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SUMMARY

The Agricultural Unit of the Central Valley Regional Water Quality Control Board
(Regional Board) initiated a water quality monitoring program on the lower San
Joaquin River in May 1985. The objectives of this monitoring program are:

1. to assess existing water quality conditions;

2. to provide a long-term database for assessing the effects of future
regulatory actions;

3. to provide a database to assess potential long-term aquatic ecosystem
impacts including in-stream biotoxicity testing being conducted by
Regional Board staff; and

4. to provide a database to validate the San Joaquin River Input-Output
Model (SJR10-1) described in Appendix C of the State Water Resources
Control Board (SWRCB) Order No. WQ 85-1 Technical Committee Report on
"Regulation of Agricultural Drainage to the San Joagquin River" which was
released in August 1987.

Selected mineral and trace element constituents were measured for total
recoverable concentrations at eight monitoring sites along a 60-mile section of
the San Joaquin River extending from near Stevinson at Lander Avenue to near
Vernalis at Airport Way. Water quality samples were collected on a monthly
basis, or at selected sites on a weekly basis, and analyzed for electrical
conductivity (EC), boron, chloride, total alkalinity, selenium and, at selected
sites, molybdenum. A previous report has been issued for data collected from May
1985 through March 1988 (James et al., 1988). A similar report has been prepared
for Water Year (WY) 1988 (1 October 1987 to 30 September 1988) (Westcot et al.,
1989). The present report covers the WY 1989 (1 October 1988 to 30 September
1989), a critically dry year.

The general trend in constituent concentrations along the San Joaquin River study
area during WY 89 continues to be that the Towest concentrations occur at the
upstream and downstream study end points; Lander Avenue and Airport Way
(Vernalis), respectively. Concentrations were highest just downstream of Lander
Avenue below the Salt Slough and Mud Slough (north) confluences at Fremont Ford
and Hills Ferry Road, respectively. Salt Slough and Mud Slough (north) are the
two major sources of subsurface agricultural drainage to the San Joaquin River.
Downstream of the Hills Ferry Road site concentrations decreased as each of the
three east side streams diluted the River.

Chloride, boron, sulfate, EC, selenium, and molybdenum values in the river appear
to be directly related to climatic and streamflow conditions in the river basin.
During the critical 1987-89 water years (WYs) constituent concentrations were
routinely higher than they were during the wet 86 WY. During WY 89, these same
constituents also show seasonal variations in concentrations with the highest
levels occurring during the nonirrigation season (October to March).

In December 1988, the Regional Board adopted water quality objectives for the San
Joaquin River. These objectives and associated compliance dates were approved
by the State Water Resources Control Board in September 1989, the final month of
WY 89. The objectives were set for molybdenum, boron, and selenium.



During WY 89, mean monthly molybdenum concentrations were consistently below the
approved water quality objective (19 pg/L) for all sites except for the San
Joaquin River at Lander Avenue, the single site upstream of subsurface
agricultural drainage inflows. The non-compliance is the result of natural
conditions and Tikely the result of the critically dry year. During WY 89, flows
at the Lander Avenue site were very low and most resulted from ground water .
inseepage.

Boron water quality objectives ‘are delineated by both Tlocation on the river,
season, and water year type. Throughout WY 89, a critically dry water year, only
the two sites directly downstream of subsurface agricultural drainage exceeded
the approved boron objective of 2.0 mg/L. These sites were the San Joaquin River
at Hills Ferry and the San Joaquin River at Fremont Ford. Compliance with the
objective is to begin in 1993.

In addition to water quality objectives, milestones were also set for selenium
to assess progress towards meeting the objectives. During WY 89, selenium
concentrations in the San Joaquin River at both Hills Ferry and Fremont Ford
exceeded the WY 93 objective but did not exceed the milestone set for upcoming
WY 90. The San Joaquin River at Crows Landing did exceed both the lower
objective and standard set for selenium in that downstream reach of the river
although concentrations rapidly diminished farther downstream. Lack of
freshwater dilution contributes to the higher concentrations found in the
critically dry years.

Water quality in the San Joaquin River will continue to be evaluated against
objectives and milestones in upcoming water years. '



INTRODUCTION

The Agricultural Unit of the Central Valley Regional Water Quality Control Board
(Regional Board) initiated a water quality monitoring program on the lower San
Joaquin River in May 1985. Water quality samples were collected at eight
monitoring sites along a 60-mile section of the River extending from near
Stevinson in Merced County to Airport Way near Vernalis in San Joaquin County
(Figure 1). The purpose of this monitoring program was to compile an ongoing
database for selected inorganic constituents found in San Joaquin River water.
This database will be used to help assess the effects of agricultural drainage
water on the quality of the San Joaquin River. A long-term database is essential
to assess the Tong-term effects of the implementation of regional agricultural
drainage reduction programs. This report contains the results of this monitoring
program for data collected from October 1988 through September 1989 (WY 89). A
previous report has been issued for data collected from May 1985 through March
1988. (James et al., 1988). A follow-up report has been prepared for Water Year
(WY) 88 (1 October 1987 to 30 September 1988 [Westcot et al, 1989]). This
monitoring program was designed to complement monitoring programs conducted by
other state, federal, and Tocal agencies.

STUDY AREA

The study area consists of the 60-mile section of the San Joaquin River extending
from Lander Avenue (Highway 165) near Stevinson to Airport Way near Vernalis.
Monitoring sites are near each of the eight river overcrossings on this section
of the River (Figure 2). '

There are five major tributaries to the San Joaquin River within this study area:
Salt Slough, Mud Slough (north), and the Merced, Tuolumne, and Stanislaus Rivers.
Salt STough and Mud Slough (north) drain the Grassland Area of western Merced
County and discharge to the San Joaquin River in the southern portion of the
study area (Figure 2). These two sloughs are the major source of agricultural
subsurface drainage water discharged to the San Joaquin River. They carry a
varying mixture of surface and subsurface agricultural drainage, operational
spillage from irrigation canals, and seasonal drainage from duck ponds flooded
each winter for waterfowl habitat. The Merced, Tuolumne, and Stanislaus Rivers
are east side streams which drain the Sierra Nevada and contain relatively high
quality water. ,

In addition to the five major tributaries there are also a number of smaller

tributaries as well as surface and subsurface agricultural drains that discharge

to the San Joaquin River within the study area. A list of significant inflows

and their Tlocations, referenced by river mile are listed in Table 1. The

monitoring sites are also listed in this table.. A full description of the
an]o? points that occur in this 60-mile section of the River are in James et al.
1989).
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Table 1. Tributaries and Drains to the San Joaquin River Between
Lander Avenue and Airport Way

River Mile {Description Type*
132.9 Lander Avenue (Site A)
129.7 Salt Slough T,S
125.1 Fremont Ford (Site B)
121.2 Mud Slough T,S
119.6 Newman Wasteway 0S
119.5 Newman Drainage District Collector Line A T
119.1 Hills Ferry Road Drain S
118.8 Hills Ferry Road (Site C)
118.2 Merced River N
117.5 Newman Drainage District Collector Line | T
117.2 Azevedo Road Drain S
113.4 Freitas Rd. Drain + south of Freitas Rd. Drain S
112.0 Turlock Irrigation District Lateral 6 S0
109.0 Orestimba Creek N,S
107.2 Crows Landing Road (Site D)
105.0 Spanish Grant, Marshall Rd., Moran Rd. Drain ST
103.5 Turlock Irrigation District Lateral 5 S
100.0 Ramona Lake Main Drain ST
098.6 Patterson Water District Main Drain ST
098.4 Las Palmas Launching Facility (Site E)
097.6 Olive Avenue Drain S
097.3 Lemon Avenue Drain S
097.0 Eucalyptus Avenue Drain S
095.2 Turlock Irrigation District Lateral 3 S
092.9 Del Puerto Creek N,S
091.4 Houk Ranch Drain ST
090.3 Turlock Irrigation District Lateral 2 S
089.1 Grayson Road (Site F)
087.0 Old San Joaquin River Channel S
083.7 Tuolumne River N
081.1 Merced Irrigation District Lateral 4 S
079.9 Hospital/Ingram Creeks ST
078.9 Center Road Drain S
077.6 El Solyo Drain ST
077 .4 Blewett Drain S
077.3 Maze Boulevard (Site G)
074.9 Stanislaus River N
073.6 Airport Way (Site H)

* LEGEND
S Surface Agricultural Drain
T Subsurface Agricultural Drain
N Natural Stream
O Operational Spillage




TEMPORAL VARIATIONS IN STREAMFLOW

A Water Year (WY) extends from 1 October of one year to 30 September of the

‘following year. The average yearly flows of the San Joaquin River for the Wys
~ 85-88 were given in James et al.(1988), and Westcot et al. (1989). Streamflows

in the 85, 87, and 88 WYs were below the long-term average and in the 86 WY they.
were above average. The 89 WY, presented in this report, was also below average.

WYs 87, 88, and 89 were classified as critically dry years as described in James

et al. (1988). The 89 WY is one of the few instances where a critically dry year
has followed two other critically dry years.

METHODS

The Regional Board monitoring program for the San Joaquin River began in May 1985
and has continued through the 89 WY. The frequency of sample collection varies,
but generally grab samples were collected on a monthly basis. However, due to
the extreme dry conditions encountered in WY 89, the sampling frequency was
increased for four of the eight sites to bi-weekly or weekly. A1l samples were
analyzed for total recoverable selenium, boron, chloride, sulfate, total
alkalinity, and EC. Selected samples were also analyzed for molybdenum. A1l
samples collected at the Hills Ferry Road site were analyzed for total
recoverable copper, chromium, nickel, lead, zinc, selenium, molybdenum, and a
full general mineral analysis. Data recorded in the field included time,
temperature, pH, and EC.

Selenium and trace element samples were preserved with ultra-pure nitric acid to
lower the pH of the sample to two or less. Mineral samples were kept on ice
until submitted to the laboratory for analysis. A quality control and quality
assurance program was conducted. Spike and duplicate samples were utilized in
the Taboratory. In addition, blind replicate samples were collected at 10
percent of the sites and 50 percent of the blind replicates were spiked for
laboratory quality assurance. Reported results fall within quality assurance
tolerance guidelines.

RESULTS

Concentrations of the measured constituents in WY 89 followed a consistent
pattern along the San Joaquin River study area. The Towest concentrations
generally occurred at the upstream study site at Lander Avenue while the highest
concentrations occurred just downstream at Fremont Ford and Hills Ferry Road,
which are located below the Salt Slough and Mud STough (north) confluences,
respectively (Figure 2). Downstream of the Hills Ferry Road site there was a
progression of decreases in constituent concentrations as the Merced, Tuolumne,
and Stanislaus Rivers each inflowed and diluted the San Joaquin River. These
results are consistent with finding in WY 86, 87, and WY 88 (James et al., 1988
and Westcot et al., 1989).

Results of water quality analysis for minerals and trace elements are listed by
site in Appendix A, Tables 1A-8A. The ranges and median concentrations at each
site for selected mineral constituents and selenium and boron are shown in
Table 2. ' ' ~
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The ranges and median values at each monitoring site are graphically represented
for EC, chloride, sulfate, boron, selenium and molybdenum in Appendix B, Figures
1B through 6B, respect1ve1y These graphs show the general trend in the
concentrations of these selected minerals and trace elements along the entire
study area. The lowest concentrations occurred at Lander Avenue, the upstream
study end point, while the highest concentrations occurred at the next two
downstream sites, Fremont Ford and Hills Ferry Road. Downstream of the Hills
Ferry Road site the Merced River inflows and dilutes the river, thus
concentrations at the next three sites downstream are lower than at Hills Ferry
Road. These three sites, Crows Landing, Las Palmas Avenue, and Grayson Road, are
between the Merced and Tuo]umne Rivers and their concentrat1ons do not change
significantly between these sites. The concentrations were further reduced in
the river downstream of the Tuolumne and Stanislaus River inflows as measured at
Maze Boulevard and Airport Way, respectively. The trend of decreasing concen-
trations as you move downstream are shown for boron, EC and selenium in Figures
3, 4 and 5, respectively. This downstream trend was also recorded by Gilliom
(1986) and C1ifton and Gilliom (1988). ;

The Fremont Ford s1te had the highest median EC (2010 umhos/cm), boron (1.8
mg/L), sulfate (385 mg/L) and selenium (12 ug/L) values. These values are
genera11y only slightly higher than those at Hills Ferry Road, the site
immediately downstream. In previous water years, the highest concentrations were
noted at the Hills Ferry Road site immediately upstream of the Merced River
inflow. This previous finding illustrated the use of both Salt Slough and Mud
STough (north) to transport subsurface agricultural drainage water to the river.
In WY 89, however, the majority of the drainage water discharges occurred through
. Salt S]ough with the result that the highest concentrations in the river were
found at Fremont Ford, the first site downstream of Salt Slough (Table 1). This
trend is best illustrated using median selenium concentrations (Table 2) as
greater than 95 percent of the selenium in the river comes from the discharge of
subsurface agricultural drainage water.

Following a trend noticed in the 86-88 WY data (James et al., 1988 and Westcot
et al., 1989), EC and boron values are generally highest during the drier water
years (including WY 89). EC and boron values for the critical 87 through 89 WYs
were routinely higher than they were during the wet 86 WY. As shown by James
et al. (1988) at the Hills Ferry Road site during the wet 86 WY, the median EC
value was 1100 pmhos/cm (Table 3). The median EC va]ue\1ncreased in the
critically dry 87 WY to 1720 wmhos/cm. During WY 89, the third consecutive
critically dry year, EC values were even higher, ranging from 1360 to 3350
pmhos/cm with a median of 1930 umhos/cm. Boron values followed the same trend.

During the wet 86 WY, at Hills Ferry the median boron value was 0.91 mg/L
(Table 3). In the cr1t1ca1 87 WY and 88 WY, the median values were 1.6 mg/L and
1.7 mg/L, respectively. The median boron concentration found in WY 89 was
similar at 1.7 mg/L. This trend was observed at all of the monitoring sites.

The EC and boron values along the river do impose a slight to moderate degree of
restriction on the use of river water for irrigation. Extreme EC and boron
values at Fremont Ford and Hills Ferry Road have been high enough to impose
severe restrictions on irrigation, but these extreme values occurred during the
non-irrigation season. : :
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Selenium concentrations at the Hills Ferry site followed the same general trend
observed for EC and boron with the highest concentrations occurring during the
critically dry 87 through 89 WYs with median values for WY 86-88 being 4.0 ug/L,
11 upg/L, and 10 ug/L, respectively, with WY 89 showing a median value of
9.8 ug/L. Similar trends were observed at downstream sites. Figures 6 and 7
show the selenium concentrations with time for the selected water years for the
Crows Landing site (Index D) and Maze Road site (Index G). Figures 8 and 9 show
the boron concentrations for the same water years and sites. As can be seen in
all these figures, during dry and critically dry years the time of year patterns
remain the same. One possible explanation for this relationship is that during
times of low streamflow, as found in critically dry water years, agricultural
~ drainage water makes up a larger proportion of the San Joaquin River flow and
consequently, constituents associated with this drainage water become elevated
in the River. Ranges of concentrations of selenium and molybdenum for various
‘water years are shown in Table 4.

The Lander Avenue site is upstream of the discharge of subsurface drainage water
and is considered the background site for this study. However, the highest
median values for molybdenum (20 ug/L) occurred at this site. These levels are
not caused by subsurface drainage water as shown by the continued Tlow
concentrations of sulfate, boron and selenium (Figures 3B, 4B and 5B in Appendix
B) all of which are chief components of the drainage water. During previous
years (James et al., 1988), median quality at the Lander Avenue was comparable
to that at Vernalis. However, contrary to that seen in WY 88 (Westcot et al.,
1989), the critically dry WY 89 conditions have produced a change including
higher median EC levels and molybdenum concentrations and lower median selenium
and boron concentrations at Lander Avenue as compared to the Vernalis site (Table
2, Figures 1B-6B in Appendix B). In WY 89, almost 40 percent of the samples
collected exceeded the monthly mean for molybdenum (19 ug/L) established in the
Basin Plan for the San Joaquin River. None of the samples, however, exceeded the
maximum (50 ©g/L) concentration established in the Plan (Table 5). (The Basin
Plan objectives are discussed in detail in a later section.) Because of the very
dry conditions in WY 89, flow at the Lander Avenue site was Tow. James et al.
(1989) stated that flow at Lander Avenue in the river is often made up of a
significant portion of ground water seepage into the river. The high median
mo lybdenum and the very low median selenium concentration shown at the same time
suggests that ground water seepage from the basin trough areas may be occurring
at Lander Avenue. (Deverel et al., 1984 and Chilcott et al., 1988).

James et al. (1988), also showed seasonal variations within a given water year.
In their analysis, each water year was roughly divided into the irrigation and
nonirrigation seasons. The irrigation season was defined to extend from April
-to September and the nonirrigation season from October to March. Comparing these
two seasons, James et al. (1988) showed the nonirrigation season generally had
the higher EC, boron and selenium concentrations at each site along the river
regardless of water year type. During the irrigation season surface irrigation
return flows make up a large proportion of the San Joaquin River flow and these
return flows have a diluting effect on the water quality of the river. The Crows
Landing site shows a steady increase in concentration each year after October,
the nonirrigation season, regardless of water year type. Subsurface tile
~drainage Tines are continuing to discharge at this time while surface irrigation
return flows have ceased discharging to the river and no Tlonger provide a
diluting effect on the water quality. Boron, EC and selenium concentrations at
those locations along the river course during the irrigation and nonirrigation
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San Joaquin River at Crows Landing
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Figure 6. Selenium Concentrations at Crows Landing Road Along the Lower San Joaquin

River for Water Years 1986, 1988 and 1989.
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San Joaquin River at Crows Landing
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Figure 8. Boron Concentrations at Crows Landing Road Along the Lower San Joaquin

River for Water Years 1986, 1988 and 1989.
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R

Table 5 Water Quality Objectives as Adopted by the Central Valley
Regional Board for the San Joaquin Basin (5C)

Compliance

Constituent Water Quality Objectives Date

San Joaquin River, mouth of the Merced River to Vernalis (Delta
Inflow)

Selenium 5 #g/1 monthly mean 12 pg/1 maximum 1991
8 1g/1 monthly mean 1991
(critical year only)

Molybdenum 10 £9/1 monthly mean 15 pg/l1 maximum 1990

Boron 0.8 mg/1l monthly mean 2.0 mg/l maximum 1991

(15 March - 15 Sept)

1.0 mg/1 monthly mean 2.6 mg/l maximum 1991
(16 Sept - 14 March)

1.3 mg/1l monthly mean
(critical year only) 1991

Salt Slough, Mud Slough (north), San Joaquin River, Sack Dam to
mouth of the Merced River*

Selenium 10 £9/1 monthly mean 26 pg/1 maximum 1993
Molybdenum 19 ©g/1 monthly mean 50 pg/1 maximum 1990
Boron 2.0 mg/l1 monthly mean 5.8 mg/1l maximum 1993

(15 March - 15 Sept)

—
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seasons are shown in Figures 3-5. Figures 6 and 7 show that the peak and low
selenium concentration periods occurred at approximately the same time each year
during the last two water years (WY 87 and 88) and the absence of the well-
defined peaks during wet WY 86.

The existing water quality guidelines and criteria for the protection of
beneficial uses are shown in Table 6. Current EPA guidelines and criteria are
based on acid-soluble analyses. The more conservative total recoverable analyses
values utilized in this monitoring program may not be directly comparable to the
acid-soluble based criteria, but reliable methods for acid-soluble analyses have
not been developed to date. Total recoverable data currently provides the
closest comparison of water quality analyses to these protective guidelines.

The 89 WY median selenium values from Fremont Ford (12 wg/L) to Grayson Road
(5.8 ug/L) exceed the EPA ambient water quality criteria of 5 pg/L for the
protection of freshwater aquatic Tife. Selenium concentrations at sites upstream
of Hills Ferry Road routinely exceed the primary drinking water standard of 10
ug/L. A program to reduce drainage flow and river concentrations is being
implemented and is expected to Tower these concentrations. However, as shown in
Table 5, different water quality objectives apply in critically dry years when
little or no dilution flows will be available in the river.

Table 7. Dissolved Trace Element Water Quality Data for the San Joaquin River
South of Hills Ferry Road (site index C) (STC512) for Water Year 1989,

Sample Date Cr Cu Pb Ni Zn
g/l
4/12/89 <1 2 <5 <5 5
4/20/89 <1 3 <5 <5 5
4/26/89 <1 2 <5 6 <1
5/1/89 <1 2 <5 5 5
5/10/89 <1 2 <5 <5 2
5/17/89 <1 2 <5 <5 2
5/24/89 <1 2 <5 <5 <1
5/31/89 <1 2 <5 <5 <1
6/7/89 <1 2 <5 <5 2
6/14/89 <1 2 <5 <5 -
6/21/89 <1 <1 <5 <5 1
6/27/89 <1 3 <5 <5 4
8/16/89 <1 2 <5 <5 <5
8/24/89 <1 2 <5 <5 <5
9/6/89 <1 1 <5 <5 <1
9/13/89 <1 2 <5 <5 <1
9/21/89 <1 2 <5 <5 <1
Minimum <1 <1 <5 <5 <1
Median <1 2 <5 <5 1
Maximum <1 3 <5 6 5
Count 17 17 17 17 16
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The total recoverable trace element concentrations for copper, chromium, nickel,
lead and zinc were only determined at the Hills Ferry Road site (Table 3A,
Appendix A). Extreme total recoverable chromium values at the Hills Ferry Road
site have exceeded the EPA ambient water quality criteria of 11 ng/L hexavalent
chromium for the protection of fresh water aquatic life almost 50 percent of the
time and the median value found is 10 ug/L. Acid-soluble hexavalent chromium
levels were not evaluated in this study, but are expected to be lower than total
recoverable chromium. Dissolved concentrations, however, were greatly different
from the total recoverable levels. As shown in Table 7, dissolved chromium
levels were <1 ug/L throughout the period of sampling. This difference between
dissolved and total recoverable concentrations illustrates the need to continue
to develop reliable dissolved data when total recoverable concentrations show
elevated levels.

Median and maximum total recoverable nickel and zinc values were all below the
EPA guideline for the protection of freshwater aquatic 1ife. However, they were
also elevated. The median and maximum value for total recoverable copper
slightly exceeded the EPA guideline of 5.4 ng/L for protection of freshwater

aquatic Tife.

Like chromium, however, the dissolved concentrations were all at or near the
detection Tlevel for nickel, zinc and copper (Table 7). In no instance did the
levels measured exceed the EPA guidelines for protection of freshwater aquatic
life. This analysis was conducted using the conservative approach that water
hardness was 50 mg/L. Table 3A in Appendix A shows that median water hardness
exceeds 500 mg/L for this site. As the EPA criterion are water hardness
dependent, using 50 mg/L for analysis provides a significant margin of safety.

The water quality objectives adopted for the San Joaquin River (Table 5) are
based on total recoverable concentrations for boron, selenium and molybdenum.
Testing on all three trace elements in San Joaquin River water shows no
difference between dissolved and total recoverable indicating that sediment plays
an insignificant role in the concentrations measured by the total recoverable
methods. The data presented in Table 7 and in Table 3A in Appendix A shows that
for chromium, copper, lead, nickel and zinc, sediment plays a key role and
dissolved values may be significantly Jlower than the  total recoverable
concentrations reported. In addition, dissolved values may better represent
environmental exposure in the water column.

COMPLIANCE WITH OBJECTIVES

In December of this water year, the Regional Board adopted water quality
objectives for the San Joaquin River. Various compliance dates were established
for concentrations of selenium, molybdenum and boron (Table 5). These objectives
and compliance dates were to be effective with the Regional Board adoption and
~approval of the objectives by the State Water Resources Control Board (State
Board). State Board approval of the objectives and compliance dates was in
September 1989, the last month of WY 89.
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Two different approved molybdenum objectives apply to the San Joaquin River
(Table 5). One objective applies upstream of the Merced River inflow, the second
applies downstream of this point. As shown in Figure 10 for the Hills Ferry Road
site upstream of the Merced River inflow, monthly mean molybdenum concentrations
downstream of the tile drainage discharges were consistently below the approved
water quality objective of 19 wug/L and did not exceed the Tower 10 pug/L
objective approved for sites below the Merced River inflow. As a result, this
same pattern of low concentrations can be seen at the two downstream monitoring
stations (Figure 11) at Crows Landing Bridge and Airport Way. It is interesting
to note that while full compliance was achieved at all the sites monitored
downstream of the tile drainage discharges, the Lander Avenue site (Figure 12),
which is upstream of the drainage inflows, showed the highest monthly mean
concentrations. The monthly means exceeded the objective in 3 out of the 12
months. Approximately 40 percent of the samples collected in WY 89 exceeded the
monthly mean for molybdenum (19 ug/L) established in the Basin Plan for the San
Joaquin River. None of the samples collected, however, exceeded the maximum (50
©g/L) concentration established in the same plan (Table 5). This non-compliance
is the result of natural conditions and monitoring should continue to see if
these concentrations are the result of the critically dry year. During WY 89,
a critically dry year, flows at the Lander Avenue site were very low and most
flow resulted from ground water inseepage.

Throughout WY 89 boron concentrations never exceeded 0.54 mg/L upstream of the
tile drainage inflow at the Lander Avenue site. The median of the weekly
sampling was 0.32 mg/L. Downstream of the drainage inflows, the Fremont Ford and
Hills .Ferry Road sites showed boron concentrations that had 1increased
significantly. Mean monthly boron concentrations at these sites frequently
exceeded the approved water quality objective of 2.0 mg/L (Figure 13) although
compliance with the objective is not until 1993. This comparison is made with
the 1993 objective as no interim milestones are available for boron.

Downstream of the Merced River inflow, a different set of water quality
objectives apply. The objectives are seasonal, as well as modified, based upon
critically dry water years. WY 89 was a critically dry year; therefore, the
approved water quality objective for such a year is 1.3 ug/L. Compliance with
the objective is not expected until WY 92 (October 1991). Figure 14 illustrates
the accomplishments in WY 89 in relation to the water quality objective to he
achieved in October 1991. Only one monthly mean exceeded the critical year
objective. : _

Water quality objectives for selenium were also approved by the State Board.
These objectives, 1ike boron, vary with the location in the river and the type
of water year (Table 5). In addition to the approved objectives, the following
milestones were used to assess progress towards meeting the selenium water
quality objectives in the San Joaquin River.
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Figure 10. Mean Monthly Molybdenum Concentrations at Hills Ferry Road (Site Index C) for WY 89
as Compared to Adopted Water Quality Objectives for the San Joaquin River.
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Figure 11. Mean Monthly Molybdenum Concentrations at Crows Landing Bridge (Site Index D) and Airport Way
(Site Index H) for WY 89 as Compared to Adopted Water Quality Objectives for the San Joaquin River.
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Figure 12. Mean Monthly Molybdenum Concentrations at Lander Avenue (Site Index A) for WY 89
as Compared to Adopted Water Quality Objectives for the San Joaquin River.

30
28
e ]
24 - 4

21 4
904 ,Water Quality Objective

18 ...‘: _,.r". rrr
16 -t =:_. ...a.
14 E {

Molybdenum (ug/L)

Oct Jan Apr Jul Oct
Month
Figure 13. Mean Monthly Boron Concentrations at Freemont Ford (Site Index B) and Hills Ferry Road

(Site Index C) for WY 89 as Compared to Adopted Water Quality Objectives for the San
Joaquin River to be Implemented in Oct. 1993 (WY 94).
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Figure 14. Mean Monthly Boron Concentrations at Crows Landing Bridge (Site Index D) and Airport Way
(Site Index H) for WY 89 as Compared to the Adopted Water Quality Objectives for the San
Joaguin River to be Implemented in October 1991 (WY 92).
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Figure 15. Mean Monthly Selenium Concentrations at Freemont Ford (Site Index B) and Hills Ferry Road (Site Index C)
for WY 89 as Compared to Adopted Water Quality Objectives for the San Joaquin River to be Implemented
in October 1993 (WY 94) and Milestones Used to Assess Progress Towards Meeting the Selenium Objectives.
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Maximum Monthly Mean Selenium Concentrations

San Joaquin River San Joaquin River,

Mouth of the Merced Sack Dam to Mouth
Time Period River to Vernalis of the Merced River
WY 90 Dry Year* 6 pg/L
(10/89-9/90) Critical Year* 9 pg/L 20 pg/L
Wy 91 Dry Year* 5 ug/L
(10/90-9/91) Critical Year* 8 ug/L 17 ug/L
WY 92 Dry Year* 5 ug/L -
(10/91-9/92) Critical Year* 8 ug/L 15 pg/L

“Type of water year as defined in "Water Quality Control Plan for the San Joaquin Basin (5C)". 1975

The Lander Avenue site never had selenium concentrations that exceeded 2ug/L
with all monthly means less than 1 pug/L. This site is upstream of the
subsurface tile drainage discharges to the river. Downstream of the discharges
and prior to the Merced River inflow, both the sites at Fremont Ford and at Hills
Ferry Road showed elevated selenium concentrations (Figure 15). Both sites
exceeded the mean monthly selenium concentration planned for full implementation
in 1993, 10 pg/L. No adjustment is planned for this objective for critically
dry years such as was found in WY 89. Mean monthly concentrations at these
sites, however, did not exceed 20 pg/L, the milestone value establish for the
‘next water year (WY 90). The information is only for comparison, however, as no
milestones were set for WY 89.

Downstream of the Merced River inflow, mean monthly selenium concentrations
dropped as dilution flows entered from the eastside streams. Figure 16 shows
monthly mean concentrations in comparison to the water quality objective for a
critically dry year, 8 pg/L. This concentration will be the maximum monthly
mean after October 1991 (WY 92). Also shown is the milestone for WY 90 that will
be used next water year to assess progress toward meeting selenium water quality
objectives in the San Joaquin River. :
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Figure 16. Mean Monthly Selenium Concentrations for the San Joaquin River at Crows Landing (Site Index D) and Airport
Way (Site Index H) for WY 89 as Compared to the Adopted Critical Year Water Quality Objective to be Implemented
in October 1991 (WY 92) and Milestones Used to Assess Progress Towards Meeting the Selenium Objectives.
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APPENDIX A

Mineral and Trace Element Concentrations
for Sites Along the Lower San Joaquin River
in Water Year 1989
(1 October 1988 to 30 September 1989)
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Table 1A. Mineral and Trace Element Water Quality Data for San Joaquin River
at Lander Avenue (site Index A) (MER522) for Water Year 1989.

Location: Latitude 37°17'43", Longitude 120°51'01". In NE 1/4, NE 1/4, Sec. 27,
T. 7S., R.10E. East Bank, 50 ft. W of Lander Avenue (HWY 165),
2.3 mi. S of Stevinson. River mile 132.9.

Date Time pH EC Se Mo B Cl S04 CO3 HCO3 T.Alk. Temp.
Lmhos/cm 1e/L mg/l. °F
10/4/88 1125 1680 09 22 031 260 110 <1 290 290 71
10/11/88 1335 8.0 1400 05 18 0.20 210 94 240 70
10/17/88 1620 1370 05 17 022 190 84 9 230 239 74
10/25/88 7.8 1400 04 20 0.26 180 77 8 270 278 71
11/1/88 1135 8.1 1460 1.1 23 027 210 79 8 300 308 70
11/10/88 1305 8.1 1520 0.7 26 0.29 230 83 <1 320 320 62
11/15/88 940 8.2 1500 0.8 27  0.28 230 77 <1 310 310 58
11/22/88 1325 7.9 1550 0.6 29 029 220 84 9 320 329 54
12/8/88 1240 1660 0.4 30 0.32 250 79 <1 370 370 54
12/28/88 1315 1950 0.6 28 0.20 310 100 <1 360 360 43
1/11/89 750 0.9 3 023 100 83 110 45
1/26/89 1215 1250 1.2 7 054 160 180 <1 140 140 50
1/31/89 1010 1140 1.3 7 045 160 140 <1 160 160 50
2/7/89 1050 0.8 6 45
2/14/89 1010 8.1 550 <02 2 0.09 63 45 <1 120 120 48
2/21/89 1250 870 1.1 7 015 110 76 <1 180 180 60
3/1/89 1120 8.2 1120 09 9 023 150 100 <1 200 200 60
37189 1310 7.8 380 0.6 1 006 31 28 <1 92 92 60
3/15/89 700 0.3 4 013 91 67 <1 140 140 64
3/21/89 1110 1090 0.6 8§ 022 170 110 <1 190 190 65
3/29/89 1115 7.6 530 0.3 2 0.07 62 53 <l 110 110 66
4/5/89 845 7.3 1150 0.3 12 0.22 180 93 <1 220 220 63
4/12/89 1145 74 1550 0.6 14 030 280 150 <1 200 200 75
4/20/89 945 1880 0.5 13 0.38 350 200 <1 190 190 71
4/26/89 1045 8.0 1990 0.3 21 037 365 185 <1 240 240 67
5/1/89 1200 8.0 1820 0.5 18 037 345 165 <l 235 235 71
5/10/89 1100 8.2 1790 0.3 20  0.36 300 130 <1 270 270 70
5/17/89 1140 8.4 1630 04 15 034 270 140 <1 200 200 75
5/24/89 1115 8.0 1630 0.6 18 037 245 140 6 200 206 70
5/30/89 1200 8.2 1760 0.6 22 041 310 170 8 200 208 76
6/7/89 1150 75 1880 08 21 040 330 150 <2 240 240 78
6/14/89 1030 1600 05 15 032 265 145 <2 190 190 75
6/21/89 1010 1540 05 16  0.36 270 150 <2 150 150 76
6/27/89 1430 7.0 1300 0.6 21 0.36 240 120 8 260 268
7/5/89 1600 8.6 1690 0.7 21 039 270 150 8 180 188 87
7/12/89 1115 8.2 1850 0.6 18 0.38 320 160 <2 150 80
7/19/89 1110 8.7 1860 0.9 20 038 300 160 <2 170 170 80
7/25/89 1110 8.7 1880 0.6 23 039 290 120 2 210 212 84
8/1/89 1330 9.0 1960 0.3 28 0.42 270 110 18 270 288 82
8/9/89 1130 9.1 1900 04 21 0.40 310 160 12 160 172 82
8/16/89 1155 9.0 1450 13 032 250 130 <2 120 120 84
8/24/89 1500 85 1240 0.5 13 0.33 180 110 <2 160 160 80
9/1/89 1145 8.3 1270 04 13 034 120 120 <2 180 180 78
9/6/89 1110 85 1380 0.3 15 034 130 110 <2 190 190 75
9/13/89 1150 8.4 1160 0.3 13 025 180 70 <2 200 200 77
9/21/89 1100 7.7 1790 0.3 11 0.23 310 120 <2 160 160 71
9/29/89 925 7.7 940 0.3 9 013 150 49 <2 140 140 69
MIN 7.0 380 <0.2 1 0.06 31 28 <1 92 92 43
MED 8.1 1500 0.5 16 032 235 110 1 200 200 71
MAX 9.1 1990 13 30 054 365 200 18 370 370 87
COUNT 33 47 46 47 46 46 46 44 44 45 46



Table 2A. Mineral and Trace Element Water Quality Data for San Joaquin River
at Fremont Ford (site Index B) (MER538) for Water Year 1989.

Location: Latitude 37 18'34", Longitude 120 55'45". In NW 1/4, NW 1/4, Sec. 24,
T.7S., R.9E. West Bank at Fremont Ford State Recreation Area,
50 ft. S of HWY 140, 54 mi. NE of Gustine. River mile 125.2.

Date Time pH EC Se B Cl S04 CO3 HCO3 T.Alk Temp
wmhos/cm _ ug/L mg/L °F
10/4/88 1110 1790 12 1.2 250 290 <1 140 140 69
10/11/88 1320 7.5 1400 6.0 0.78 190 180 140 70
10/17/88 1640 1300 34 0.67 200 160 <1 150 150 72
10/25/88 7.6 1500 6.5 1.2 190 200 <1 140 140 69

11/1/88 1125 7.7 1660 6.8 1.2 240 270 <1 160 160 66
11/10/88 1245 7.8 2180 6.7 1.6 310 360 <1 180 180 60
11/15/88 930 7.9 2000 7.8 1.5 300 330 <1 180 180 56
11/22/88 1310 7.8 2550 10 1.9 360 380 7 180 187 54

12/8/88 1225 2060 5.6 1.5 280 320 <1 150 150 52
12/28/88 1300 2900 11 25 410 550 <1 250 250 42
1/11/89 2350 9.9 2.1 310 450 190 46
1/26/89 1145 3150 25 29 420 680 <1 190 190 50
1/31/89 1040 2900 23 29 410 660 <1 180 180 50
2/1/89 2500 20 43
2/14/89 1035 7.8 2220 17 2.0 290 470 <1 160 160 47
2/21/89 1305 2640 22 24 350 530 <l , 160 160 60

3/1/89 1105 7.8 3300 32 3.3 450 680 <1 190 190 57
3/1/89 1245 7.7 2100 15 1.9 270 400 <1 150 150 63
3/15/89 2700 19 24 380 540 <1 180 180 61
3/21/89 1120 2530 22 22 350 580 <1 170 170 64
3/29/80 1055 7.6 1750 12 1.3 230 370 <1 140 140 64
4/5/89 825 7.0 2840 24 2.2 390 680 <1 180 180 63
4/12/89 1200 7.6 2080 19 1.7 290 440 <1 150 150 74
4/20/89 930 2300 12 2.6 330 530 <1 160 160 68
4/26/89 1120 7.8 2400 20 22 310 470 <1 160 160 63
5/1/89 1145 7.7 2470 27 25 370 570 <1 160 160 68
5/10/89 1130 7.8 2350 23 24 300 530 <1 160 160 66
5/17/89 1210 7.8 2010 16 2.0 265 415 <1 140 140 75
5/24/89 1140 7.9 1690 14 1.6 200 320 <2 150 150 68
5/30/89 1150 8.3 1870 14 1.9 240 390 <2 140 140 73
6/7/89 1215 7.5 2420 21 23 320 480 <2 150 150 76
6/14/89 930 2080 16 2.2 250 450 <2 140 140 71
6/21/89 1000 1980 14 2.2 250 430 <2 150 150 72
6/27/89 1440 7.3 1420 12 1.6 250 450 <2 140 140
7/5/89 1620 8.0 1850 13 1.8 220 370 4 140 144 84
7/12/89 1150 7.8 2070 15 22 240 430 <2 150 76
7/19/89 1055 8.0 1520 10 1.6 180 270 <2 140 140 80
7/25/89 915 1.7 1690 12 1.8 180 330 <2 140 140 77
8/1/89 1400 8.8 1310 7.7 1.2 140 220 3 120 122 81
8/9/89 1150 8.9 1650 11 1.7 180 350 <2 140 140 81
8/16/89 1225 8.2 1470 8.3 14 170 280 4 130 128 80
8/24/89 1430 8.6 1490 8.6 1.6 170 270 3 130 133 78
9/1/89 1155 8.4 1660 10 1.6 210 320 <2 140 140 74
9/6/89 1140 8.3 1500 8.9 14 170 250 <2 140 140 75
9/13/89 1115 7.8 1600 11 14 210 270 <2 140 140 72
9/21/80 1035 7.2 1630 6.4 1.3 200 250 <2 160 160 68
9/29/89 940 74 1680 12 14 220 280 <2 140 140 67

MIN 7 1300 34 067 140 160 <1 120 122 42
MED 7.8 2040 12 18 250 38 <1 150 150 68
MAX 8.9 3300 32 33 450 680 7 250 250 84
COUNT 33 47 47 46 46 46 44 44 45 46

A-2



6L 000T 0S¢ 0ST OSI o> 79 00T 8¢ 08 0ce 061 ST 1 > ST 91 8 ¥ €6 0S9T 68  0S0T 68/6/8
08 06L 08T O0¢T  O0e1 T Sy OLT  T€ 69 00z o1 TI 6T > ST 91 8 2 €L 08€T 68  0S91 68/1/8
08 000T 0SE OST O0ST ¢ T6 01T 6¢ 98 ove 01T 91 T s> 11 6 9 S 66 0891 18 OVIT 68/ST/L
6L 088 0IE 0OST OST 7> 'S 08T 9¢ LL oz 061 €1 TT c> 11 6 9 % €8  06VT 8L  SOOT 68/6T/L
SL 00ZI OIF 91  0OST  +1 $S  0sT  9F 00T OLE 00T 81 ST > €1 01 9 S €1 060 9L  0SOT  68/T1/L
¥8 00ZT S6¢  LST  OST Tl 6 08T &P L6 0LE 0£Z 1T €T &> €1 11 9 9 Z1 0Z61 T8  OELT  68/S/L
0011 OLE 0ST oOsI 2> €9 0€T TV 06 08¢  obT  TT 81 > 11 11 9 L g6  00ST 8L  SIST 68/LT/9
7L 0011 0ty 091 091 2> 79 09T L OIT 00k OvT 61 17 s> 71 4! L 9 71 0061 0z6  68/12/9
1L 00ET ObF  0ST  0OST > 79 09T 8 001 OIF 0SZ 0T €I > 71 11 9 L $1 080T ST6  68/F1/9
9L 0Z¥T 06F 09T 091 > 8¢  00E TS 0Tl 00S 0T TT LT > 01 11 9 L 8T otcgr 'L STIT  68/L/9
oL 00ZT 0Ty 0ST  0ST 2> 09  0ST b 66 00y o0sz L1 LT c> 11 11 L 9 €1 0661 9L SE0T  68/0%/S
99 00T O00F 091 091 > T9  0TT b 76 0 00T 9T 1z &> 4! 71 L S 71 0SLT 9L SKOT  68/4T/S
7L 00ET ObF  OST  OST  I> €9 08¢ TS OIT  ObF OLZ 0T #T s> €1 91 9 9 ST 0TIz 9L OITT  68/L1/S
¥9 009T 00S 08T 081 1> 09 00E 8% OIT 0L o0t TT 81 s> €1 A L L 61 06€C 9L 00T  68/01/S
99 098 08¢ O¥I  ovI 1> 9% 08T &¢ $9 ovz 00 TT £ ¥9  OLET €L  0€0T  68/1/S
79 00ST 08 0ZC 0T 1> 8L  0SE 09 00T 00F O0C€ TT 61 &> 4! ¥1 L 9 (4] 0T1¥z 08 0T0T 68/9C/
oL 00IT 0S¢ 00z 00z TI> 79 0T T 69 0€ 0Lz 81 6 &> L L o ¥ 1'9 0881 0201 68/0T/
SL 000T O08F 09T 091 TI> 9y 06T TS 01T 09 00 8T 91 > 8 8 9 9 61 00Zc  SL  SKTl 68Ty
¥9 00ZT 08¢ OST  0sI 1> LY 0gT  T¥ LS 00F 08¢ €1 LI s> A €1 L ¥ 1 0ELT €L 0S6  68/6T/c
69 0081 06S 00z 00 1> LS 09¢ 99 oYl  0£9 Oy TT 8T o> ¥1 €1 01 L 0T 0SLT SPIT  68/12Z/¢
09 008T 009 0IZ 01z 1> 6 00y 0oL orT 09§ 0ty  ¥T €1 s> 11 L 7 6 81 0062 68/ST/¢E
19 00T 09¥ 081 081 1> 89 00 6V 86 oo 00 81 91 &> 6 L 9 L 4 0sze LL 01Tl 68/L/g
96 00z 0TL 0T 0gT > L9 09 T8 oLT 099 09% O€  ¥I &> Tl o1 S o1 €T 0SEE  LL 0001 68/1/€
19 008T 019 061 061 1> 9¢  0IF¥ 99 ovl 019 o0Zv VT = Tl &> 6 8 ¥ 8 €7 068C SPET  68/12/C
Ly 0o¥T 08¢ 01z Oz I> 0L 0TE 9§ 01T 0S¥ 0IE 61 <1 s> 4} 8 9 o z1 0SEC 08  S¥6  68M1/T
¥ 00LT 0ZS 01z 01z 1> L'S 08¢ 19 01T 026 OLE 0T ¢S s> L 9 € o1 ST 0592 STIT  68/L/T
0s 000C 0Z9 0£C  O¢C 1> 09 Oby €L O£  0TY o0y 9T L &> 8 9 ¥ o1 LT 0962 0S6  68/1E/T
0s 000z 059 0T otz 1> 79  09v LL oYl OY9 0S¥ 9T ¥ &> 9 ¥ £ 11 91 0sz¢ SOTT  68/92/1
Sy 0o¥l 0S¥ 0gT  0gT  I> $9  0£€ 86 66 06 0£€ 81 8 &> L L € L 9L 00T 68/11/1
4 009T 06¢¥ 0ST 0ST 1> 6 0L ¥S 00T O0ZF OVE 0T L s> S ¥ £ 6 T9  0S9C GTT1  88/8T/T1
4 00ET 0OF 061 06T 1> 76  0ST 9 9L 0l1€ 0T ST 8 s> 9 S € L Ly 0012 GTITT  88/8/Z1
€5 009T 01§ 01T o0l 1> 6S 0ge 19 OTT 0ZF 0S¢ 8T 9 s> > ¥ 4 01 ¥6 009 LL  0£ZT 88/TZ/11
9g 00€1 01z  0Iz 1> S 06T  SS 76 ove 0TE ST L s> 9 ¥ € 8 gy 0ZIT 6L  OT0T 88/ST/IT
09 00FT 0S¥ 061 061 TI> TS 00 9§ 96 00r 0gE 9T 01 &> L S € 6 TL 06T 8L  0IZT 88/0L/11
$9 000T OFbE OST  0ST 1I> ¥S 00T OF 1L oLz 09T T1 ST 9 8 o1 ¥y L €y O0ILT 9L 00T S88/1/11
89 ov8 06 09T 09T 1> € 081 g 8¢ 06T 061 OT 91 > 01 8 9 ¥ LS osvl LL 88/5T/01
L 06L 09T 0ST OST 1> $'S 08T  ¢¢ $S OLT 00T 690 61 s> Tl 4! o ¥ 8T  09€T OIL1  88/L1/01
69 0z8 oLz obT ovT 1> 79 081 V¢ 9¢ 00z 0zz  1L0 T2 s> 4 ST 3 12 96 Q0¥ TL  SETT  88/TT/01
¥9 00ZT 08¢ OLT OLT T> 6S  obT b £8 oze oLz ¥1 01 &> L 9 ¥ 9 €1 0L8T T8  SIOT 88/#/01
To STEET 7]/BT To/SOU W
dum], QL SNOH AV'L €0DH €00 ¥ BN SN ® yOS 1D q uz ad IN 1 o O eS o | Hd  eumy eeQg

“T°81T S[TUWI I9ATY "HRWMAN JO AN "TW €'C “MO[JUT JOATY PaoIsA Jo weansdn Ajejerpeww ‘K10108] MO[[e] POUOPURGE 38 Peoy] K110
STIHH 30 9S "TW 6°0 “TUeq 35, “H6' “SL°L ‘6 '998 ‘$/T AN ‘#/T AS ‘b/T AN UL “u8€ 8S 0T1 pmISU0T €€ 0T oLE SPMITET] :UONEIOT

"6861 Iea X Istep) 10] (TISOLS) (D Xopu] a11s)
peoy K113, S[ITH JO YINOS IoATy umbeor ueg Jof ere(] Lend) Iojep) JUOWRTH 99vL], PUB [BISUIAl "VE S[q8],



154 9 114 9% 9 9% 14 9y 9% 9 9y 14 14 147 84 124 (%4 97 9% op %14 €e INNOD
8 00T 0TL 0sc 0¢5c 148 v'6 09% 78 0LT 099 (1324 o¢c 6T 9 St 91 01 11 €T 0see 9’8 XVIN
99 00T 00V 091 091 1> 6°'¢ 0S¢T 9% 6 0LE 9T LT 91 > 11 01 9 9 86 0g6l L (€13
184 06L 09T 0€T 0cl 1> (A% 0LT (4 123 oLl OLT 690 > S 14 T € 8T 09¢1 T'L NIN
99 0001 0Tt 091 091 > 6’ 01C 8¢ 69 08T [\[%4 (4 ST > [ (41 v 9 [S§] 00L1 0’8 GOl 68/6C/6
69 016 01€ 091 091 > 19 00T e 89 [1]44 00T (A1 11 o> 01 6 S 9 0’ OLST 9L OEIT  68/1Z/6
eL 0L6 0ge 0¢T 0s1 (24 LS 00T oy LL 08¢ 0ee el (91 > 01 01 9 S '8 0v91 6L 0771 68/cl/6
TL 006 0ze 06T 06T > 1°¢ 00T ce 8L 08¢ 081 €1 LT o> €l 01 9 ¢ 9L (1298 18 0S0T  68/9/6

9L 010T OvE 0ST 061 (24 ¢ 0TT 8¢ 18 01¢ 012 ST 91 > (43 o1 9 S 18 0691 '8 00€1  68/1/6

6L 0T6 01¢ (148 (1,48 > 9 4 081 122 YL 09¢ 0L ST T > €1 £l L S L'L 0¢st 9'8 0EST  68/v2/8
8L 016 06¢€ ovl 1148 (24 09 061 YL 122 14 0tT 71 LT &> 14! 8 8 S 88 (V298 0’8 CETT  68/91/8
Ao STLE /3T To/SOq T

dula], SAL SNUH V'L €0DH €00 X BN SWw = $O08S 1O g uz, ad IN D 0] O 9§ O Hd  ewry eQg

"T'STT O[TW IOATY "UBWIMAN JO gN TW €' ‘“MOTUT JAARY paoIaly Jo weansdn Afererpauiw ‘A10198] MO[[e] PUODPUERQR & Proy Ao
STTEH JO 9§ "TW 6°0 Yueq 19 "H6™d “SL L ‘6 998 “v/T AN ‘¥/T dS ‘#/T AN UL ".8€ .86 o071 pmIBuoT ‘€€ 0T oLE SPWHET :UOHEIOT]

"6861 Iea X Iajem 10T (ZTSOLS) (D Xopuf IIs)
peoy A11a STITH JO YIN0s IsATY umbeor ueg 10 el LAene) 1Jep\ JUSWSTH SoBI], PUE TRIAUTA "VE 9[q8l,



Table 4A. Mineral and Trace Element Water Quality Data for San Joaquin River
at Crows Landing Road (site Index D) (STC504) for Water Year 1989.

Location: Latitude 37° 25' 55", Longitude 121° 00' 42". In SW 1/4, NW 1/4, Sec. 8,
T.6S., R.8E. West bank, 100 yds S of Crows Landing Road Bridge, 4.2 mi.
NE of Crows Landing. River mile 107.1.

Date Time pH EC Se Mo B Cl SO4 CO3 HCO3 T.Alk Temp
pmhos/ecm  —ue/L. mg/L. °F

10/4/88 1000 8.4 1640 6.9
10/11/88 1215 5.9 1400 4.6
10/17/88 1740 1480 5.8
10/25/88 7.8 1300 45

11/1/88 950 7.6 1450 35
11/10/88 1150 1.7 1520 34
11/15/88 1030 1.7 1570 5.0
11/22/88 1210 7.5 1500 5.0

0.88 230 250 <1 170 170 64
0.68 190 180 160 68
0.88 180 185 <1 160 160 70
0.80 160 160 <1 150 150 67
0.90 200 200 <1 160 160 64
092 210 250 <1 160 160 60
1.00 210 240 <1 150 150 57
0.96 200 230 <1 140 140 54

12/8/88 1050 1410 41 0.99 180 200 <1 150 150 54
12/28/88 1205 1700 4.8 1.2 220 290 <1 180 180 43
1/11/89 1650 45 1.2 230 300 160 46
1/26/89 1045 1900 74 1.4 260 350 <1 160 160 50
1/31/89 930 1820 9.8 1.4 250 360 <1 160 160 50
2[1/89 1650 7.7 1.2 200 290 <1 150 150 45
2/14/89 930 7.9 1720 84 1.3 230 330 <1 160 160 46
2/21/89 1400 2000 13 L5 280 400 <1 150 150 60

3/1/89 940 1.7 2210 17

3/1/89 1145 7.8 1460 6.9
3/15/89 1900 11
3/21/89 1205 1900 12
3/29/89 930 7.4 1260 7.5

4/5/89 1012 7.2 1800 9.8
4/12/89 1310 7.3 1520 9.5
4/20/89 1040 1620 54
4/26/89 955 8.0 1620 5.8

5/1/89 1015 7.2 1000 45
5/10/89 1000 7.4 1590 9.7
5/11/89 1040 7.5 1580 9.1
5/24/89 1025 73 1370 7.1
5/30/89 1020 1.6 1410 8.5

6/7/89 1100 7.0 1610 10
6/14/89 845 1600 9.5
6/21/89 900 1630 9.2
6/27/89 1530 7.8 1200 7.0

7/5/89 1750 8.1 1490 7.9
7/12/89 1030 7.5 1900 10

1.9 280 410 <1 170 170 56
11 180 230 <1 140 140 60
1.4 250 340 <1 160 160 59
. 270 400 <1 160 160 62
0.86 190 260 <1 130 130 64
1.2 270 390 <1 140 140 64
1.1 200 300 <1 140 140 72
1.5 230 290 <1 170 170 71
1.3 220 260 <1 170 170 63
0.77 140 170 <1 110 110 66
1.2 200 320 <1 140 140 66
1.3 210 290 <1 150 150 73
1.0 150 220 <2 150 150 66
1.2 160 260 <2 130 130 70
1.3 200 295 <2 140 140 74
1.4 210 320 <2 140 140 71
1.5 200 315 <2 160 160 72
1.6 210 390 <2 140 140
1.2 180 250 9 130 139 83
1.6 230 360 7 160 76
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7/19/89 940 1.7 1380 6.0 1.2 170 250 <2 150 150 75
7/25/89 1200 7.9 1420 6.1 1.1 165 250 3 150 153 79
8/1/89 1715 8.4 1350 6.3 11 140 210 6 140 146 79
8/9/89 1030 8.9 1400 59 3 1.1 150 250 <2 150 150 717
8/16/89 1110 7.9 1440 6.6 4 1.2 170 240 3 150 153 717
8/24/89 1535 8.3 1340 6.2 3 1.2 150 220 6 140 146 77
9/1/89 1322 8.3 1520 58 4 1.2 200 260 <2 140 140 75
9/6/89 1030 8.1 1520 7.2 4 1.2 180 250 <2 160 160 71
9/13/89 1240 8.0 1420 53 4 1.0 190 210 <2 160 160 72
9/21/89 1145 7.7 1290 38 4 0.88 150 180 <2 140 140 68
9/29/89 1045 7.8 1450 54 5 092 180 220 <2 140 140 66

MIN 5.9 1000 34 2 0.68 140 160 <1 110 110 43
MED 7.7 1520 6.9 4 1.2 200 260 <1 150 150 66
MAX 8.9 2210 17 7 1.9 280 410 9 180 180 83
COUNT 34 47 47 46 47 47 47 44 45 46 46

T
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Table 5A. Mineral and Trace Element Water Quality Data for San Joaquin River
north of Patterson Bridge (Las Palmas Avenue) (site Index E) (STC507)
for Water Year 1989.

Location: Latitude 37° 29' 52", Longitude 121° 04' 54". In SW 1/4, NW 1/4, SW 1/4,
Sec. 15, T.585., R.8E. West bank, 0.3 mi. N of Las Palmas Bridge at NE
comer of Patterson. River mile 98.6.

Date Time pH EC Se B Cl S04 CO3 HCO3 T.Ak. Temp
umhos/cm  pg/L mg/L, °F

10/4/88 945 8.4 1630 6.4 0.76 240 220 <1 170 170 64
11/1/88 935 7.6 1440 3.0 079 200 180 <1 160 160 66

12/8/388 1030 1470 3.4 0:94 180 190 <1 150 150 54
1/11/89 1650 3.7 1.2 230 270 170 46
2/1/89 1800 8.8 L3 230 320 <1 150 150 42

3/1/89 915 7.6 2220 14 1.8 290 400 <1 180 180 56
3/29/89 915 7.4 1470 73 087 250 280 <1 140 140 64
5/1/89 955 7.2 1220 52 088 170 200 <1 140 140 65
5/30/89 1000 1.5 1640 73 1.1 210 310 <2 170 170 70
7/5/89 1805 7.8 1490 6.2 1.1 170 240 <2 150 150 83
8/1/89 1730 8.3 1420 54 1.0 150 210 8 150 160 79
9/1/89 1340 8.2 1500 4.7 1.0 200 240 <2 170 170 71
9/29/80 1105 7.2 1460 6.0 084 200 200 <2 170 170 68

MIN 7.2 1220 3.0 0.6 150 180 <1 140 140 42
MED 7.6 1490 6.0 1.0 200 240 <1 150 160 65
MAX 8.4 2220 14 1.8 290 400 8 180 180 83
COUNT 10 13 13 13 13 13 1 12 13 13



Table 6A. Mineral and Trace Element Water Quality Data for San Joaquin River at
Grayson road, Laird Slough (site Index F) (STC511) for Water Year 1989.

Location: Latitude 37° 33' 43", Longitude 121° 09' 03". In NW 1/4, SE 1/4, NW 1/4,
Sec. 25, T4S., R.7E. Laird Park, 500 ft. S of Grayson Road Bridge, 1.5
mi. E of Grayson. River mile 89.1.

Date Time pH EC Se B Cl S04 CO3 HCO3 T.Alk Temp
wmhos/cm  ug/L mg/L °F

10/4/88 920 8.0 1830 6.2 0.87 260 220 <1 190 190 66
11/1/88 910 7.4 1510 3.6 0.84 230 190 170 170 64
12/8/88 1010 1480 35 0.87 190 190 <1 160 160 55
1/11/89 1650 4.0 1.2 220 280 170 46
2/7/89 1850 8.1 1.2 240 310 <1 170 170 41
3/1/89 855 7.6 2100 12 1.6 270 360 <1 180 180 56
3/29/89 850 7.3 1520 8.4 0.86 260 290 <1 150 150 63
5/1/89 930 6.8 1220 5.8 0.9 170 200 <1 140 140 66
5/30/89 935 74 1390 6.6 1.0 170 230 <2 150 150 69
7/5/89 1825 7.8 1400 6.1 1.0 170 220 5 150 155 82
8/1/89 1800 8.3 1300 5.2 0.89 140 210 7 140 147 80
9/1/89 1400 8.2 1450 4.5 0.94 190 220 <2 170 170 76
9/29/89 1135 7.5 1160 3.7 0.64 150 150 <2 140 140 68
MIN 6.8 1160 35 0.64 140 150 <1 140 140 41
MED 7.5 1480 5.8 0.90 200 220 <1 165 170 66
MAX 8.3 2100 12 1.6 270 360 7 190 190 82
COUNT 10 13 13 13 13 13 2 12 13 13



Table 7A. Mineral and Trace Element Water Quality Data for San Joaquin River
at Maze Blvd., HWY 132 (site Index G) (STC510) for Water Year 1989.

Location: Latitude 37° 38' 31", Longitude 121° 13'40". In SW 1/4, NW1/4, SW 1/4,
Sec. 29, T.3S., R.7E. West bank, 400 ft. S of Maze Blvd. Bridge,
upstream of Blewett Drain, 5.7 mi. NW of Grayson. River mile 77.2.

Date Time pH EC Se Mo B Cl S04 CO3 HCO3 T.Alkk Temp
umhos/cm —ug/l, mg/L, °F

10/4/88 900 8.2 1620 5.6 072 240 220 <1 180 180 66
11/1/88 855 7.6 1330 33 0.75 190 170 <1 160 160 64
12/8/88 950 1310 3.2 0.75 160 160 <1 160 160 55
1/11/89 1400 33 4 094 180 210 160 46
2/1/89 1550 7.3 6 1.0 200 250 <1 150 150 41
3/1/89 835 7.4 1740 8.0 1.2 230 290 <1 170 170 55
3/7/89 1100 7.6 1140 54 3 075 140 180 <1 120 120 59
3/29/89 835 74 1270 6.6 0.81 190 240 <1 130 130 62
5/1/89 915 6.8 880 39 0.60 120 140 <1 110 110 64
5/30/39 915 7.0 1240 49 0.79 150 180 <2 150 150 68
7/5/89 1855 7.8 1260 47 0.86 150 180 3 140 143 82
8/1/89 1820 8.2 1250 4.1 2 082 150 190 5 150 155 78
9/1/89 1420 0.2 1300 35 0.80 170 180 <2 160 160 76
9/29/89 1200 7.3 1200 34 0.65 160 150 <2 150 150 68
MIN 0.2 880 3.2 2 060 120 140 <1 110 110 41
MED 7.4 1290 4.4 4 080 165 180 <1 150 153 64
MAX 8.2 1740 8.0 6 1.2 240 290 5 180 180 82
COUNT 11 14 14 4 14 14 14 2 13 14 14



Table 8A. Mineral and Trace Element Water Quality Data for San Joaquin River
at Airport Way (site Index H) (SJC501) for Water Year 1989.

Location: Latitude 37° 40’ 32", Longitude 121° 15'51". In SE 1/4, SW 1/4, NW 1/4,
Sec. 13, T.3S., R.6E. West bank, 50 ft. S of Airport Way Bridge,
3.2 mi. NE of Vernalis. River mile 72.3

Date Time pH EC Se Mo B Cl S04 CO3 HCO3 T.Alkk. Temp.
pmhos/cm —g/l mg/L, °F
10/4/88 840 8.2 1060 24 2 042 150 130 <1 120 120 62
10/11/88 1130 1000 1.7 3 039 140 120 130 66
10/25/88 7.5 950 1.7 2 041 130 110 <1 120 120 64
11/1/88 835 7.6 980 2.0 0.50 140 120 <1 120 120 63
11/10/88 1105 15 1040 14 3 046 140 130 <1 120 120 58
11/15/88 1345 7.9 1000 1.8 3 58
11/22/88 1125 7.4 1050 22 3 054 140 130 <1 120 120 53
12/8/88 920 1000 2.0 2 054 120 110 <1 120 120 55
12/28/88 1120 1150 4.7 3 066 150 160 <1 130 130 44
1/11/89 1150 33 3077 160 180 140 46
1/26/89 1000 1300 4.6 4 0.78 170 200 <1 140 140 49
1/31/89 845 1300 52 4 087 180 210 <1 140 140 50
2/7/89 1350 6.0 5 082 160 210 <1 140 140 41
2/14/89 845 7.9 1330 5.6 3 082 170 220 <1 140 140 46
2/21/89 1445 1510 6.3 4 098 200 250 <1 140 140 60
3/1/89 820 7.3 1470 6.8 4 1.0 200 250 <1 140 140 55
3/7/89 1030 7.5 920 44 3 055 120 140 <1 110 110 56
3/15/89 500 42 2 059 120 150 <1 100 100 57
3/21/89 1255 820 43 2 049 110 140 <1 90 90 62
3/29/89 820 7.3 790 34 2 044 120 130 <1 92 92 60
4/5/89 1140 7.2 980 34 3 048 150 170 <1 110 110 62
4/12/89 1400 73 780 29 2 042 100 120 <1 92 92 69
4/20/89 1120 740 2.6 2 055 93 120 <1 85 85 68
4/26/89 915 7.9 850 2.1 2 059 110 120 <1 110 110 62
5/1/89 900 6.6 810 3.1 2 054 110 120 <1 140 140 64
5/10/89 910 6.8 750 2.7 2 045 94 100 <1 98 98 63
5/17/89 955 7.0 810 2.7 2 048 100 110 <1 97 97 68
5/24/89 935 7.0 720 1.7 2 037 93 92 <2 97 97 64
5/30/89 900 6.8 720 24 2 040 83 94 <2 90 90 66
6/7/89 1005 6.8 775 3.0 1 045 96 100 <2 90 90 69
6/14/89 745 830 29 2 05 99 110 <2 89 89 63
6/21/89 810 810 26 2 050 100 120 <2 100 100 68
6/27/89 1655 8.0 720 29 2 058 120 160 <2 110 110
7/5/89 1910 7.8 900 31 2 056 97 120 <2 110 110 80
7/12/89 930 6.9 930 2.7 1 057 110 140 <2 110 73
7/19/89 845 7.6 840 25 1 050 100 110 <2 110 110 74
7/25/89 1250 7.9 940 2.6 1 0355 120 130 2 110 112 79
8/1/89 1830 8.3 990 31 0.62 110 120 2 120 122 78
8/9/89 950 8.0 1020 2.7 2 055 120 140 <2 120 120 76
8/16/89 1030 7.9 1080 3.0 2 0064 140 140 4 130 134 77
8/24/89 1615 8.3 1100 31 2 072 130 140 6 130 136 77
9/1/89 1430 8.2 1110 2.8 2 066 180 180 <2 140 140 76
9/6/89 950 8.1 1160 3.0 2 070 150 160 <2 150 150 70
9/13/89 1320 8.0 990 2.2 2 052 140 120 <2 120 120 73
9/21/89 1230 7.5 930 22 2 052 110 120 <2 120 120 70
9/29/80 1215 7.6 1000 3.0 2 053 130 120 <2 130 130 70
MIN 6.6 720 14 1 037 83 92 <1 85 85 41
MED 7.6 980 2.9 2 054 120 130 <1 120 120 64
MAX 8.3 1510 6.8 5 1.0 200 250 6 150 150 80
COUNT 33 46 46 44 45 45 45 4 43 44 45






APPENDIX B

Maximum, Minimum and Median Concentrations
for Selected Mineral and Trace Elements
for Sites Along the Lower San Joaquin River
in Water Year 1989
(1 October 1988 to 30 September 1989)

Page
Electrical Conductivity B-1
Chloride B-2
Sulfate B-3
Boron B-4
Selenium B-5
Mo1ybdenum B-6
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