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TDS Mass Load (Tons/day)
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Delta Island Drainage

Characterization of Delta island drainage is based on over 1400 drainage samples
collected from 25 Delta islands by the Department of Water Resources, and drainage
volume estimates by the Department.

Figure 6-28 shows that TDS concentrations in island drainage tend to increase during the
wet months, probably due in large part to planned salt leaching to maintain the
productivity of the soils. Concentrations tend to be higher in dry years.

Figure 6-29 depicts computed mass loads of TDS from island drainage. Wet months tend
to be associated with greater loadings, particularly in wet years. The reader should keep
in mind the fact that TDS in island drainage is largely a function of concentration of salts
in water applied to the land by evaporation and plant transpiration. While island
activities increase TDS concentration, the mass load in the applied water may be little
affected by island operations.

Diversions

Total dissolved solids in the major drinking water diversions from the Delta are discussed
below.

North Bay Aqueduct, State Water Project

Figure 6-30 shows historical TDS concentrations and mass loads in waters of the North
Bay Aqueduct. Long-term trends of change are not apparent.

Monthly summaries, presented in Figure 6-31 indicate the months of March through May
are characterized by elevated concentrations in dry years especially. As shown in

Figure 6-32 much of the TDS loading occurs during the spring and summer months.

The distribution of TDS concentrations (Figure 6-33) shows the most frequently observed
concentrations are in the range of 200 to 250 mg/L; the most commonly observed range
of loads is 30 to 40 Tons/day (Figure 6-34).

California Aqueduct, State Water Project

Historic TDS concentrations and loads at H.O. Banks Pumping Plant are shown in
Figure 6-35, as measured by collection of discrete samples. No discernable long term
trends of change are apparent. Figure 6-36 shows TDS concentrations in dry years are
higher in all months. Elevated TDS loads, characterized by Figure 6-37, occur during the
months of January through March, and again in the summer months of dry years.
Referring to Figure 6-38, TDS concentrations are widely distributed, the majority being
found in the range of 150 to 400 mg/L. TDS loads are also widely distributed, as
indicated in Figure 6-39. The great majority of observations fall in the range of 0 to 4000
Tons/day, with excursions to greater than 7000 Tons/day.

Figure 6-40 presents historical TDS inferred from continuous recordings of specific
conductance (EC) at Banks Pumping Plant. Figure 6-41 and Figure 6-42 are frequency
distributions of concentration and mass load based on continuous recorder data. These
findings are comparable to those derived from collection and analysis of discrete
samples.

232

p—

oeriog e




€ET

)
~
(=]
E
c
2
o
s
whed
c
[
(%)
c
[o]
(&)
(2]
=2
©
n
T
(4
=
[*]
(73
2
(@]
®
f
(=}
-

1400

TDS in Delta Island Drainage

1200

1000

800 -

600 -

400 {-

200

ODry Years

744

924

687

480

All Years

657

504

580

515

M Wet Years

984

395

343

492

o Dry Years
OAll Years

WWet Years

8C-9 HUNOIA



TDS in Delta Island Drainage
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FIGURE 6-30
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TDS at SWP North Bay PP
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FIGURE 6-35
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TDS at SWP Banks Pumping Plant
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Contra Costa Water District Pumping Plant #1

Historical TDS conditions at Pumping Plant #1 are represented by Figure 6-43, which
shows wide swings in TDS concentrations, almost certainly reflecting the more
pronounced influence of sea water intrusion at this location as compared to the drinking
water supply intakes further upstream (south) along Old River. The relatively small
mass loads are a reflection of the smaller size of the system, as compared to the State and
Federal diversions further south. Figure 6-44 shows that dry conditions cause elevated
TDS concentrations in the summer months when fresh water flows are low. Wet
conditions, conversely, enable sea water intrusion to be repelled with resulting good
quality water in these months. As depicted in Figure 6-45, loadings of salt into the
CCWD system are aggravated during dry years, especially in the summer months when
concentrations are higher in dry years. Figure 6-46 shows concentrations are widely
distributed, most falling in the range of 50 to 550 mg/L; Figure 6-47 demonstrates that
most loadings fall in the range of 50 to 200 Tons/day.

Delta Mendota Canal, Central Valley Project

Figure 6-48 shows the historical record of TDS concentrations and loadings, as measured
by the Department of Water Resources. The trend appears to be one of no significant
change with time. Figure 6-49 shows that dry years are associated with elevated TDS
concentrations in all months and that, in such years, December is highest. Loadings
during wet months of dry years are high, while loadings during the warm months of wet
years also tend to be high (Figure 6-50). The former observation is probably a reflection
of poor salt dilution during winter months of dry years when San Joaquin River salt loads
are high and contribute strongly to salinity of the DMC. The latter observation is
probably a reflection of increased dilution due to more ample reservoir releases.

Figure 6-51 indicates that most TDS concentrations measured at this location fall in the
200 to 500 mg/L range, and Figure 6-52 indicates most loads are in the range of 1000 to
4000 Tons/day.
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FIGURE 6-43
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Turbidity

Turbidity is the physical characteristic of water that limits light penetration. It can be
caused by inorganic particulate matter, such as sediment from erosion, and by organic
matter such as algae and other life forms. Turbidity is important in drinking water
because particulate matter has the capability to shield pathogenic organisms from the
destructive effects of chemical oxidants used for drinking water disinfection. Cost of
treatment can also be affected by turbidity as reflected in greater chemical use and
increased volumes of waste solids that must be disposed. Another aspect of turbidity
having significance to drinking water supplies taken from the Delta is its effect on the
ability to monitor for the presence of pathogens in the source water. EPA Method 1623
is an assay for the presence of the protozoan pathogens Giardia lamblia and
Cryptosporidium sp. The method, which involves filtration of water samples, is subject
to interference by particulate matter in turbid waters, making difficult the task of
assessing the pathogen status of Delta source waters. Decisions on the level of treatment
required to achieve safe drinking water are, thus, made more complicated.

Figure 7-1 presents an overall perspective of turbidity in the Delta area. In general, the
American River and the west side tributaries the Cosumnes and Mokelumne Rivers are
characterized by low turbidity, whereas the waters of the Sacramento and San Joaquin
Rivers are about seven times higher, overall.

The North Bay Aqueduct experiences the highest turbidities of the major drinking water
diversions by a factor of two to three. This, like the elevated organic carbon found at this
location is probably due largely to local watershed effects, and does demonstrate that
agencies treating North Bay Aqueduct water are faced with special challenges.

Drainage from Delta islands contributes a similar amount of turbidity as do the
Sacramento and San Joaquin Rivers. The turbidity of Contra Costa’s intake at Pumping
Plant #1 is considerably lower than is found at the other drinking water supply intakes,
perhaps due to settling as the water is transported out of Old River through Rock Slough
to the pumping plant. Water taken into the State Water Project is about 20 percent lower
in turbidity than water diverted into the Delta Mendota Canal (DMC). This is due to the
fact that water flows through Clifton Court and settles there before being pumped into the
California Aqueduct. On the other hand, the Tracy Pumping Plant takes water directly
from Old River into the DMC, affording no opportunity for the river water to settle. The
settling effect of Clifton Court can be seen in the need for periodic sediment removal
from its bottom.

Delta Tributaries
The following describes turbidity conditions in the major inflows to the Delta.

Sacramento River
As the largest source of fresh water inflow to the Delta, turbidity in the river has
important effects on the quality of waters diverted from the Delta for drinking water use.
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West Sacramento Intake

Figure 7-2 depicts historical turbidity readings in the Sacramento River above its
confluence with the American River, at the intake to the West Sacramento water
treatment plant. Large swings are evident, most falling during wet periods when river
flows were high (on the order of 70,000 cfs), indicating strong erosive forces in the
watershed. An interesting, but unexplained, maximum was observed in December 1997
when river flow was only about 22,000 cfs, followed by a similarly high turbidity in
February 1998 when flow was at about 67,000 cfs, more typically associated with such
high turbidity.

Figure 7-3 presents computations of average monthly turbidities over different hydrologic
year types. Consistent with the concept that mineral turbidity is caused by erosive flows,
turbidities at this location are highest during wet seasons and wet years. Turbidity caused
by algal growth would be expected to be reflected in increased turbidities during the
warm months, and perhaps particularly during dry years when water clarities would
improve light penetration for photosynthesis. Such a phenomenon appears not to be
evident, however, suggesting that much of the turbidity found at this location is
inorganic. The distribution of turbidity readings, presented in Figure 7-4, shows that
most measurements fall within the 10 to 40 NTU range of turbidities.

Greenes Landing

Figure 7-5 displays historical turbidity readings taken in the Sacramento River at Greenes
Landing. Peaks are associated with periods of high river flow. No long term trends of
change are observed, however. Figure 7-6 presents the results of a linear regression
analysis to examine the relationship between flow and turbidity at Greenes Landing.
While there is a correspondence of higher flows with higher turbidities, the relationship is
not very strong (R? = 0.61), indicating factors such as turbidity caused by algal growth
may be at work.

Figure 7-7 shows monthly average turbidities over different hydrologies. Wet months,
particularly during wet years, are associated with high turbidity. Absent is evidence of
significant influence of algal growth during warm months. Figure 7-8 indicates that most
measured values fall within a range of 10 to 30 NTU.

Mallard Island

Figure 7-9 shows monthly average turbidities for the Sacramento at Mallard Island.
Unlike the West Sacramento and Greenes Landing stations upstream on the Sacramento
River, there is significant turbidity during the warm months of the year, particularly
during wet years. And, while wet months, especially of wet years, are associated with
maximum turbidities, the differences are not as pronounced as is the case upstream. This
may be a reflection of increased turbidity caused by biological activity, and is consistent
with knowledge that this area is important for supporting fisheries resources. As shown
in Figure 7-10, about 80 percent of turbidity readings at this location fall in the range of
10 to 40 NTU.
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San Joaquin River
Turbidity observed in the San Joaquin River near Vernalis is used to represent inputs
from that river.

Figure 7-11 presents historical turbidity records from the San Joaquin River near
Vernalis. Large peaks occurred in February 1993 and February 1998. On the former
occasion river flow was about 2900 cfs, which is low, but not unusually so. On the latter
occasion, flow was about 20,000 cfs. Flows as high as about 33,000 cfs were observed
during the period of record, and turbidities during these times were lower. So, these
observations are not explained on the basis of the relationship between flow and
turbidity.

Figure 7-12 shows monthly averages, and indicates that February is a peak period for
turbidity, and more so in that month of wet years. Turbidity observed during that period
is consistent with mineral turbidity caused by erosive forces. During the warm months, a
different pattern emerges. July of dry years is associated with highest turbidities, and
turbidity rises from April through a peak in July, and recedes by fall of the year. This
observation could be explained by algal growth, and such an hypothesis is supported by
the observation, discussed in the nutrient section of this report, that total nitrogen and
total phosphorus concentrations at this location are three times higher than are found in
the Sacramento River at Greenes Landing. Most turbidity measurements made at this
location fall within the10 to 40 NTU range, as depicted in Figure 7-13.

American River

Figure 7-14 is a presentation of historical turbidity data collected in samples of the
American River at the intake to the Sacramento water treatment plant. A pronounced
peak occurred in February 1986 during the historically high flows present at that time.
No long term trends of change are apparent. Monthly averages, presented Figure 7-15,
indicate that turbidities in most months are low, and that wet periods, especially in wet
years, are important contributors of turbidity. The lack of turbidity at times other than
when flows are high is an indication of minimal algal production, suggesting the turbidity
at this location is mostly from mineral particulates. Most turbidity readings taken at this
location fall in the 2 to 4 NTU range, as depicted in Figure 7-16.

Discharges
Turbidity data have been found for drainage from Sacramento storm drainage and Delta
islands. Data for other waste water and storm water discharges were not available.

Sacramento Storm Drainage

Based on 50 storm drain samples collected from six Sacramento area locations over the
period October 1991 through February 1992, the average turbidity in Sacramento storm
drain samples was 76 NTU, with a standard deviation of 83 NTU.
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Delta Island Drainage

Figure 7-17 demonstrates that turbidity in drainage from Delta islands does not vary
greatly by month or by hydrologic year type, except that during wet years, February and
June are associated with high turbidities. The February peak could reflect seasonal
discharge of water used to leach island soils and the June peak may reflect discharge of
residual irrigation water.

Diversions

Turbidity is measured in water diverted for use as drinking water supply. The results are
discussed here.

North Bay Aqueduct, State Water Project

Historical turbidity measurements made at the North Bay Pumping Plant intake to the
North Bay Aqueduct are depicted in Figure 7-18. The location is characterized by wide
turbidity swings, which fosters appreciation of the difficulties encountered by agencies
treating the water from this source. Treatment processes generally operate best under
constant conditions. When water quality undergoes rapid and pronounced changes, such
as is the case with turbidity at this location, treatment systems must be continually
rebalanced to provide optimum drinking water quality. This greatly complicates the
challenge of providing consistently high quality treated drinking water.

Figure 7-19 provides an indication that erosive effects in the watershed are important for
producing turbidity, as is seen in peaks during wet months, particularly during wet years.
The turbidity peak observed in June and July irrespective of hydrologic conditions
appears to provide evidence of algal productivity during the warm months. Turbidity
makeup may, therefore, change from mineral in the winter more toward organic in the
summer. Figure 7-20 reveals that frequency of turbidities is not sharply defined, with
turbidities over the wide range from 10 to 100 NTU comprising about 80 percent of
observations. Very high turbidities are sometimes observed, suggesting that the North
Bay Aqueduct is heavily exposed to localized effects from the watershed.

California Aqueduct, State Water Project

Figure 7-21 summarizes historical turbidity readings made on samples collected at the
H.O. Banks Pumping Plant in the south Delta. Turbidity swings of 30 NTU have been
experienced, with peaks generally appearing during the months of June and July. No
obvious longer-term trends of change are noted. Figure 7-22 reflects the effects of
settling in Clifton Court, the forebay to the pumping plant. Whereas other locations
experience pronounced turbidity peaks during the wet months, such peaks are not
observed at the pumping plant. This figure also suggests that algal productivity, perhaps
produced in part in Clifton Court, may affect turbidity during the warm months. The
pattern of higher turbidities in the warm months of wet years may be a reflection of
turbidity caused by increased channel velocities from pumping.

Most measured turbidities at this location are in the 5 to 20 NTU range, which is also a
reflection of the beneficial effect of Clifton Court (Figure 7-23). Comparison of this
figure to the equivalent figure for the DMC Intake indicates the range of 10 to 25 NTU is

most commonly observed at the latter location that does not have the benefit of a forebay.
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Contra Costa Water District Pumping Plant #1

Historical turbidity at Contra Costa Water District’s Pumping Plant #1 is shown in
Figure 7-24. Figure 7-25 shows that turbidities reach maxima during warm months of
wet years. During dry years, turbidity is generally low in these months. Algal
productivity may play a role during these months. Another factor may be the effect of
higher pumping rates during the warm months of wet years causing increased channel
velocities and transport of particulate matter. Wet months are not associated with
elevated turbidities, suggesting settling in Rock Slough as a possible factor.

Figure 7-26 indicates the most frequently observed turbidities are found in the 2 to 12
NTU range, lower than is commonly found at the other diversions.

Delta Mendota Canal, Central Valley Project

Figure 7-27 depicts the record of turbidity compiled by the Department of Water
Resources in the Delta Mendota Canal just downstream of Tracy Pumping Plant. Peaks
were observed during January 1995 and January 1997 during high flow conditions. No
long term patterns of change are obvious. Turbidity observations averaged by month
appear in Figure 7-28. January of wet years is associated with high turbidity; but, this

average will have been strongly affected by the peaks experienced in January of 1995 and

1997. The pattern of increasing turbidity during warm months may reflect a combination
of seasonal algal growth and turbidity induced by pumping. Figure 7-29 demonstrates
the most frequently observed range of turbidities is 10 to 25 NTU.
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FIGURE 7-27
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Nutrients
Nutrients were identified by the Drinking Water Constituents Work Group as being of
concern to drinking water and, therefore, in need of addressing in this study.

The nutrients that are generally most important to primary productivity (algal growth) in
Delta channels are forms of nitrogen and phosphorus; however, algae growth in the Delta
is often limited by light penetration, due to the usual turbidity of Delta waters. For most
algal forms, nitrate is the most biologically available of the nitrogen compounds, while
ortho-phosphate is typically the most biologically active phosphorus compound.
Biological activity and natural oxidative and reductive processes cause nitrogen and
phosphorus compounds to transform from one state to another, so nutrients are not
conservative in the system as are salts. Nitrogen is also lost from the system as gaseous
nitrogen, and added to the system by fixation of gaseous nitrogen by some terrestrial
plants, and by some algae.

As a general rule, algae incorporate nitrogen and phosphorus in approximately a 16:1
ratio, on an atomic basis. When dissolved ortho-phosphorus concentrations are above
about 5 ug/L, there is an excess of phosphorus relative to algal requirements; whereas,
when dissolved nitrate concentrations exceed about 20 ug/L, there is generally an excess
of nitrogen relative to algal needs. In the absence of other limiting factors, algal growth
will be limited by whichever nutrient is in shortest supply, relative to algal
requirements./6 However, in the Delta, limited light penetration caused by the usual
turbidity and color of Delta waters often limits algal growth such that both nitrogen and
phosphorus concentrations found in Delta waters often exceed those required to support
additional growths.

Algal growths supported by the nitrogen and phosphorus nutrients produce organic
carbon that may, under certain conditions, enhance production of disinfection byproducts
in drinking water. Also, some algae produce compounds capable of imparting unpleasant

“odors and flavors to drinking water. These tastes and odors can be very difficult to

control, and can require greatly increased usage of treatment chemicals, with associated
increased solid waste from treatment processes. Algae can also clog filters and other
water conveyance and treatment equipment. Due to these problems, waters low in
nutrients are more desirable as drinking water sources.

By contrast, the standing crop of algae forms the basis for the food web that supports
invertebrate and vertebrate forms of animal life, including fish. For many species that
inhabit the Delta, it may be true that more, rather than less, nutrients are advantageous.
Thus, the need for nutrients to support a healthy ecological system in the Delta can be at
odds with the need to minimize nutrient presence in sources of drinking water. Reaching
an optimal balance is one of the challenges facing the CALFED Program.

Data exist for nitrate and ortho-phosphate in Delta waters. Other nitrogen compounds for
which data exist include ammonia, nitrite, and organic nitrogen. Other phosphorus
compounds for which data exist include acid hydrolyzable phosphate, and total
phosphorus. Data also exist for total nitrogen and total phosphorus.
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Examination of nutrient data for individual chemical species generally does not provide a
clear picture of the capacity for algal growth because of the continual change in the
composition of the nitrogen and phosphorus compounds, and because algae will respond
to increases in nutrient availability only when nutrient availability is limiting growth. As
previously discussed, algal growth in the Delta is often limited by turbidity and color of
the water.

Despite the difficulty of interpreting the data, it is perhaps useful to examine nitrate and
ortho-phosphate data to get an overall idea of nutrient availability to algae. This may
help to provide an understanding of algal growth patterns.

Nutrient data on Delta waterways reviewed in this study were from The Department of
Water Resources and from the U.S. Geological Survey. The Department of Water
Resources Municipal Water Quality Investigations Program has rather extensive data on
nitrate, and some data on total phosphorus. The U.S. Geological Survey collects
extensive nutrient data on the Sacramento River at Freeport and on the San Joaquin River
near Vernalis. Because the USGS data set is rather complete for the Freeport and
Vernalis locations, more extensive effort is devoted to reviewing the data for the various
species of nitrogen and phosphorus at these two locations. As these are the primary
tributaries to the Delta, this should provide a good indication of overall nutrient supplies
to the Delta through the inflow streams.

Figure 8-1 presents overall concentrations and loadings of total nitrogen and total
phosphorus, as measured by the USGS at its Freeport, Vernalis and Mokelumne River
monitoring stations, and from measurements of storm drainage concentrations by the
cities of Sacramento and Stockton. Data from Sacramento Regional County Sanitation
District and Stockton Waste Water Treatment Plant are also summarized. The
Sacramento River and its tributaries account for twice the load of total nitrogen compared
to the San Joaquin River, and about two and one-half times the phosphorus load.
Concentrations of total nitrogen are, however, nearly three times as large in the San
Joaquin as in the Sacramento, and total phosphorus loads are also nearly three times
larger. These data reflect the poorer quality and lower flows of the San Joaquin River as
compared to the Sacramento River, an observation that is common to a number of water
quality constituents. Concentrations of nitrogen and phosphorus in Stockton storm
drainage are higher than in the San Joaquin River; however, no flow estimates are
available to enable computation of loads. The Mokelumne River does not contribute
significantly to either concentrations or loads of nitrate entering the Delta.

Figure 8-2 is a summary of nitrate concentrations and loads at various locations as
measured by the Department of Water Resources, cities of Sacramento and of Stockton
(in storm drainage) and by Sacramento County Regional Sanitation District and City of
Stockton in (treated waste water effluent). Despite its smaller size, the San Joaquin River
contributes a nitrate load similar to that of the Sacramento River, with concentrations
over four times higher than are present at Greenes Landing. The influence of the San
Joaquin River and Delta island drainage is evident in nitrate concentrations found at the
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south Delta points of diversion of drinking water supplies, which are roughly twice the
concentration as is found in the Sacramento River. The North Bay Aqueduct also
experiences higher nitrate concentrations than the Sacramento River at Greenes Landing,
probably due to the influence of the local watershed.

Appendix A contains an analysis of available nitrate data, collected by the Department of
Water Resources, that is not discussed in detail here.

A more complete discussion of nutrients in the Sacramento River at Freeport and in the
San Joaquin River near Vernalis, as measured by the U.S. Geological Survey, follows.

Sacramento River at Freeport

Figure 8-3 summarizes historical total nitrogen concentrations and mass loads in the
Sacramento River at the Freeport Bridge, just upstream of the discharge of the
Sacramento County Regional Sanitation District. These data are based on 167 samples
collected over the period of record. The pronounced concentration and load spike
observed in September 1976 is not explained, other than the fact that historic drought
conditions were being experienced at that time, and flow was just over 13,000 cfs, which
is low. Later that year flows were even smaller, though, and were not accompanied by
such high nitrogen concentrations. Otherwise, no obvious trends of change are noted.
Figure 8-4 depicts total nitrogen concentrations by month over various hydrologic
conditions. The high reading in September 1976 has distorted the average. Loadings of
total nitrogen, represented by Figure 8-5 show that wet months of wet years are typically
associated with highest loadings.

The frequency distributions for concentrations and loadings show that most total nitrogen
concentrations observed fall within a 0.4 to 1.0 mg/L range, while most loads are within
the range of 10 to 50 Tons/day. (Please refer to Figure 8-6 and Figure 8-7.)

Ammonia, as shown in Figure 8-8 is highest in January of dry years; whereas
Figure 8-9 demonstrates that wet months of wet years are associated with highest loads,
and wet years in general are associated with larger ammonia loads.

Nitrite is depicted in Figure 8-10, indicating that dry years are generally associated with
higher nitrite concentrations in most months, while May of wet years has seen the highest
concentrations. Figure 8-11 shows that, like ammonia, nitrite loads are highest in wet
months of wet years, and higher in wet years generally.

Nitrate is summarized in Figure 8-12. Wet month of wet years produce somewhat higher
concentrations, and based on Figure 8-13, significantly higher loads of nitrate, although
hydrologic year type appears to be a less important determinant of nitrate concentration.

Kjeldahl nitrogen is a measure of organic nitrogen and ammonia taken together.

As depicted in Figure 8-14, dry years, and especially dry months of dry years, produce
highest concentrations. This may be due to greater incorporation of nitrogen into organic
forms, and/or from a greater presence of ammonia. Referring to the ammonia graph,
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