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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 Joaquin River" which was released in August
1987.

Selected mineral and trace element constituents were measured for total
recoverable concentrations at nine monitoring sites along a 75-mile section of
the San Joaquin River extending from near Stevinson at Lander Avenue to near
Tracy at Mossdale Bridge. Water quality samples were collected on a monthly
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 for a 60-mile
section of the River extending from Lander Avenue to Airport Way (Vernalis) in
San Joaquin County (James, et al., 1988). The present report covers the Water
Year (WY) 1988 (1 October 1987 to September 1988), a critically dry year.

The general trend in constituent concentrations along the San Joaquin River study
area during WY 1988 continues to be that the lowest concentrations occur at the
upstream and downstream study end points; Lander Avenue and Mossdale Bridge,
respectively. Concentrations were highest just downstream of Lander Avenue below
the Salt Slough and Mud Slough confluences at Fremont Ford and Hills Ferry Road,
respectively. Salt and Mud Sloughs 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 and 1988 water years (WYs) constituent concentrations
were routinely higher than they were during the wet 1986 WY. During WY 1988
these same constituents also show seasonal variations in concentrations with the
highest levels occurring during the nonirrigation season (October to March).



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 75-mile section of the River extending from near
Stevinson in Merced County to the Mossdale Bridge near Tracy 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 long-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 1987 through September
1988 (WY 88). A previous report has been issued for data collected from May 1985
through March 1988 for a 60-mile section of the River extending from Lander
Avenue to Vernalis in San Joaquin County (James, et al., 1988). This monitoring
program was designed to complement monitoring programs conducted by other state,
federal, and local agencies.

STUDY AREA

The study area consists of the 75-mile section of the San Joaquin River extending
from Lander Avenue (Highway 165) near Stevinson to Mossdale Bridge near Tracy.
Monitoring sites are located near each of the nine 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, and the Merced, Tuolumne, and Stanislaus Rivers. Salt
and Mud Sloughs 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 drainage 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 waterfow] habitat. The Merced,
Tuolumne, and Stanislaus Rivers are east side streams which drain the Sierra
Nevada Mountains 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 locations, referenced by river mile are listed in Table 1. The
monitoring sites are also listed in this table. A full description of the 128
inflow points that occur in this 75-mile section of the River are in James, et
al., 1989.

TEMPORAL VARIATIONS IN STREAMFLOW

A 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 85-87 were given
in James, et al., 1988 for each of six gaged stations within the study area.
Streamflows in the 1985 and 1987 WYs were below the long-term average and in the
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Table 1. Significant Tributaries and Drains to the San Joaquin
) River Between Lander Avenue and Mossdale Bridge.

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 (013
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 lrrigation District Lateral 6 SO
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 lIrrigation 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
080.3 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 {rrigation 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)
063.4 New Jerusalem Tile Drain T
062.0 RD 2075 Drain ’ S
0586.1 Mossdale Bridge at Interstate 5 (Site I)

*LEGEND

S Surface Agricultural Drain

T Subsurface Agricultural Drain
N Natural Stream

O Operational Spillage




1986 WY they were above average. The 1988 WY, presented in this report, was also
below average. Both the WYs 1987 and 1988 were classified as critical years as
described in James, et al., 1988. The 1988 WY is one of the few instances where
a critical year has followed another critical year.

METHODS

The Regional Board monitoring program for the San Joaquin River began in May 1985
and was continued through the 1988 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 88, the sampling frequency
was increased for four of the nine sites to biweekly or weekly. A1l samples were
analyzed for total recoverable selenium, boron, chloride, sulfate, total
alkalinity, and EC. Selected samples were also analyzed for molybdenum. All
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 laboratory. 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 88 followed a consistent
pattern along the San Joaquin River study area. The lowest concentrations
generally occurred at the upstream study end point at Lander Avenue while the
highest concentrations occurred just downstream at Fremont Ford and Hills Ferry
Road, which are Tlocated below the Salt Slough and Mud Slough 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 and WY 87 (James, et al., 1988).

Results of water quality analysis for minerals and trace elements are listed by
site in Appendix A, Tables 1A-9A. The ranges and median concentrations at each
site for selected mineral constituents and selenium and boron are shown in Table
2.

The ranges and median values at each monitoring site are graphically represented
for EC, chloride, sulfate, boron, molybdenum, and selenium in Appendix B, Figures
1B through 6B, respectively. 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

6
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Ferry Road site the Merced River inflows and dilutes the river so 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 located
between the Merced and Tuolumne Rivers and their concentrations are essentially
the same. 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 concentrations 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
Clifton and Gilliom, 1988.

The Hills Ferry Road site had the highest median EC (1710 umhos/cm), boron (1.4
mg/L), sulfate (280 mg/L) and selenium (10 pg/L) values. These values are
generally only slightly higher than those at Fremont Ford. The highest median
values for molybdenum (16 ug/L) occurred at the Lander Avenue site which is
upstream of the discharge of tile drainage. Because of the very dry conditions
in WY 88, flow at the Lander Avenue site was low. James, et al., 1989 stated
that flow at this point in the river is often made up of only ground water
seepage into the river. The high median molybdenum concentration in this flow
and the very low median selenium concentration shown at the same time suggests
that ground water seepage from the basin trough areas (Deveral, et al., 1984 and
Chilcott, et al., 1988) may be occurring. During previous years (James, et al.,
1988), median quality at this site was comparable to that at Vernalis. However,
the dry WY 88 conditions have produced a change including higher median EC levels
and molybdenum concentrations and lTower median selenium and boron concentrations
at Lander Avenue as compared to the Vernalis site.

Following a trend noticed in the 1986-87 WY data (James, et al., 1988), EC and
boron values are generally their highest during the drier water years (including
WY 88). EC and boron values for the critical 1987 and 1988 WYs were routinely
higher than they were during the wet 1986 WY. As shown by James, et al., 1988
at the Hills Ferry Road site during the wet 1986 WY, the median EC value was 1100
umhos/cm (Table 3). The median EC value increased in the critical 1987 WY to
1720 pmhos/cm. During the critical 1988 WY, EC values were even higher, ranging
from 1380 to 3100 umhos/cm with a median of 1990 umhos/cm. Boron values followed
the same trend. During the wet 1986 WY, at Hills Ferry the median boron value
was 0.91 mg/L (Table 3). 1In the critical 1987 WY and 1988 WY, the median values
were 1.6 mg/L and 1.7 mg/L, respectively. This trend was observed at all of the
monitoring sites.

Selenium concentrations at the Hills Ferry site followed the same general trend
observed for EC and boron with the highest concentrations occurring during the
critical 1987 and 1988 WYs with median values for WY 1986, WY 1987 and WY 1988
being 4.0 pg/L, 11 ug/L, and 10 ug/L, respectively. Similar trends were observed
at downstream sites. Figures 6 and 7 show the selenium concentrations with time
for the various 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, the time of year patterns
remain the same regardless of the water year type. One possible explanation for
this relationship is that during times of low streamflow, as found in critical
water years, agricultural drainage water makes up a larger proportion of the San

8



Water Year 1988

32 Crows Londing, Hills Farry, Alrport Way

3 -
28 -
2.6
2.4 =
2.2-

2-
1.8 -

e " =
1.4 - - el 5 - -

1.2 - . . : he

(mg/L)

1 - -~ C ol " -
0.8 - " :
0.6
0.4

0-2 i 1] ] ] [ ] ¥
OCT JAN APR AUG oCcT

O Crowe Londing +  Alrport Way ; ¢  Hille Ferry

Figure 3. Boron concentrations at three monitoring sites along the lower
San Joaquin River in Water Year 1988 (October 1987 through
September 1988).



Conductivity (umhee/cm)
(Theusande)

Water Year 1988

Crows Landing, Hills Ferry, Airport Way

1 %]

aoe i ] []

ocT

O Crows Landing

Figure 4.

¥ ¥ T
JAN APR AUG

+  Arport Way <

Hille Ferty

OCT

Electrical conductivity at three monitoring sites along the lower
San Joaquin River in Water Year 1988 (October 1987 through

September 1988).

10



Water Year 1988
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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.

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 values 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 fiows
have a diluting effect on the water quality of the river. The Crows Landing site
shows a steady increase 1in 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 longer 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 seasons
are shown in Figures 3-5. Figures 6 and 7 show that the peak and Tow selenium
concentration periods occurred at approximately the same time each year during
the 1986-1988 water years.

The existing water quality guidelines and criteria for the protection of
beneficial uses are shown in Table 5. 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 1988 WY median selenium values from Fremont Ford (12 ug/L) to Maze Road
(Highway 132) (5.1 ug/L) exceed the EPA ambient water quality criteria of 5 ug/L
for the protection of freshwater aquatic 1ife. 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.

The total recoverable trace element concentrations for copper, chromium, nickel,
lead and zinc were only determined at the Hills Ferry Road site. Extreme total
recoverable chromium values at the Hills Ferry Road site have exceeded the EPA
ambient water quality criteria of 11 ug/L hexavalent chromium for the protection
of fresh water aquatic 1ife, but the median values are well below this level.
Acid-soluble hexavalent chromium levels were not evaluated in this study, but
are expected to be lower than total recoverable chromium.

Median and maximum total recoverable nickel and zinc values were all below the
EPA guideline for the protection of freshwater aquatic 1ife. The median and
maximum value for total recoverable copper slightly exceeded the EPA guideline
of 5.4 ug/L for protection of freshwater aquatic life.
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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 for irrigation, but these extreme values occurred during the
nonirrigation season.
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APPENDIX A

Mineral and Trace Element Concentrations
for Sites Along the Lower San Joaquin River
in Water Year 1988
(1 October 1987 to 30 September 1988)
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Lander Avenue (Hwy. 165)
Fremont Ford (Hwy. 140)
Hills Ferry Road

Crows Landing Road

Las Palmas Avenue
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Maze Blvd. (Hwy 132)
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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 1988.

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 €l sS04 CO3 HCcO3 T.Alk Temp
uthos/cm  ...Ug/L.cc  cencsnssasnacass MA/Levonnaanannannn

10/01/87 1235 7.8 357 0.4 3 0.04 24 13 100 75
10/15/87 1010 6.9 318 0.2 3 0.03 28 13 80 66
11/03/87 1215 8.8 1150 0.4 18 0.19 180 68 260 260 62
11/17/87 1210 8.2 1504 0.3 22 0.27 220 82 0 29 290 55
12/01/87 1315 7.8 940 1.4 4 0.26 150 71 0 120 120 52
12/14/87 1130 8.1 1080 1.1 6 0.26 150 90 0 180 180 42
01/05/88 1245 1150 5 0.47 110 150 0 180 180 47
01/15/88 1100 8.1 900 0.24 98 64 0 190 190 50
01/27/88 1750 8.0 1000 1.0 0.16 130 62 0 210 210 51
02/16/88 1155 8.4 1200 1.4 0.33 170 120 0 200 200 54
03/02/88 1130 8.3 1700 0.8 0.30 270 120 <1 280 280 60
03/09/88 1230 1150 0.4 0.20 160 9% <1 220 220 64
03/18/88 9.0 1650 0.7 12 0.28 240 130 <1 250 250 62

03/24/88 0910 7.2 1600 0.9 14 0.32 240 140 <1 240 240 60
03/30/88 1220 8.2 1650 1.1 14 0.29 250 160 <1 250 250 59
04/08/88 1555 8.6 1650 0.8 17 0.30 250 130 <1 260 260 64

04/15/88 1125 2100 0.7 18 0.30 230 110 <1 270 270 62
04/22/88 1050 8.1 700 0.4 4 0.10 82 55 0 130 130 63
04/28/88 8.7 %00 1.2 4 0.20 120 76 <1 140 140 66

05/05/88 1430 8.4 1200 0.7 11 0.30 170 100 <1 190 190 62
05/19/88 1055 8.5 1600 0.5 15 0.30 280 140 <1 200 200 73
05/25/88 1625 8.5 1700 0.6 16 0.30 270 120 <1 270 270 82
06/01/88 1225 8.1 1550 0.6 15 0.30 230 120 <1 230 230 7
06/06/88 1300 7.2 1700 1.1 16 0.30 300 130 <1 250 250 72
06/13/88 1330 8.1 1850 0.6 18 0.30 280 130 <1 310 310 81
06/23/88 1030 7.4 1900 0.3 15 0.30 330 150 <1 250 250 76

06/29/88 8.2 2050 0.5 18 0.30 350 150 <1 270 270 73
07/06/88 1430 9.0 2060 0.6 19 0.40 380 170 ‘ 230 230 80
07/13/88 1055 8.7 1750 0.7 14 0.30 320 170 170 170 79
07/20/88 0945 8.7 1750 0.6 16 0.40 330 170 150 150 81
07/27/88 1025 8.6 1900 0.8 19 0.40 290 150 230 230 86
08/01/88 8.4 1800 0.5 19 0.36 300 140 270 270 83
08/09/88 8.5 1700 0.8 17 0.32 270 140 <1 240 240

80
08/16/88 1135 8.9 1700 0.5 16. 0.30 300 150 <1 170 170 7
08/23/88 1015 8.0 1430 0.9 15 0.31 290 150 <1 130 130 7

83

09/01/88 1300 1510 0.5 11 0.29 290 140 <1 160 160

09/08/88 1415 1490 0.8 15 0.33 250 130 180 180 80
09/15/88 1330 1400 0.8 16 0.31 210 120 180 180 73
09/20/88 1205 1500 0.7 18 0.28 240 110 <1 220 220 68

09/29/88 1050 8.2 1550 0.6 21 0.29 260 100 <1 260 260 70

Min 6.9 318 0.2 3 0.03 24 13 <1 120 80 42
Med 8.2 1550 0.7 15 0.30 240 120 <t 230 220 70
Mean 8.2 1417 0.7 14 0.27 221 113 <1 217 207 68
Max 9.0 2100 1.4 22 0.47 380 170 <1 310 310 86
Count 33 40 38 35 40 40 40 30 38 40 40



Table 2A ..... Mineral and Trace Element Water Quality Data for San Joaquin River
at Fremont Ford (site Index B) (MER538) for Water Year 1988.
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, 5.4 mi. NE of Gustine. River mile 125.2.
Date Time pH EC Se B cl S04 €03 HCO3 T.Alk Temp
umhos/cm Ug/L  .iveerncnmenniunanan 11
10/01/87 1250 7.8 1640 8.8 1.1 260 270 160 76
10/15/87 0955 6.9 1260 1.3  0.41 180 150 140 63
11/03/87 1200 8.3 1850 4.7 1.9 280 330 0 170 170 57
11/17/87 1140 8.0 1966 7.5 1.7 290 360 0 180 180 54
12/01/87 1300 7.8 2340 7.6 1.8 320 410 0 190 190 53
12/14/87 1110 7.9 2870 8.2 2.3 420 510 0 220 220 40
01/05/88 1230 2950 16 2.6 390 540 0 200 200 50
01/15/88 1020 7.7 2850 17 2.7 390 660 0 210 210 50
01/28/88 1310 2850 2.1 410 500 0 230 230 54
02/16/88 1135 8.2 2700 23 2.8 360 620 0 180 180 54
02/24/88 8.1 2700 2.8 340 570 0 180 180 59
03,/02/88 1115 8.1 2100 14 1.9 260 390 <1 160 160 58
03/09/88 1215 2150 14 1.8 280 450 <1 180 180 60
03/18/88 8.6 2200 12 1.8 270 390 <1 170 170 62
03/24/88 0930 7.3 2350 14 2.1 310 460 <1 180 180 60
03/30/88 1200 8.0 2500 20 2.4 330 520 <1 180 180 58
04/08/88 1620 7.8 2650 19 2.6 360 520 <1 190 190 63
04/15/88 1110 2100 18 1.8 270 380 <1 160 160 60
04/22/88 1110 7.8 1750 9.8 1.2 240 280 0 160 160 61
04/28/88 8.1 1900 12 1.6 250 360 <1 150 150 65
05/05/88 1410 8.0 2350 14 2.4 310 500 <1 160 160 62
05/11/88 1220 7.7 1700 9.9 1.6 250 370 <1 160 160 67
05/19/88 1040 8.0 1950 12 1.6 260 390 <1 160 160 70
05/25/88 1610 7.9 1800 8.8 1.4 250 310 <1 150 150 77
06/01/88 1215 7.9 1550 7.2 1.2 190 260 <1 140 140 72
06/06/88 1240 7.0 1650 8.4 1.6 220 300 <1 150 150 69
06/13/88 1315 7.8 1950 12 1.8 200 340 <1 150 150 76
06/23/88 1045 7.5 1850 11 1.8 250 360 <1 140 140 75
06/29/88 8.0 1900 11 1.9 250 350 <1 150 150 67
07/06/88 1450 8.7 1800 13 1.7 250 360 <1 140 140 78
07/13/88 1040 7.9 2050 14 2.1 250 380 140 140 76
07/20/88 1000 8.2 2250 17 2.4 280 450 140 140 79
07/27/88 1010 8.1 2200 14 2.2 260 400 150 150 82
08/01/88 8.1 2000 15 1.9 250 360 <1 140 140 80
08/09/88 8.1 1750 1" 1.5 220 300 <1 140 140 78
08/16/88 1120 8.3 1800 12 1.7 240 330 <1 140 140 73
08/23/88 1000 7.7 1640 13 1.7 240 340 140 140 75
09/01/88 1245 1750 12 1.5 250 320 <1 150 150 82
09/08/88 1355 1920 14 1.8 260 360 <1 140 140 78
09/15/88 1310 1700 1" 1.2 240 290 <1 140 140 72
09/20/88 1215 1600 8.6 1.2 230 260 <1 140 140 66
09/29/88 1035 7.8 1560 8.2 0.98 230 250 <1 140 140 68
Min 6.9 1260 1.3 0.41 180 150 0 140 140 40
Med 8.0 1950 12 1.8 250 360 <1 150 150 67
Mean 7.9 2042 12 1.8 274 382 <1 162 162 66
Max 8.7 2950 23 2.8 420 660 <1 230 230 82
Count 34 42 40 42 42 42 36 40 42 42
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Table 4A ..... Mineral and Trace Element Water Quality Data for San Joaquin River
at Crows Landing Road (site Index D) (STC504) for Water Year 1988.

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 ClL sS04 CO03 HCO3 T.Alk Temp
uthos/cm  ...UZ/L..e cevecanacnnes R 1 4

10/01/87 1410 7.6 1180 2.9 4 0.61 160 150 160 74
10/15/87 0900 6.6 1190 0.8 4 0.46 150 120 160 . 62
11/03/87 1030 8.1 1400 3.0 5 1.0 220 200 0 160 160 57
11/17/87 1020 7.6 1252 2.6 4 0.79 170 190 0 140 140 54
12/01/87 1120 7.4 1420 2.8 4 0.89 190 240 0 140 140 51
12/14/87 1010 7.7 1680 2.9 6 1.1 210 260 0 170 170 42
01/05/88 1055 1700 5.2 6 1.2 220 280 0 160 160 49
01/15/88 1250 7.8 2000 7.8 1.6 240 380 0 180 180 50
' 01/28/88 1515 1850 6.1 1.4 230 0 180 180 55
01/28/88 1215 1850 7.8 1.4 240 300 0 180 180 54
02/16/88 1030 8.1 1950 12 1.6 250 380 0 170 170 56
02/19/88 1615 7.7 2000 12 1.7 250 400 170 170 56
02/24/88 7.7 2000 1.7 250 370 0 170 170 59
03/02/88 1000 7.7 1750 8.4 1.4 230 300 <1 150 150 57
03/09/88 1040 1750 8.8 1.4 240 330 <1 170 170 60
03/18/88 8.0 2000 7.9 7 1.7 240 320 <1 190 190 61
03/24/88 1035 7.5 1950 7.4 5 1.7 250 310 <1 220 220 64
03/30/88 1040 8.0 2150 10 7 2.0 310 400 <1 220 220 58
04/08/88 1245 8.0 1850 6.5 5 1.4 230 310 <1 170 170 61
04/15/88 1015 1650 8.5 5 1.2 190 260 <1 160 160 60
04/22/88 1440 7.9 1500 7.5 6 1.0 170 230 0 150 150 63
04/28/88 7.8 1450 6.3 5 1.0 160 250 <1 160 160 71
05/11/88 1320 7.6 1300 5.6 6 1.0 170 250 <1 140 140 72
05/19/88 0940 7.7 1600 6.5 6 1.1 210 300 <1 150 150 66
05/25/88 1510 7.9 1300 4.8 5 0.9 160 200 <1 140 140 74
06/01/88 1035 8.0 1200 5.6 3 1.0 140 200 <1 140 140 72
06/06/88 1130 7.1 1300 - 6.0 4 1.1 160 220 <1 140 140 68
06/13/88 1225 7.7 1600 7.7 5 1.4 160 250 <1 150 150 74
06/23/88 1345 7.5 1550 8.2 6 1.2 200 280 <1 160 160 78
06/29/88 7.9 1500 7.0 3 1.3 170 250 <1 150 150 68
07/06/88 1545 8.4 1480 7.4 5 1.3 200 260 110 126 78
07/13/88 1000 7.2 1750 8.9 6 1.5 220 320 <1 170 170 76
07/20/88 1300 8.2 1850 9.2 5 1.5 240 340 160 168 82
07/27/88 1135 1710 7.7 4 1.3 220 280 150 158 82
08/01/88 8.4 1650 8.3 6 1.4 210 290 <1 170 170 79
08/09/88 8.0 1550 7.4 & 1.2 180 240 <1 150 150 78
08/16/88 1015 8.1 1550 8.7 4 1.2 210 260 290 294 73
08/23/88 1110 7.8 1320 7.0 4 1.1 170 220 130 136 78
09/01/88 1115 1560 7.4 5 1.1 230 260 <1 170 170 79
09/08/88 1250 1620 7.6 5 1.2 230 270 160 168 75
09/15/88 1215 1550 6.6 4 0.95 210 240 150 165 71
09/20/88 1440 1550 6.3 5 1.0 190 200 <1 170 170 68
09/29/88 1155 8.1 1500 6.8 5 0.8 220 230 <1 160 160 68
Min 6.6 1180 0.8 3 0.46 140 120 <1 110 126 42
Med 7.8 1600 7.4 5 1.2 210 260 <1 160 160 68
Mean 7.8 1617 6.8 4.9 1.2 206 270 <1 164 165 66
Max 8.4 2150 12 7 2.0 310 400 <1 290 294 82
Count 33 43 42 35 43 43 42 33 41 43 43



Table 5A ..... Mineral and Trace Element Water Quality Data for San Joaquin River
north of Las Palmas Avenue (site Index E) (STC507) for Water Year 19

Location ..... Latitude 37 29'52", Longitude 121 04'54". In SW 1/4, NW 1/4, SW 1/4,
Sec. 15, T.5S., R.8E. West bank, 0.3 mi. N of Las Palmas Bridge at
NE corner of Las Palmas Launching Facility parking lot, 3.2 mi. NE
of Patterson. River mile 98.6.

Date Time pH . EC Se B clL S04 CO3 HCO3 T.Alk Temp
umhos/cm UG/L  s.ececnanncacasncen 11" 4
10/01/87 1430 7.6 1230 3.1 0.64 180 120 160 75

11703787 1015 8.0 1400 3.0 3.0 210 200 0 160 160 58
12/01/87 1050 7.4 1430 3.4 0.81 200 190 0 150 150 51
12/14/87 1040 7.8 750 2.0 0.48 7 85 ] 110 110 54
01/05/88 1040 1700 6.0 1.1 220 260 0 160 160 49
01/28/88 1150 1900 6.3 1.4 250 340 0 190 190 52
02/19/88 1555 7.8 1900 9.1 1.5 250 360 170 170 55
03/09/88 1020 1600 8.5 1.3 230 320 <1 170 170 60

03/30/88 1020 7.9 2150 8.6 1.8 300 370 <1 210 210 58
05/05/88 1215 7.8 1600 6.9 1.0 180 270 <1 150 150 62
06/01/88 1010 7.9 1300 5.4 1.0 160 200 <1 150 150 69

06/29/88 7.8 1600 6.9 1.3 200 280 <1 170 170 68
08/01/88 8.1 1800 7.8 1.3 230 290 <1 180 180 77
09/01/88 1050 1650 5.8 0.99 240 270 <1 180 180 78
Min 7.4 750 2.0 0.48 7 85 0 110 110 49
Med 7.8 1600 6.2 1.2 215 270 <1 165 165 59
Mean 7.8 1572 5.9 1.3 209 254 <1 165 165 62
Max 8.1 2150 9.1 3.0 300 370 <1 210 210 78
Count 10 14 14 14 14 14 12 13 14 14



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 198

Location ..... Latitude 37 331434, Longitude 121 09'03", In NW 1/4, SE 1/4, NW 1/4,
Sec. 25, T.4S., 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 ct S04 co3 HCO3 T.Alk Temp
unhos/cm UG/L  teviiveasceasnsnas M3/Levuceecensannnnasn
10/01/87 1445 7.9 1300 2.9 0.66 190 170 160 73

11/03/87 0955 8.0 1350 2.5 0.93 210 190 0 170 170 58
12/01/87 1030 7.4 1490 2.4 0.76 190 190 0 160 160 51
01/05/88 1015 1700 4.8 1.0 220 260 0 170 170 49
01/28/88 1125 1900 6.0 1.4 250 300 0 200 200 53
03/09/88 1000 1700 8.5 1.3 230 320 <1 170 170 60

03/30/88 0955 7.8 1950 7.9 1.5 280 320 <1 210 210 56
05/05/88 1150 7.8 1650 6.7 1.0 180 270 <1 160 160 62
06/01/88 0950 7.9 1300 5.3 0.9 160 200 <1 150 150 68

06/29/88 7.8 1450 6.7 1.1 170 240 <1 150 150 70
08/01/88 8.0 1650 7.1 1.2 230 260 <1 180 180 76
09/01/88 1015 1500 5.5 0.9 230 230 <1 170 170 76
Min 7.4 1300 2.4 0.66 160 170 0 150 150 49
Med 7.9 1575 5.8 1.0 215 250 <1 170 170 61
Mean 7.8 1578 5.5 1.0 212 246 <1 172 17 63
Max 8.0 1950 8.5 1.5 280 320 <1 210 210 76
Count 8 12 12 12 12 12 1 1 12 12

AT



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 1988.

Location ..... Latitude 37 38'31%, Longitude 121 13'40". In SW 1/4, NW 1/4, 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 B ct S04 €03 HCO3 T.Alk Temp
umhos/cm UG/L .cuiciiuncncannaans 11 1 4
10/01/87 1510 7.9 1010 2.2 0.48 140 110 150 74

11/03/87 0935 7.8 1100 2.3 0.64 160 130 0 140 140 58
12/01/87 1005 7.4 1110 1.9 0.54 150 140 0 140 140 50
01/05/88 0955 1350 3.4 0.74 160 180 0 150 150 48
01/28/88 1100 1600 5.1 1.1 190 230 0 180 180 52
02/19/88 1105 7.7 1550 6.5 1.1 180 240 160 160 52
03/09/88 0945 1400 6.0 1.0 170 240 <1 150 150 60

03/30/88 0940 7.9 1500 5.5 1.1 210 250 <1 180 180 57
05/05/88 1130 7.8 1450 5.1 0.9 180 220 <1 170 170 62
06/01/88 0930 7.8 1250 4.5 0.8 160 180 <1 160 160 69

06/29/88 7.6 1400 5.8 1.0 170 210 <1 160 160 67
08/01/88 8.0 1450 5.2 0.9 190 190 <1 160 160 ™
09/01/88 1000 1400 4.1 0.8 200 180 <1 160 160 75
Min 7.4 1010 1.9 0.5 140 110 0 140 140 48
Med 7.8 1400 5.1 0.9 170 190 <1 160 160 60
Mean 7.8 1352 4.4 0.9 174 192 <1 159 158 61
Max 8.0 1600 6.5 1.1 210 250 <1 180 180 75
Count 9 13 13 13 13 13 11 12 13 13



Table 8A ..... Mineral and Trace Element Water Quality Data for San Joaquin River
at Airport Way (site Index H) (SJC501) for Water Year 1988.

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 sS04 Co3 HCO3 T.Alk Temp
uthos/cm  ...ug/L... coeves weensan IR - 7
10/01/87 1535 7.9 855 1.8 2 0.38 110 as 130 72
10/15/87 0810 . 147 0.8 3 0.28 88 73 120 62
11/03/87 0920 7.8 960 2.0 3 0.56 140 100 0 130 130 58
11/17/87 0945 7.0 886 1.8 2 0.47 120 110 0 120 120 54
12/01/87 0940 7.3 930 1.7 3 0.44 130 120 0 120 120 50
12/14/87 0930 7.2 1100 1.6 4 0.56 140 140 0 140 140 43
01/05/88 0935 1200 3.1 4 0.62 140 160 0 150 150 48
01/15/88 1330 7.8 1300 3.3 0.80 160 190 0 150 150 51
01/28/88 1045 1450 0.94 170 190 0 160 160 52
02/16/88 0940 7.9 1400 6.5 0.95 160 220 0 150 150 56
02/19/88 1000 7.6 1350 6.5 0.94 170 220 150 150 59
02/24/88 7.8 1450 0.93 170 190 0 150 150 59
03/02/88 0930 7.4 1000 4.0 0.64 110 150 <1 110 110 56
03/09/88 0925 900 3.7 0.60 110 140 <1 100 100 57
03/18/88 900 2.9 2 0.61 98 110 <1 110 110 57
03/24/88 1120 7.4 850 3.4 2 0.60 110 120 <1 110 110 60
03/30/88 0920 7.7 800 2.8 2 0.52 100 100 <1 100 100 56
04/08/88 1140 7.7 750 2.2 2 0.4 92 94 <1 98 98 59
04715/88 0930 650 2.4 2 0.40 70 78 <1 88 88 60
04/22/88 1215 8.0 850 3.2 2 0.50 87 110 0 100 100 66
04/28/88 7.9 650 2.5 2 0.40 65 83 <1 85 85 66
05/05/88 1110 7.6 850 2.6 2 0.40 91 110 <1 100 100 62
05/11/88 1440 7.8 700 2.4 3 0.40 87 110 <1 100 100 65
05/19/88 0855 7.3 750 2.0 2 0.40 96 100 <1 100 100 66
05/25/88 1000 8.0 750 2.1 2 0.40 92 92 <1 100 100 66
06/01/88 0915 7.7 800 2.6 2 050 92 98 <1 110 110 68
06/06/88 1050 7.0 800 2.4 2 0.50 95 96 <1 100 100 63
06/13/88 1130 7.7 900 3.4 2 0.60 100 120 <1 120 120 72
06/23/88 1610 7.9 750 2.2 2 0.40 <1 84 84 74
06/29/88 7.4 900 3.1 1 0.60 98 120 <1 110 110 66
07/06/88 1630 8.4 890 3.2 1 0.50 120 120 <1 110 110 76
07/13/88 0900 1050 4.0 2 0.70 150 150 <1 120 120 72
07/20/88 1630 8.3 900 2.7 2 0.50 <1 100 100 79
07/27/88 1215 815 2.7 2 0,50 110 110 <1 100 100 78
08/01/88 8.0 950 3.2 2 0.56 120 120 <t 110 110
08/09/88 7.6 950 3.4 1 0.55 120 120 <1 110 110 71
08/16/88 0920 8.4 950 3.5 2 0.55 . 130 130 <1 110 110 70
08/23/88 1700 900 3.4 2 0.57 130 130 <1 120 120 75
09/01/88 0940 840 2.9 2 0.44 120 100 <1 96 96 3
09/08/88 1200 910 2.8 3 0.47 120 110 <1 110 110 71
09/15/88 1130 850 2.4 2 0.43 120 110 <t 100 100 67
09/20/88 1750 850 2.7 2 043 120 110 <1 92 92 65
09/29/88 1230 8.5 940 2.3 2 039 140 110 <1 120 120 68
Min 7.0 650 0.8 1 0.28 65 73 0 84 84 43
Med 7.7 900 2.7 2 050 120 110 <1 110 110 65
Mean 7.7 930 2.9 2.2 0.53 17 123 <1 113 114 64
Max 8.5 1450 6.5 & 0.95 170 220 <t 160 160 79
Count 30 43 41 36 43 41 41 40 41 43 42
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APPENDIX B

Maximum, Minimum and Median Concentrations
for Selected Mineral and Trace Elements
for Sites Along the Lower San Joaquin River
in Water Year 1988
(1 October 1987 to 30 September 1988)
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IBaA IS1EM [BOID B ‘86| JBBA Jo1eA) Jo) suswainsesiy AuAonpuO) [eol308|T 4ol uinbeop ueg gl "Bl

abpug s[epssop
Aepy uodiy

‘PAIG 8ZEN
peoy uosiein

Buipue smoin
Ausd siiH

pio4 uowWaid

wwdodr
<moan

sewed se anusAy Japuen

SN Y3AIY

ovli oel oclt oLl ool 06 08 0L 09 0Ss
v 1 g 2 1 a .m d 1 2] H L 1 .

P
o

L0001
wnwjuy

- (e1)
Uelpan (e1) (ev)

- -+ .00032
- L (1)

wnwixep (ov) (ev) (71)

suoiieAlasqQ Jo ‘oN (0g)

-~ Loooe
(c¥)

>
=

—~
-
<
~—

uybnois Jjes >

ybnojs pniy

JoNY pedlapy
JoAlY auwnjon) —
iaAly snesjuels |—p»

{waysoywr) ALIAILONANOD T¥OIHLOATA
B-1



Wwnwiuin

uespajy

wnwixen
suoieAsesqQ jo ‘oN  (02)

JBa A JBIEM |BOIID B {886 | ieBA JB1eAA 10} SJUSWBINSEa apLoYD JeAlY uinbeop ueg gz "6i4
abpug ojepssop i
Aep uodity H Buipue] smoin a
‘pAg 8ZEN D Ausd siiiH g9
peoy uosfery o piod wowsal4 g
sewed se1 g onuaAY Jepuet] Y
STTN HIAAM
ovli oectl oct ot oot 08 0L 09 0s
\ o) a .9 H o
H (iv) (1)
(ev)
(ev)
(o¥)

(iv)

ybno(s 1es >

ybnojg pny ——B

19A)Y paslay f—p

JaAaly suwnjon} ——#>
JoAld SNEISWEIS |

oog

009

006

(1/6w) 3QIHOTHD

B-2



WNWU

uelpajy

wnwixen
suogealasqQ §o ‘oN (02)

"Jea )\ JolepA [BOIIID) B ‘886 | JeaA JoIBA\ 10} SlUSWaInses|y alelng JsAlY uinbeop ueg  ‘ge “Biy

abpug ajepssop
Aepy Moday
‘PMg BZeN
peoy uosAeln

selued se

wuwdx

ovli ogl

vV __

g

oclt

STTN HIAIY

ol

a

ool

3

Buipue smoiQ
Ausd siH
plod juowalq

<moOn

8NnUBaAY Japuen

06 o8 0L
m L 0 —l_ 1

09

0g

e 2

(o¥)

.

(ey)

(1)

(ev)

(#1)

(1) (1v)

(1)

(e1)

L 00€

. 009

. 006

ybnojs ijes

ybnojg pny 8>

JaAl padlapy

JaAlY auwinjon)
JoMY snejsiuels  ——ype

(/Bw) 3LvdIns

B-3



wnwiuipy

uelpapy

wnwixep
suogeasasqp jo 'oN (02)

"JB9A 191BM [EOINID B !886 | JBBA Jolep) 10} sluswalnsealy uoiog JaAlY uinbeop ues gy "Bi4

abpug ajepsso
Aepn llodiy
‘PAIG BZBN
peoy uosAein)

seuwed se

w wor _

ovli ogtl

<

oclt

STTUW HIAIH

oLl

a

00t

3

Buipue] smoin
Auag sifiH
piod juowsaiq

<moOANn

anuaAy Jopue

06 o8 0L

4 , © H

0S

(o)

(2y)

.

| <
~

(ev)

(v1)

(ev)
(e1)

(c1)

(1)

ybnoig jes —#

yénois pniy
I18AIH pasien

JBAlY suwnjon) |——
JBAIlH Shejsiuels j——p»

(vbw) Nodosg

B-4



wnwiuiy

ue|psiy

wnwxep

suogealesqQ jo 'oN (02)

“Iea A 191\ (201D B (886 | 1eB A JBIBM 40} SiUslsinsesiy Wniusjes lsay uinbeop ueg g "Bl

obpug sjepssop I
fem wodiy H Bupue] smo1d g
‘pPAig oZey O Aued slH o
peoy uosfein 4 plod uowald g
sewjed se1 3 anuaAy Japuet Y
SN H3AIE
ovl oet ozt oLt oot 06 08 0L 09 0§
v g ) 4a 3 F| L 9 H . |
ES — NYy- 0
(ov)
en) (v (€1) oL
= (1) B
- (v1)
(2%)
L | 02
(1v)
(oy)
L o¢

ybnois 1jes

ybnojgs pny  p—=
Janly pedispy |—

JOAH auwn(on)  |fee——pp»
1oAY snejsiuels  ——p

(/67) WnIN3T13S

B-5



Wntuty

uejpap

winwixepw
suonealasqQ Jo 'oN (02)

"les A Jslep [eONUD B ‘886 L Jes A JBlep) 10} sluswainses)y wnuspgkjopy JealY uinbeop ueg gg "Bi4

abpug sjepsson
Aepy yodiy
‘PAIg 8ZeN
peoy uosfein

seuied se

wwor

ovi oe}

v

oct

STTN HIAM

0Lt

a

ool

3

06

Buipue] smoin
Ausg siiH
pio4 juowaiq

<mon

anuaAy Japue

(U]
X
-

(s¢e)

(og)

f

(se)

ybnoig g

ybnojg pny  —»>

JoAlY pasleiy

JaAlY suwnjon} >
JaAlY SNe|s|uelS  |f——pp

ol

0c

0t

(1/67) WNN3IagaAT1oOn

B-6






