 - 18 20-47
1988 27.5 12 22 6.3-18
19 Salt Slough near Stevinson 1986 272.7 860 7.2 731-989
1987 2653 . 1,155 57 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 8.5 875-1,243
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 5.7 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 47 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 9.5 118 - 174
42 San Joaquin River at Maze Road 1986 6,016 4,446 89 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 Stanislaus River at Ripon . o 1986 1,336 318 4.6 288 — 348
’ 1987 < 1345 213 5.7 188 - 238
1988 599.5 144 6.5 125-163
47 San Joaquin River nedr 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 J oaquin Basin
13 San Joaquin River below Friant Dam 1986 1,346 . —_— — —_
1987 924 9.2 25 46-14
Qe 1988 . 109.8 10 21 6.0-11
Load Estimates 65
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
Califomia, study unit, 1986-1988—Continued

Site Mean daily Standard error Load,
no. Water Load of load 85~-percent
(fig. Site name year stn(a;sn;;;ow (tonfyr) estimate confidence Interval
18) (percent) (tonfyr)
22 Merced River at Happy Isles Bridge 1986 539.0 23 24 11-34
1987 158.5 7.6 25 3.6-12
1988 207.5 10 28 4416
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
Stanes o Raves
43 Middle Fork at Dardanelle 1986 188.2 14.6 32 1.6-7.6
1987 65.1 114 32 05-23
1988 66.7 1.2 35 04-21
44 Stanislaus 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 31-55
1987 4473 185 43 14-16
1988 - 3233 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 Kem River at Kernville 1986 1,577 157 49 1.2-112
1987 458.8 —_ —_ —_
1988 362.5 —_ T~ —
4 Kings River below North Fork, near 1986 3,553 ’ 143 21 80-206
- Trimmer . 1987 823.2 39 19 23-56
1988 8559 39 22 20-58
5 Kings River below Pine Flat Dam 1986 ’ 3,853 1307 42 45 - 569
. 1987 1,687 1209 49 3.0-415
1988 1,234 —_— — —
8 Tule River below Success Dam 1986 3134 1100 37 2-178
. 1987 89.8 124 30 8.5-40
1988 48.0 118 40 1.8-34
10 Kaweah River below Terminus Dam 1986,, 1,103 150 35 . 15-85
: _ 1987 2329 9.9 28 4.1-16
1988 236.3 8.8 34 27-15
TOTAL NITROGEN
L.owerISan Joaquin River Basin
16 San Joaquin River near Stevinson T 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

Site Mean daily Standard error Load,
no. Water Load of load 95—-percent
(fig. Shte name year s"";s",‘;“"” (tonyr) estimate  confidence Interval
18) : (r/s) (percent) (tonlyr)
19 Sait Slough near Stevinson 1986 2727 1,295 6.1 1,133 - 1,457
1987 265.3 1,604 5.5 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 5117 . 328 11 252 -404
1988 53.0 -275 13 200 -350
26 Merced River near Stevinson 1986 860.9 810 54 722 - 898
: 1987 219.8 454 3.9 417-491
1988 1522 324 6.0 284 364
27 San Joaguin 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 7.5 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 Stanislaus River at Ripon 1986 1,336 1,085 11 838 -1,332
1987 -~ 734.5 605 11 473 -737
1988 599.5 389 12 294 - 484
47 San Joaguin River near Vernalis 1986 7,220 9,594 3.0 8,897 - 10,291
: 1987 2,505 6,006 23 5,644 - 6,368
1988 "1,609 4,492 27 4,199 - 4,785
. Other San Joaquin Basin
22 Merced River at Happy Isles Bridge 1986 -~ . 5390 . 274 20 . 154-394
1987 158.5 74 18 42106
1988 207.5 98 20 55-141
43 Stanislaus River Middle Fork at Dardanelle 1986 188.2 133 30 13-53
' 1987 65.1 179 30 33-128
1988 66.7 185 34 2.7-143
.Tulare Basin )
1 Kem River at Kernville 1986 1,577 873 16 584 - 1,162
: — 1987 458.8 171 11 131-211
e 115 12 85145

© . 1988

3625
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Table 9. Nitrate, total nitrogen, total phosphorus, and suspended sediment load estimates in San Joaquin-Tulare Basins,
Califomia, study unit, 1986-1988—Continued
; She Standard error Load,
no. She name Water ::::;;fgx Load of load 95—-percent
(fig. year (t/s) (ton/yr) estimate confidence Interval
18) : (percent) (tontyr)
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 8559 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 2715 14 14 10-18
? 19 Salt Slough near Stevinson 1986 272.7 94 59 83-105
1987 - 2653 75 45 68 -82
i 1988 264.5 73 52 65-81
20 San Joaquin River at Fremont Ford Bridge 1986 2,273 459 11 357-561
' 1987 3426 96 7.5 81111
: 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 8.5 - 12-18
' 26 Merced River near Stevinson 1986 860.9 85 17 55-115
1987 219.8 25 94 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 ‘8.5 152-216
1988 546.9 182 10 146-218
31 San Joaquin River near Patterson 1986 3,697 937 83 779-1,095
1987 9115 379 7.0 325-433
1988 7581 - 323 11 245 -401
38. Tuolumne River at Modesto 1986 1,843 141 19 86~ 196
1987 721.8 32 15 2242
1988 215.0 17 19 10-25
42 San Joaquin River at Maze Road 1986 6,016 1,343 8 1,117 1,569
: S 1987 1,820 512 7.2 © 437-587
1’198§‘ 1,063 394 11 ‘ 204 - 494
e i 45 Stanislaus River at Ripon 1986 1,336 156 21  88-224
P - 1987 ‘ 734.5 50 15 34-66
1988 599.5 26 17 - 17-35
‘ ) 47 San Joaquin River near Vernalis 1986 7,220 1,270 5.7 1,169 - 1,431
- Co 1087 2,505 - 657 45 590-724
i 1988 1,609 457 5.3 404 -510

! 68  Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Baslins, California, 1972-1990
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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

Site Standard error Load,
. no. Site name Water ",mmd,f:,'\‘,', Load of load 95-percent
(fig. year (t%/s) (tonfyr) estimate confidence interval
18) (percent) (ton/yr)
Other San Joaquin Basin
13 San Joaguin River below Friant Dam 1986 1,346 . 152 36 15-89
1987 92.4 5.0 16 34-6.6
1988 109.8 . 6.6 14 48-84
22 Merced River at Happy Isles Bridge 1986 539.0 ' 9.8 18 59-13.7
1987 158.5 2.5 18 1.5-3.5
1988 207.5 32 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 53-109
37 Tuolumne River at LaGrange Bridge 1986 1,566 22 16 15-29
1987 3914 5.7 14 41-73
1988 107.2 1.5 15 1.0-20
43 Stanislaus River Middle Fork at Dardanelle 1986 188.2 6.1 21 34-838
1987 65.1 14 21 0.8-2.0
1988 ) 66.7 1.2 23 06-1.8
44 Stanislans River below Goodwin Dam 1986 1,184 113 31 5-21
1987 619.4 8.7 16 60-114
1988 561.7 72 13 52~-9.2
49 Mokelumne River at Woodbridge 1986 1,117 48 20 27-69
: 1987 215.7 74 14 5.1-9.7
1988 31.7 12 15 08-~1.6
: Tulare Basin
1 Kem River at Kernville 1986 1,577 67 23 35-99
1987 458.8 6.9 15 4.7-9.1
1988 3625 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 215 1,382 27 635-2,129
19 Salt Slongh 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
' o — 1987. 517 9,786 13 7,200 - 12,372
“" 17

1988 53.0 5,047

D—040005
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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

Stte Standard error Load,
no. Sho name water  Moan dally Load of load 95-percent
(fig. year ) /s) {tonfyr) estimate confidence Iinterval
18) (percent) (tontyr)
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 SanJoaquin 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 ‘f75,324 32 27,243 - 123,405
1987 7218 8,294 16 5,547-11,041
1988 215.0 1,969 18 1,257 -2,681
: Moz Roc ol
42 San Joaquin River at 0 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 Stanislaus 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 Vernalis? 1986 7,220 569,064 — —
1987 2,505 168,599 —_ —
1988 1,609 114,016 —_— —
Other San Joaquin Basin
22 Merced River at Happy Isles Bridge 1986 539.0 3,072 16 2,002 4,142
1987 158.5 546 13 338-704
1088 207.5 657 14 466 — 848
49 Mokelumne River at Woodbridge 1986 1,117 40,583 21 22,667 —‘58,499
. oo 1987 - 215.7 2,698 13 1,919 3,477
1988 31.7 654 15 574-T134
Tulare Basin o
1 Kern River 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 8,622 £33 712-16,532
1988 855.9 17,636 #36 403 - 14,869

4
1 4

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

ESTIMATOR (a load calculation program).
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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 rivers in the study
unit are small relative to the lower San Joaquin River.
Nitrate loads in the Kings, Merced, and Stanislaus
Rivers increase greatly between the Sierra Nevada 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 sites given in table 9.
The schematic shows the difference between loads
during a wet year (1986) and a critically dry year
(1988). The nitrate load in the lower 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
site is the upstream boundary for the lower San Joaquin
River. In 1986, this site received 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 is diverted 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)
is surprisingly high for a Sierra Nevada site. Like
nitrate loads, total nitrogen loads for the Merced and
Stanislaus Rivers increase greatly between the Sierra
Nevada and the valley. The total nitrogen loads in the
lower San Joaquin River are shown schematically in

figure 35: The general pattern is similar 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 Vernalis in 1986 was
about twice the 1988 load. The 1986 load at Stevinson
(site 16) was about equal to the load in Salt Slough (51te
19, table 9).

As with nitrate and total nitrogen loads, the total
phosphorus load in east side tributaries increases
greatly from the Sierra Nevada to the valley (table 9).

PRELIZINARY
SUBJECT T0 E-EE ViSION

The total phosphorus loads in the lower San Joaquin
River system are shown schematically in figure 36. The
1986 load in the San Joaquin River near Vernalis (site
47, table 9) was almost 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 previously mentioned, suspended sediment
loads increase more with streamflow than do nutrient
loads. As aresult of the greater influence of streamflow
on suspended sediment concentrations, the 1986 load
near Vernalis was almost five times greater than in
1988 (site 47, table 9). The suspended sediment loads
in the lower San Joaquin River system are shown in

» figure-37. The load at Stevinson (site 16) was high in

1986. As with nitrogen loads, the suspended sediment
load 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 ifi table 10. These
unaccounted-for loads represent between 22 and 68
percent of the difference in estimated loads between
Stevinson and Vernalis.

Water year 1986 was a wet year, and water year
1988 was a critically dry year. To put the loads
discussed in this section into a long-term perspective,
the annual loads of nitrate, total nitrogen, total phos-
phorus, and suspended sediment at the San Joaquin
River near Vernalis site during 1972-1990 are shown
in figiiré-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

_ quartile for 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 fraction increase. The particulate fractions of total
nitrogen and total phosphorus were calculated from the

Load Estimates 71
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Figure 34, Annual nitrate loads in San Joaquin—Tulare Basins, California, study unit, during wet year (1986) and critically dry
year (1988). See table 9 for srte names.
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Figure 35, Annual total nitrogen loads in San Joaquin—Tulare Basins, Califomia, study unit, during wet year (1986) and critically

dry year (1988) See table 9 for site names.
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Figure 36. Annual total phosphorus loads in San Joaquin-Tulare Basins, California, study unit, during wet year (1986) and
critically dry year (1988). See table 9 for site names.
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Figure 37. Annual suspended sediment loads in San Joaquin-Tulare Basins, Califomia, study unit, during wet year (1986) and
critically dry year (1988). See table 9 for site names.
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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
Change in Change in Change in
Unac- Unac~ Unac-
Change load from Change load from load from
: intoad COUMed" gyovinson  inload SOUMeY” stevinsonto CPaNGe In counted- Stevinson
i San Joaquin River reach i for load to Vernall i for load Vernalls loadIn for load
reach! Within ( emalis "h1 withi (e ma reach!  within ° (V ernalls
ac 2 unac- reac| 2 unac- 2 unac-
(ton per (:::Ch r counted-for (ton per :each counted-for (to: per :each counted-for
year) PSF Inreach®)  year) (fon per 1 reachd) year)  (fon per " reach®)
year) (percent) year) (percent) year) (percent)
} ‘ Nitrate -
" Stevinson to Fremont Ford Bridge 723 =136 -3 1,025 -129 -3 1,258  -136 -5
Fremont Ford Bridge to Newman 1,058  —362 -8 462  ~163 -4 317 =237 -8
Newman to Patterson 744 744 17 831 831 23 629 629 22
, A Patterson to Maze Road 1,690 1,319 31 907 562 15 820 674 L +
3 ~Maze Road to Vemalis -240 -6 412 200 5 -168 =312 i
)// hte Total—Stevinson to Vernalis 4,292 1,325 31 3,637 1,301 36 285 618 % et
Total Nitrogen LL"/"L%J
Stevinson to Fremont Ford Bridge 1,468 172 2 1,342 =263 =5 1,741 =35 -1
Fremont Ford Bridge to Newman 2,163 560 7 881 98 2 412 -187 —4
Newman to Patterson 1,593 1,593 19 1,449 1,449 25 1,219 1,219 27
Patterson to Maze Road 3,063 1,916 23 1,870 1,144 20 1,032 755 17
Maze Road to Vernalis 111, 974 -12 - 316, =289 =5 20 -369 -8
G «t o Total—Stevinsonto Vernalis 8,398 3,267 39 5,858 -2,139 37 4,424 1,383 31
\ E—
. 1986 1987 1988
Change in Change in Change in
Unac Unac- Unac-
Change load from  Change load from load from
in load oour‘lted- Stevinson  Inload counted- Stevinson to Cl;landg‘e in c;gux;ted- Stevinson
San Joaquin River reach in '°'m‘:la" toVemalis  in 2% yemais 102 o 'n:f" 10 Vernalis
reach! : a chr; (unac- reach? rv;:i;:; (unac- (zfcher r‘:achr; (unac-
! (ton per (ton counted-for (ton per t r counted-for ear) (ton per counted-for
, year) Per ‘lnreach®)  year) C(°PP®’ nreach) y P in reach?)
year) (percent) year) (percent) year) (percent)
! : Total Phosphorus —
‘ Stevinson to Fremont Ford Bridge 199 105 10 69 -7 -1 68
i Fremont Ford Bridge to Newman 241 110 11 88 44 7 ) 100 67 15
i Newman to Patterson 236 236 23 195 195 31 141 141 32
Patterson to Maze Road 406 266 26 133 102 16 ‘ n 54 12
Maze Road to Vernalis =73  —228 -23 145 95 15 63 _38, 9
5. / ¢ LL.> Total—Stevinson to Vernalis 1,009 489 48 630 429 68 443 205 67
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 Road 223,820 148,495 38.- 97,390 89,095 55 56,438 54,475 " 48
Maze Road to Vernalis —52,533 —89,397 -23 -19,211 —36,508 -22 —17,085 —28,624 25
42 161,937 72,847 45 112,634 34,719 31

s f €=~ __Total—Stevinson to Vemnalis 396,286 165,005

IFor 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. -
2For example, the unaccounted-for load in the reach from Maze Road to Vernalis = San Joaquin River near Vernalis load — Stanislaus River
at Ripon load — San Joaquin River at Maze Road load. 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. . _ .
. 3’Equals (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.
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NWIS database using the median of 24 monthly mean
particulate fractions for 1986 and 1988. The particulate
fractions and load ratios for the San Joaquin River near
Vernalis site are:

Wet year
(1986) to
Constituent Particulate dry year
fraction (1988) ratio
Nitrate 0 1.58
Total nitrogen 0.14 2.14
Total phosphorus 0.40 278 .
Suspended sediment 1 4.99
Streamflow less than&, 4.50
0.0001

Thus, with-streamflow the transport of suspended
sediment and particulate-associated nutrients increases

morfvh transport of dissolved nutrients increases.
. ‘J(.‘f{\ 7’)‘7(&“*%“ JOLS *{L
Relation of Stream Loads to

Upstream Conditions

Most of the unaccounnted-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 or
Mud Slough near Gustine (sites 19 and 21) or the
Merced River. Los Banos Creek flows from the Coast
Ranges, through rangeland and wetland areas, and dis-
charges to 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
loads in this reach. In the San Joaquin River from
Stevinson to Newman, the suspended sediment loads
are almost completely accounted for by the inputs from
Mud and Salt Sloughs and the Merced River.

The unaccounted-for nutrient and suspended
sediment loads between Newman and Patterson can be
attributed primarily to Orestimba Creek, Spanish Grant

'Drain, Turlock Irrigation District lateral number 5

Load Estimates 77
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(fig. 13), and several smaller agricultural discharges.
Turlock Irrigation District 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 several
smaller agricultural discharges including Olive Avenue
Drain and Grayson Road Drain (sites 32 and 35,

fig. 18).

The Stanislaus River is the only major input
between Maze Road (site 42, fig. 18) and Vernalis (site
47). According to the load estimates, there was usually
a loss of nutrients and suspended sediment in this
reach. This loss can be attributed 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 loading estimates for the
Turlock and Modesto wastewater treatment plants.
Most nitrate and suspended sediment loads can be
attributed to west side sources, especially during dry
years. Total nitrogen and total phosphorus loads cannot
be clearly attributed to either west side or east side
sources due to 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
sites in the study unit (sites 1-6, fig. 39). Another state
sitef Tule River near SpnngvﬂDsﬂe 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. Most
total phosphorus values measured previously 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 peno?s 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
programs reported wet deposition values based on
volume-weighted mean concentrations during

precipitation. The dry deposition of nitrate is

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 basins is calculated from the
total nitrogen values in table 11 and a qualitative
assignment of drainage areas (weighting factors in
table 12) to deposition sites based on precipitation,
elevation, 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 Joaquin River near Vernalis
basin (C-H). '

When comparing atmospheric deposition loads
to stream loads, it is important 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 is the
proportion of total rainfall volume in a watershed that
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 Isles Bridge
(C, fig. 39). This site is in a small headwaters drainage
basin of steep granite with no flow manipulation and 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 same is true generally for
the larger, 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, lesser slopes, more permeable
soils, and the extrapolation of atmospheric deposition
loads from more distant sites.

The west side drainage basin (H in fig. 39 and
table 12) has the least rainfall and the smallest runoff

78 Water Quality Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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EXPLANATION C . ] {
Dralage basin for gaging station {‘ /J l TU|are \ 1o
Kern River at Kermnville Y s .
o , . g8 Basin
Kings River below North Fork 86 ‘B\\ s §! J{'
near (nmmer
Merced River at Happy IslesBridge & B L} )
C:1 B| Merced River near Stevinson ! o2 _:}
@ Tuolumne River at Modesto —\l ) : ;
A v y /
Stanislaus River at Ripon , \~\ 1 {
L nea 1\ : t v’
San Joaquin River s Vernalis SN -
{Lower San Joaquifn River Basin) \T‘\—- }
Salt Slough near Stevinson and 350_1. B =
Mud$lough near Gustine , e \r,,,.. / 9 L 40 MILES
~———  Study unit boundary _ . T !
Sasin boundary | 0 40 KILOMETERS

°1 Atmospheric deposttion site

: Flgure 39, Atmospheric deposition srtes and selected dralnage basins for load comparisons in San Joaquin-Tulare Basins,

Califomia, study unit. -
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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, ammonia as N; NO;-N,

nitrate as N; ton/mi?/yr, ton per square mile per year) )
Atmospheric deposition load (ton/mi2/
Stte Site Sampling Altitude  Sampling P eposition load (ton/mi"lyr)
no. name program (ft) period NHgN - NOg-N NOz-N Total
(fig. 39) (wet) (wet) (dry) nitrogen
1  Bakersfield CARB 394 7/85 - 6/89 0.276 0.136 0.053 0.465
2  LakeIsabella 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  Sequoia National Park (Giant Forest) CARB 6,201

S5  Sequoia National Park (Giant Forest) = NADP 6,240

6  Yosemite National Park CARB 4,577
6  Yosemite National Park NADP 4,620
7  Sacramento CARB 112

7/86 — 6/89 0.408 0.304 0.118  0.830
10/85 - 9/89 0.292 0.263 0.103 - 0.658
7/85 - 6/89 0.280 0.280 0.109 0.669
10/85 - 9/89 0.354 0.403 0.157 0.914

7/85 - 6/89 0.508 0.240 0.094 0.842

coefficient of the eight basins. In addition, it has a large
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 relative magnitude of
atmospheric deposition at the other sites are not
possible. The link between atmospheric deposition and
streamflow is weak in the valley due to flat slopes, flow
manipulation, and agricultural use of precipitation.
Runoff coefficients in the valley are low, and most
contributions to streamflow are from irrigation return
flows. Thus, although the deposition load in east side
tributaries is greater than stream loads (table 12), the
actual contribution to stream loads is relatively small.
At Vernalis, the contribution of atmospheric deposition
is undoubtedly less than at the east side tributary sites
because loads from the west side are almost exclusively
land based.

Total Loads in the Lower San Joaquin
River Basin

Nutrient loads and souices were evaluated for the
drainage basins shown in figure 39. The shaded area in
figure 39 (basins C-H) is the drainage basin for the
lower San Joaquin River, with headwaters in thé Bear
Creek drainage, the eastern portion of drainage basin G.

80 Water Quality Assessment aﬁd Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990
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Mean stream loads, point sources (municipal and
industrial), and nonpoint sources (fertilizer application,
manure production, subsurface agricultural drainage,
and atmospheric deposition) are summarizéd 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
basins, the mean stream load leaving the basins
accounts for 5 to 10 percent of the nitrogen sources and
2 to 5 percent of the phosphorus sources.

The maximum possible contribution of point
sources to mean stream load is shown in table 13. It was
assumed that none of the nitrogen or phosphorus from
point source discharges was diverted at the points .
identified in figure 8, and, therefore, flowed to Vernalis.

+ This is an unreasonable assumption, especially during

the irrigation season of a dry 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 the total sources of total
phosphorus (table 13). Nonpoint sources accounted for
at least 81 percent of this nitrogen transport and at least
68 percent of this phosphorus transport.
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Table 12. Comparison of stream loads and atmospheric deposition loads for tot:§ iﬁ%@é‘gggl JeOec&g‘él§ruw basins, San

Joaquin—Tulare Basins, California, study unit, 1986-1988

[mi?, square mile; ton/yr, ton per year]

Atmosphaeric
Drainage Weighting factor for Stream deposition load
Dralr;'agess)a sin area atmospheric load for total nitrogen,
(fig. (mi?) deposition sites (tonfyr) as N
{ton/yr)
Sierra Nevada
A Kem River at Kernville 1,009 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
v San Joaquin Valley, East Side -
C,D Merced River near Stevinson 1,273 10,7 Yosemite 529 1,020
0.2 Sacramento
0.1 Lindcove
E Tuolumne River at Modesto 1,884 10.7 Yosemite 717 1,510
0.2 Sacramento
0.1 Lindcove
F  Stanislaus River at Ripon 1,075 10.7 Yosemite 693 862
0.2 Sacramento
0.1 Lindcove
San Joaquin River
C-H San Joaquin River near Vernalis 6,948 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 475 1.0 Bakersfield 2,024 221
Mud Slough near Gustine
! Average values from Sequoia National Park (Giant Forest) and Yosemite National Park (table 11).
TRENDS IN CONSTITUENT (tabI&’14y: The other sites did not have enough data
CONCENTRATIONS during this period to report trends. The 95-percent

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
sediment, the trend-analysis period was 1980~1989.
The trend-analysis period for the other constituents was
1982-1989; laboratory biases were reported for USGS
data during water years 1980 and 1981. Results of the'
trend analysis are given for 8 ot_‘yt_t}E 49 long-term sites

,/‘

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-values are less than or equal to 0.05. Trends that were
not flow,adjusted (table 14) should be considered with
caution.'"l‘he later years of the trend-analysis period
were much drier than the earlier years. Thus, some of
the nonﬂow;idjusted 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

Trends in Constituent Concentrations 81
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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 parcnlhcs?g represent total phosphorus load, as P); mg/L, milligram per liter; mi2, square mile; v

f1/s, cubic foot per second]

v’

\

ISee table 9.

2Based on information in National Pollutant Discharge Elimination System files (see table 2) and unpublished nutrient data from cities of Turlock and Modesto (see table 3). Calculations 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 Vemalis 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 is included, with estimated nutsicnt concentrations of 36.5 mg/L as N for total nitrogen and 33.3 mg/L as P

for total phosphorus (Larry Puckett, U.S. Geological Survey, written commun., 1993).

4 Assuming a drainage factor of 0.7 acre-feet per acre for the arca of tile drains shown in figure 12 (58,489 acres) and other reaches of the San Joaquin River (10,010 acres) (from Kratzer and others, 1987).
Calculations are based on a total 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 calculate total phosphorus concentrations for atmospheric deposition. This results in total phosphorus concentrations of 0.003-0.006 mg/L as P.

depending on the site.

6Coumy data from U.S. Environmental Protection Agency, 1990. Calculations based on proportion of county or county’s valley floor area in drainage basin.
TCounty data from U.S. Departient of Agriculture and Califomnia Department of Food and Agriculture, 1991. Calculations based on proportion of county of county’s valley floor area in drainage basin.

8Maximum possible contribution of point sources to mean stream load.
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i T Y
Load from point Load from nonpoint sources . ;(\7
) Moan' sources . Mea,?j Point
: ean §
Drainage basin pr::::ge stream sf::;e Atmos- Fortilizer  Manure Total !of sources
(see fig. 39) (mi?) 13::‘-’38 Nfuni; lnc.iui- agricul- ghemf appli- produc-  S0Urces total mean STYRGHA v
cipal trial tural e_P°§" cation® tion” sources load®
i drains? tion
¢ ins' .

Merced River at Happy Isles Bridge (C) 181 149 0 0 0 143 0 0 143 1.04 0.00
®) © (] ()] 3 © © €)] 1.67) 0.00)

Merced River near Stevinson (D) 1,273 529 24 0 0 1,020 2,536 3,720 7,300 0.07 0.05
43) @ ()] (1)) 20 (365) (1,004) (1,393) (0.03) 0.09)

Tuolumne River at Modesto (E) 1,884 717 0 0 0 1,510 2,263 3,537 7,310 0.10 0.00
S 63 ) () © (39) (326) 923) 1,279) (0.05) (0.60)

Stanislaus River at Ripon (F) \ 1,075 693 0 0 0 862 3,888 4,698 9,448 0.07 0.00
Q) () () (U] an (560) (1,196) (1,773) 0.04) 0.00)

Mud and Salt Sloughs (H) 475 2,024 0 0 1,392 221 13,733 9,571 24917 0.08 0.00
(108) () )] © @ (1,978) (2,496) (4,480) (0.02) (0.00)

neGs

San Joaquin River gf Patterson (C, D, H, 3,172 4,560 625 28 1,449 2,437 33,623 34,153 72,315 0.06 0.14
_ and part of G) (546) (114) (25) ©) 49) (4,843) (8,900) (13,937) 0.04) (0.25)

San Joaquin River near Vernalis (C, D, 6,948 6,697 1,254 28 1,487 5,339 50,931 65,558 124,597 0.05 0.19
E, F, G, and H) (795) (228) (25) U] 197 (7,335) (16,928) (24,630) (0.03) 0.32)
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Table 14. Trends in nutrient and suspended sediment concentrations during the 1980s, San Joaquin—Tulare Basins,
California, study unit

-

[ 8

[Numbers (p-values) represent data from Seasonal Kendall test; trend is considered significant if p-value is less than or equal to 0.05.

Symbols: A, upward trend, not flow adjusted; A, upward trend, flow adjusted; O, no trend, not flow adjusted; ®, no trend, flow adjusted; b
V, downward trend, not flow adjusted; ¥, downward trend, flow adjusted; <, less than; —, no data] %V" q
Si Nitrate, Ammonia, Nitrogen, Orthophos- Total Suspended
Nte Station name (fig. 19) dissolved dissolved total phate phosphorus sediment /Y"/ X
o. (1980-1989) (1982-1989) (1982-1989) (1982-1989) (1982-1989) (1980-1989) b
1 Kern River at Kernville 0(0.30) V¥ (<0.01) ¥ (0.02) V (0.02) V (0.02) ® (0.75) {
{
4 Xings River below North Fork, near Trimmer, O(0.72) V¥ (<0.01) @ (0. 07) OX0.11) V(<0.01) O (0.40) Mo"‘\
16 San Joaquin River near Stevinson 0(0.33) —_— 0X0.94) A (0.02) - “,
) Ctd o\
" AP‘ db
19 Salt Slough near Stevinson — — § 0(0.17)  0O(0.43) — \ \q 1
20 San Joaquin River at Fremont Ford Bridge A (<0.0D) - A (<0.01) — — —
21 Mud Slough near Gustine - —_ — — — 0 (0.12) —
47 San Joaquin River near Vernalis A (<0.01) V(<001 @ (0.85) @ (0.33) - ® (0.50) ® (0.14)
49 Mokelumne River at Woodbridge A (0.05) V¥ (0.03) ® (0.67) O (0.57) ® (0.76) ® (0.68)

despite reduced flows during the trend period (table
14). This decrease probably is related 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
ammonia concentrations have 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
flows to the San Joaquin River. This increase in 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 in the
San Joaquin River near Vernalis (site 47 [1951-1990])
is shown in figiiré 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 trends relating to this i mcreasmg nitrate trend

at Vernahs is shown in ﬁgure 4T (A=D):

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

(B) Five—year running averages (1953-1988) of
estimated nitrate loads in the San Joaquin
River Basin near Vernalis, in the combined
east side tributaries (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 loads are assumed to be
related primarily to runoff from fertilizer
applications. Estimated loads from
subsurface agricultural drains assume a
constant concentration of 25 mg/L. as N, 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 loads by
total annual streamflows in the San Joaquin
River near Vernalis. Concentrations shown
for each source represent the portion of
concentration at Vernalis contributed by the
source.

]
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Figure 40. Trend in nitrate concentration at San Joaquin River near Vernalis site; 1951-1990 (seasonal Kendall tesgg:va\ue is

less than 0.01).

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
S-year running averages. Water year 1983 was an
extremely wet year, and unusually large inputs of
nitrate were probable from the following sources:

(1) inflow from the Tulare Basin through Fresno
Slough (fig. 1), (2) discharges from the Modesto .
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. -’_4_1_9), and nitrate loads in

runoff to the lower San Joaquin River from fertilizer
application (east side tributaries in fig. 41B) and
subsurface agricultural drainage (fig. 41B) increased.
Thus, increased nitrate in the river was due to increases
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 loads 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.

Nitrate in the subsurface agricultural drainage is
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
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Figure 41. Potential sources of total nitrogen in the lower San JoaquingBasin, Califomia, nitrate loads and concentrations, and
nutrient trends in the San Joaquin River near Vemalis site. See figure 18 for site locations.
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nitrogen in subsurface agricultural drains. A mass
balance for a drained area showed that nitrogen in the
harvested crops accounted for almost all 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, based on 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 371), two east side
valley sites (Tuolumne River at Tuolumne City [site
39] and Stanislaus River at Koetitz Ranch [site 46]),
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 due to
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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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7 agricu]tural return flows. All sites appear to have late 1980s; however, this trend is not statistically
increasing concentrations except for the San Joaquin significant.
' . River near Stevinson site (site 16), which is upstream of The only visual trends for nitrate at the long-term
most agricultural return flows. The increasing nitrate sites are an increasing trend at the Salt Slough site and
trends at the Vernalis site (site 47) and Fremont Ford a decreasmg trend at the Stanislaus River site (site 46

Bridge (site 20) are statistically significant for the 1972- [ﬁg 45]). These trends are not statistically significant
; 1990 time period (p<0.001 and p=0.012, respectively).  dueto the lack of sufficient data during the period. The
The lack of trends at Vernalis (site 47) for total Sierra Nevada site on the Merced River also appears to
: phosphorus and suspended sediment concentrations have an increasing trend for nitrate due to the method
o also is apparent at the upstream sites (figs. 43 and 44).- by which values below the detection limit for the
- The Patterson site (site 31) appears to have increasing ~ LOWESS trend line are set to the detection limit by the
concentrations of total phosphorus (fig. 43) during the ~ PT2 program. The trend lines for total phosphorus and

EXPLANATION

: & Value
L ® iessthanvalue
i Concentration trend

11303500 Site 47, San Joaquin River near Vernalis
1.0? T T T T T T 1 T T T

Flow-adjusted total phosphorus concentration, in milligrams per liter, as P

1975 | .. 1980 1985 . 1980

. Water year

Figure 43. Total phosphorus concentratlons at selected San Joaqum River sites, California, 1972-1990. See figure 18 for site
locations. . .
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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

400

concentrations and loads in the San Joaquin-Tulare
Basins for 1972-1990 are described. A database
representative of ambient surface water conditions was
developed 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 this report, data analysis
was limited to 49 long-term sites with 3,397 nutrient
samples and 5,089 suspended sediment samples.
Comparisons of nutrient and suspended sedi-
ment concentrations were made among three environ-
mental settings in the study unit: the west side of the
San Joaquin Valley, the east side of the San Joaquin
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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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Valley, and the Sierra Nevada. The primary land use is
agriculture at the valley sites and forest at the Sierra
Nevada sites. Soils at the western valley sites are
primarily fine-grained alluvial deposits from the Coast
Ranges; the eastern valley sites are primarily coarser-
grained alluvial deposits from the Sierra Nevada.
Nutrient and suspended sediment concentrations in
surface 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 constituents in forested areas
are significantly lower than national averages.

Discharges and diversions of agricultural drain-
age and reservoir operations create some unusual
streamflow versus concentration relations in the study
unit. At the San Joaquin River near Vernalis site, 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 sedi-
ment concentrations decrease slightly with streamflow
at the Vernalis site. Nutrient concentrations in the lower
San Joaquin River are determined primarily by
relatively concentrated inputs from west side agricul-
tural drainage, discharges from east side wastewater
treatment plants and dairies, and by relatively dilte
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Figure 45. Nitrate concentrations at representatwe sites in San Joaquin-Tulare Basins, California, study unit, 1972—1990. See

figure 18 for site locations.
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mputs 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.
Load calculations were attempted at all 49 long-
term sites in the study unit for water years 1986-1988.
Reasonable estimates of nitrate loads were calculated
at 23 sites, total nitrogen at 15 sites, total phosphorus at
20 sites, and suspended sediment at 14 sites. Nutrient
and suspended sediment loads in the lower San Joaquin
River were much greater in a wet year (1986) thanin a

stre (?vfquas 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
Joaquin Basin. The overall transport of total nitrogen
and total phosphorus from the basin during this time
was 5 percent and 3 percent of the total sources,
~espectively. Atmospheric deposition is probably the

critically dry year (1988). The ratio of 1986 to 1988 yrimary source of nitrogen load at high ®  Nevada
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Figure 46. Total phosphorus concentratlons at representatlve sﬂes in San Joaquin-Tulare Basins, California, study unit,

1972-90. See figure 18 for site locations.

80  Water Quallty Assessment and Analysis of Data, San Joaquin-Tulare Basins, California, 1972-1990

D—040025

D-040028



PRELIIRARY

SUBJECT TO REVISION

sites and is a minor 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 concentrations in 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 treatment plant effluent, and
runoff from dairies. Since 1970, this increase has been
due primarily to increases in subsurface agricultural
drainage of mostly native soil nitrogen. Plov&gadjusted
ammonia concentrations decreased between 1982-
1989 at Sierra Nevada sites on the Kern and Kings
Rivers and at valley sites on the lower San Joaquin and

Mokelumne Rivers. This decrease is probably related
to improved regulation of domestic and dairy wastes.
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