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water. Selenium concentrations vary greatly between drainage systems, from
tens to thousands of micrograms per liter, but tend to be relatively consistent
over time in drain water from a particular system and are correlated with
drain-water salinity. The exception to their consistency over time is the
first 1 to 5 years of drainage~-system operation, when concentrations tend
to be the highest and most variable. There are no clear seasonal patterns
common to all systems in the area. The low temporal variability of selenium
concentrations in water from existing mature drainage systems underscores
the fact that drainage systems withdraw ground water, which tends to be of
relatively constant chemical character over time in a particular place.

The high variability in selenium concentrations between existing drainage
systems reflects the high spatial variability in shallow ground-water concen-
trations, the ages of the drainage systems, and variable hydrologic conditions
at individual fields. Concentrations in drain water from existing systems in
Coast Range alluvial sediments are not predictable from a regionalized assess-
ment of shallow ground-water concentrations derived from observation-well data,
however, the age of the drainage systems explained a significant part of the
variance in median selenium concentrations. Studies of individual drained
fields show how local water-table history, geohydrologic conditions, irrigation
history, and drainage-system design can markedly affect the type of water that
is removed by the drains. The highest selenium concentrations in ground water
occur at varying depths below the water table in different areas. The design
of a drainage system and local geohydrologic conditions determine the contribu-
tions of water from different depths to drain-water flow. These factors vary
greatly between fields and are key reasons why the variability in selenium
concentrations between drainage systems is so high.

Mobility of Soil Selenium

Soils are a source of selenium to shallow ground water where irrigation
occurs. Readily soluble forms of selenium in present-day soils, predominantly
selenate, are only a small fraction of the total selenium content, but the
quantities of soluble selenium are substantially different between soils in
different fields and at different depths. Forty-five years of irrigation,
combined with 15 years of water-table control by a drainage system, resulted in
highly leached soils throughout the unsaturated zone in a field drained for 15
years. Irrigation water infiltrating through these soils to the water table
probably attains selenium concentrations in the range of 10 to 50 ug/L. 1In two
fields irrigated for just as long, but drained for less than one-half the
amount of time, saline soils with substantial quantities of soluble selenium
were found at the 3-foot depth, even though the near-surface soils were highly
leached. Water percolating through soils of these two fields still contains
selenium concentrations greater than 100 ug/L.

Although dissolution of readily soluble soil salts is the primary mecha-
nism of selenium release from saline soils, other mechanisms seem to be more
important in highly leached soils. Selenium is correlated with salinity in
soil-extract solutions for soils that have substantial quantities of soluble
selenium, but such a correlation is not evident for highly leached soils with
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little remaining soluble selenium. Saturation extracts of highly leached soils
contained a substantial proportion of selenite, whereas selenate dominates in
extracts of more saline soils. Processes such as sorption reactions involving
selenite, dissolution of soil minerals, and release of organic selenium may
control the movement of selenium from unsaturated soils after the most soluble
salts have been leached.

Sources and Concentrations of Selenium in the San Joaquin River

Drain water from about 77,000 acres of tile-drained farmland eventually
flows to the San Joaquin River. Flow of drain water to the river occurs mainly
through two tributaries, Salt and Mud Sloughs. Concentrations of selenium in
water from individual drainage systems that discharge to waterways that eventu-
ally reach these sloughs or smaller tributaries ranges from less than 10 to
4,000 ug/L, with mixtures of these waters in larger collector drains ranging
from 20 to 100 ug/L.

During October 1985 through March 1987, two relatively distinct flow
conditions occurred in the San Joaquin River: a low-flow period consisting of
October 1985 to mid-February 1986 and mid-May 1986 through March 1987, and a
high-flow period from mid-February to mid-May 1986. Of total streamflow at the
farthest downstream study site, the San Joaquin River near Vernalis, 49 percent
occurred during the 15-month combined low-flow period and 51 percent during the
3-month high-flow period.

Despite the greater quantity of streamflow during the 3-month high-flow
period, 65 percent of the selenium load during the study period occurred during
the 15-month low-flow period. During the low-flow period, Salt and Mud Sloughs
contributed almost 80 percent of the Vernalis selenium load, despite contri-
buting only 9 percent of the total streamflow, and within-reach gains or losses
of selenium were not substantial. The only major change in proportional
sources of selenium loading to the river during the high-flow period was the
increase from 3 to 20 percent of the total load from the upper San Joaquin
River because of much greater streamflow.
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During the low-flow period, median selenium concentrations were highest in
Salt Slough (5.5 ug/L) and Mud Slough (8.8 ug/L). In Mud Slough, the maximum
selenium concentration measured was 28 ug/L on July 15, 1986, and the maximum
selenium concentration measured in Salt Slough was 22 ug/L on January 21, 1987.
Median selenium concentrations in the San Joaquin River decreased from 5.2 ug/L
downstream of Salt Slough to 1.0 ug/L near Vernalis, as water with low selenium
concentrations entered the river from the eastside tributaries and other
smaller inflows.

During the high-flow period, selenium concentrations in the San Joaquin
River were lower than during the low-flow period because of greater dilution by
Sierra Nevada runoff. 1In contrast, selenium concentrations increased with the
increase in streamflow in Salt Slough. Median selenium concentrations were
highest in Salt Slough (13 ug/L) and Mud Slough (3.9 wug/L). The maximum
selenium concentration measured in Salt Slough was 20 ug/L on February 26,
1986, and the maximum selenium concentration measured in Mud Slough was 24 ug/L
on April 16, 1986,

The U.S. Environmental Protection Agency drinking-water standard of 10
Hg/L was exceeded about 10 percent of the time in the San Joagquin River just
upstream of the Merced River, and was not exceeded downstream of the Merced
River. The proposed U.S. Environmental Protection Agency aquatic-life crite-
rion of 5 ug/L for selenium was exceeded in Salt and Mud Sloughs more than 60
percent of the time. In the San Joaquin River, just upstream of the Merced
River, 5 ug/L was exceeded more than 40 percent of the time, and just down-
stream of the Merced River, it was exceeded more than 20 percent of the time.
The 5 ug/L criterion was exceeded less frequently farther downstream in the San
Joaquin River and never was exceeded at Vernalis.

The San Joaquin River contributes most of the riverine load of selenium to
the Sacramento-San Joagquin River delta, even though the Sacramento River
contributes most of the streamflow. During December 1986 to April 1987,
the San Joaquin River contributed 83 percent of the estimated total load of
selenium from both rivers. Seldom do waters of the two rivers completely mix
before flowing out of the delta to San Francisco Bay. At times, most of the
San Joaquin River flow is withdrawn from the delta, and flow through the delta
to the bay is almost entirely Sacramento River water. Selenium concentrations
in tissues of the bivalve, corbicula, which inhabits the delta, Suisun Bay, and
the San Joaquin River, indicate that selenium from the San Joaquin River does
not measurably affect the biocaccumulation of selenium in the southern delta or
Suisun Bay.

Summary 121



IMPLICATIONS FOR WATER MANAGEMENT

Although this report is based on the preliminary results of studies in
progress, these results have implications that may affect the ongoing develop-
ment of water-management alternatives for the central part of the western San
Joaquin Valley. These management alternatives are presently being developed by
Federal, State, and local water-management agencies. In most instances, the
implications are general in nature and will not be quantified until the studies
and associated simulation and empirical models are completed. These general
implications aid water managers and researchers in setting priorities for
completing studies in progress and in guiding the development of study plans
for large unstudied areas of the Tulare Lake basin, which may have similar
water-quality problems.

e The water table will continue to rise in the central western valley if
present irrigation practices continue in the absence of other changes in the
ground-water flow system.

® The rising water table, which reflects net recharge to the ground-water flow
system in excess of its capacity to discharge water, will enlarge the areas
that have a shallow water table and associated drainage problems.

e The rise of the water table can be slowed or stopped by reducing ground-
water recharge and increasing ground-water discharge.

® Ground-water recharge can be reduced by increasing irrigation efficiency,
reducing seepage losses from canals and water storage facilities, and
changing or eliminating agricultural activities in some areas to reduce or
eliminate irrigation.

® Ground-water discharge can be increased by tile drainage systems, pumping
from wells, or increasing evapotranspiration in selected areas. Although
tile drainage systems withdraw shallow ground water, which tends to have
the highest selenium concentrations, dewatering wells may allow water-
table control by withdrawal of deeper ground water that has low selenium
concentrations. Evapotranspiration may be increased in some areas by
eliminating artificial drainage and using salt-tolerant plants.

® Water-table management through removal of water from Sierra Nevada sediments
by dewatering wells may result in removal of selenium from ground water that
moves from Coast Range sediments into Sierra Nevada sediments.

® The large quantity of high-selenium ground water (50 to 1,000 pg/L) in the
general range of 20 to 150 feet below the water table makes it desirable to
use management practices that leave this water where it is, rather than
bring it to the land surface or allow it to move into parts of the aquifer
that may be used for water supply. Water-table control strategies based on
increasing ground-water discharge need to be carefully evaluated with
respect to their potential to affect the movement of water with high
selenium concentrations.
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The occurrence of ground water with 10 to 50 ug/L selenium in the upper 10
to 20 feet of the saturated zone indicates that, where evaporative concen-
tration is controlled, continued irrigation with water that has low selenium
concentration may result in a wider interval of this lower concentration
water. Drainage strategies aimed at removing this ground water near the
water table may be feasible in some areas.

The highest concentrations of selenium in shallow ground water have
developed and will continue to develop in irrigated areas where evaporative
concentration is not controlled by water-table management.

Selenium concentrations vary greatly between drainage systems, but tend
to be consistent over time in drain water from a particular system after
the first 1 to 5 years of operation. When selenium concentrations vary,
they tend to be correlated with drain-water salinity. Periodic selenium
measurements, on the order of 2 to 4 times per year, combined with frequent
specific conductance monitoring, are an effective strategy for monitoring
drain-water selenium concentrations.

If drainage flows from a particular drainage system are reduced, selenium
concentrations in drain water probably will remain relatively constant,
resulting in a decreased selenium load. However, a reduction in dilution
by low-concentration water from irrigation could lead to a gradual increase
in drain-water selenium concentration if irrigation volume is decreased. 1In
the 1long term, this may partially offset load reductions achieved by
decreasing drain flows.

Selenium concentrations in drain water from existing systems in Coast Range
alluvial sediments are not predictable from a regionalized assessment of
shallow ground-water concentrations derived from observation-well data.
Prediction of selenium concentrations for future drainage systems presents a
particularly difficult problem because of highly variable geohydrologic and
ground-water quality conditions at different sites.

Accurate predictions of selenium concentrations for new drainage systems
probably will require relatively detailed site-specific data on the depth
distribution of selenium and the local geochydrology.

Even after the most soluble forms of selenium are leached from the soil by
early irrigation, continued irrigation results in recharge to ground water
that contains lower, but still undesirably high, selenium concentrations
(10 to 50 wug/L). Therefore, long-term management alternatives must address
the continued presence of such selenium concentrations in shallow ground
water.

Continuation of present management practices will sometimes result in
selenium concentrations in the San Joaquin River and Mud and Salt Sloughs
that exceed Federal and State criterion for protection of aquatic life.

Selenium concentrations in the sloughs and the river can be decreased by
reduction of selenium loading and addition of dilution water from low
selenium sources. Conjunctive management of the timing of selenium loading
and addition of dilution water may help meet water=-quality criteria.
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