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EXECUTIVE SUMMARY

The State Water Project (SWP) provides drinking water to approximately two-thirds of
California’s population and is the nation’s largest state-built water development project. The
SWP extends from the mountains of Plumas County in the Feather River watershed to Lake
Perris in Riverside County. Figure ES-1 shows the major features of the SWP. Five previous
SWP watershed sanitary surveys were completed in 1990, 1996, 2001, 2006, and 2011 so the
contaminant sources and water quality issues have been well documented. The California State
Water Project Watershed Sanitary Survey, 2016 Update (2016 Update) focuses on updating the
source water quality evaluation of the SWP through 2015 as well as two special topics on
Grazing and Impacts of the 2012 to 2015 Drought.

Figure ES-1. The State Water Project
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WATER QUALITY SUMMARY

Nine chapters of the report address water quality constituents having the capacity to cause
drinking water standards to be violated or to reduce the quality of drinking water supplies
conveyed through the SWP. Although there are potentially numerous constituents in drinking
water sources, the key water quality challenges facing the SWP Contractors that treat water from
the SWP are balancing the formation of disinfection byproducts, due to high concentrations of
organic carbon and bromide in the source water, with removing and inactivating pathogens such
as Giardia and Cryptosporidium; high nutrient concentrations that lead to algal blooms, taste and
odor problems, and operational problems. The water quality chapters are organized as follows:

Chapter 2 — Water Quality Background

Chapter 3 — Organic Carbon

Chapter 4 — Salinity

Chapter 5 — Bromide

Chapter 6 — Nutrients

Chapter 7 — Taste and Odor Incidents and Algal Toxins
Chapter 8 — Turbidity

Chapter 9 — Pathogens and Indicator Organisms
Chapter 10 — Arsenic and Chromium

The Department of Water Resources (DWR) Municipal Water Quality Investigations (MWQI)
Program and the Division of Operations and Maintenance (O&M) conduct a comprehensive
water quality monitoring program of the Delta and the SWP facilities. The long period of record
at many locations allows the data to be analyzed for spatial trends, long-term trends, and
seasonal trends. Most of the data has been entered into DWR’s Water Data Library. This online
database is a valuable tool that provides easy access to the data shortly after it has been collected.

Chapters 3 through 10 contain detailed analysis of the water quality data collected in the
watersheds, the Delta, and the SWP facilities. Each of those chapters ends with a summary of the
key findings from the data analysis. Those summaries are also presented in this section to
provide the reader with a brief overview of water quality in the SWP.

WATER QUALITY TRENDS
Spatial Trends

The data were analyzed to determine if water quality changes as the water flows down the
Governor Edmund G. Brown California Aqueduct (California Aqueduct) and is stored in
reservoirs. Factors that could potentially affect water quality include:

e North Bay Aqueduct (NBA) — The NBA is an enclosed pipeline so water quality should
not change between Barker Slough and the water treatment plant intakes.
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e Banks to South Bay Aqueduct (SBA) Terminal Tank — Water from Lake Del Valle enters
the SBA below Del Valle Check 7 (DV Check 7). This primarily affects SBA water
quality in the fall months when releases are made to the SBA.

e Banks to O’Neill Forebay — There are no inputs to the California Aqueduct in this reach.

e O’Neill Forebay and San Luis Reservoir — Water from the Delta-Mendota Canal (DMC)
mixes with water from the California Aqueduct in O’Neill Forebay. Storage in San Luis
Reservoir and the timing of filling and releases from the reservoir can potentially impact
water quality.

e San Luis Canal Reach of the California Aqueduct — Local streams that run eastward from
the Coastal Range Mountains bisect the aqueduct at various points. During storms, water
from some of these streams enters the aqueduct.

e Coastal Branch of the California Aqueduct — The Coastal Branch is 115 miles long; the
first 15 miles are open aqueduct and the remainder is a pipeline. No drainage enters the
open canal section.

e California Aqueduct between Check 21 and Check 41 — This reach of the aqueduct is
used to convey both surface water and groundwater non-Project inflows acquired through
transfers and exchanges among local agencies. The quality of the non-Project inflows can
affect the quality of the water in the aqueduct.

e West Branch of the California Aqueduct — Pyramid and Castaic lakes provide almost
500,000 acre-feet of storage, which greatly reduces the fluctuations in water quality seen
in the aqueduct. Natural inflow from the watersheds of the reservoirs can affect water
quality during substantial storm events.

e [East Branch of the California Aqueduct — Silverwood Lake has a capacity of only 74,970
acre-feet and does not moderate water quality the way the West Branch reservoirs do.
Natural inflow from its watershed can affect water quality at times. Additionally,
drainage into the East Branch occurs from direct drains in the Hesperia area.

This analysis included an evaluation of all of the data at each monitoring location. Each chapter
provides a table indicating the data available and evaluated for each location. The data collected
during comparable periods of time at all locations were analyzed to draw conclusions about
spatial trends. Generally, the time periods compared for most monitoring locations was 1998 to
2015. The data were statistically analyzed using the non-parametric Mann-Whitney test which
determines if the data sets being compared are statistically different. The median concentrations
are representative of the entire data set. The key findings are:

e Median TOC concentrations do not change as water flows from Banks through the SBA
and the California Aqueduct when data collected during comparable periods of time are
aggregated and analyzed, except when water flowed from Check 21 to Check 41 and
from Check 41 to Castaic Outlet. In both cases, the downstream sampling point was
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statistically significantly lower than the upstream sampling point. TOC was lower at
Check 41 compared to Check 21 due to the introduction of non-Project inflows between
Checks and 21 and 41. The median TOC concentrations along the aqueduct range from
3.0 to 3.6 mg/L. Castaic Lake Outlet had the lowest median at 2.8 mg/L. San Luis
Reservoir and Castaic Lake have less variability in TOC concentrations than the aqueduct
due to the dampening effect of reservoir mixing. The dampening effect is not seen in
Silverwood Lake on the East Branch due to its limited hydraulic residence time.

e Although there are no apparent differences in median TOC concentrations when all
available data are aggregated, the quality of organic carbon changes. Water in San Luis
Reservoir has a greater propensity to form disinfection byproducts during the spring and
summer months. This is the period when most water is released from the reservoir and
flows south in the California Aqueduct.

e Changes to electrical conductivity (EC) in the California Aqueduct and SWP reservoirs
are complex. There is a statistically significant increase of 58 uS/cm between Banks and
O’Neill Forebay Outlet due to storage in San Luis Reservoir and to mixing with water
from the more saline DMC in O’Neill Forebay. However, there is not a significant
change in EC between O’Neill Forebay Outlet and Check 21. There is a statistically
significant decrease in EC between Check 21 and Check 41 of 24 puS/cm. This is likely
due to non-Project inflows of lower EC water in recent years. The median EC at Castaic
Lake Outlet (Castaic Outlet) is 42 pS/cm higher than at Check 41 but there is no
significant change between Check 41 and Devil Canyon Afterbay (Devil Canyon).

e There is a statistically significant decrease in bromide concentrations between Banks
(median of 0.22 mg/L) and DV Check 7 (median of 0.16 mg/L). With the exception of
DV Check 7, bromide does not change significantly between Banks and Check 21. The
median bromide concentration of 0.21 mg/L at Check 41 is statistically lower from the
median bromide concentration of 0.23 mg/L at Check 21. The median bromide
concentration at Castaic Outlet of 0.22 mg/L is not statistically different from the median
bromide concentration of 0.21 mg/L at Check 41. The median bromide concentration at
Devil Canyon of 0.22 mg/L is not statistically different from the median bromide
concentration of 0.21 mg/L at Check 41.

e Turbidity levels are quite variable as water moves down the aqueduct but the impact of
settling in reservoirs is quite apparent in that median turbidity levels in the reservoirs are
1 to 2 NTU.

e Total phosphorus (total P) concentrations do not change as water flows from the Delta
through the SBA and the California Aqueduct, except from Check 21 to Check 41 and
Check 41 to Castaic Outlet. The median total P concentration of 0.07 mg/L at Check 41 is
statistically lower from the median total P concentration of 0.09 mg/L at Check 21, due to
the introduction of non-Project inflows between Checks 21 and 41. The median total P
concentration at Castaic Outlet of 0.04 mg/L is statistically lower from the median total P
concentration of 0.07 mg/L at Check 41. Median total P concentrations are about 0.1
mg/L throughout the system.
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e Median total nitrogen (total N) concentrations are about 1.0 mg/L throughout the system.
The median total N concentration of 0.93 mg/L at Check 13 is statistically higher from
the median total N concentration of 0.75 mg/L at Banks, due to the introduction of DMC
water to O’Neill Forebay. Total N concentration increases from Check 21 to Check 41, as
the median total N concentration of 1.09 mg/L at Check 41 is statistically higher than the
median total N concentration of 0.87 mg/L at Check 21, due to the introduction of non-
Project inflows between Checks and 21 and 41. Total N concentration decreases from
Check 41 to Castaic Outlet, as the median total N concentration of 1.09 mg/L at Check 41
is statistically higher than the median total N concentration of 0.64 mg/L at Castaic
Outlet. This reflects the effect of reservoir storage to moderate a range of nutrient
concentrations. The median total N concentration at Devil Canyon of 0.94 mg/L is not
statistically different from the median total N concentration of 1.09 mg/L at Check 41.

Wet Year and Dry Year Trends

The data were analyzed to determine if there are water quality differences between wet years and
dry years. Wet years are defined as those that are classified by DWR as wet and above normal.
Dry years are defined as those that are classified as below normal, dry, and critical.

e Dry year concentrations are statistically significantly higher than wet year concentrations
at Hood, Vernalis, Banks, DV Check 7 and McCabe. After the San Luis Reservoir, there
is no significant difference in wet and dry years at Pacheco, O’Neill Forebay Outlet,
Check 21 and Devil Canyon. Wet year concentrations are statistically significantly higher
than dry year concentrations at Check 41 and Castaic Outlet.

e EC levels during dry years are statistically significantly higher than EC levels during wet
years at all locations except Barker Slough and Castaic Outlet. There were no statistically
significant differences between year types at these two locations. The higher levels
during dry years are due to less dilution of agricultural drainage, urban runoff, and
wastewater discharged to the rivers and Delta during low flow periods and to seawater
intrusion in the Delta during periods of low Delta outflow.

e Bromide concentrations during dry years are statistically significantly higher than
bromide concentrations during wet years at all locations except Barker Slough. There
were no significant differences between year types at this location. The median bromide
concentrations during dry years are 50 to 100 percent higher than the median
concentrations during wet years. This is due primarily to seawater intrusion in the Delta
during periods of low Delta outflow.

e Turbidity levels are statistically significantly lower during dry years than wet years at
most locations that were included in this analysis. Wet years generally increase turbidity
due to erosion and watershed runoff. At several locations, including San Luis Reservoir
and Castaic Lake, there was no significant difference in dry years than in wet years.

e Comparison of nutrient concentrations in dry years and wet years does not produce a
consistent pattern throughout the system. At many locations, there are no differences
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between dry and wet years. At Hood, total P and total N concentrations are statistically
higher between dry years and wet years. This may be due to the greater influence of the
Sacramento Regional Wastewater Treatment Plant at Hood. At Pacheco Pumping Plant in
San Luis Reservoir (Pacheco), total N is statistically significantly lower in dry years. This
is likely due to algal uptake and settling in the reservoir since samples are collected in the
epilimnion of the reservoir more frequently during dry years when water levels are lower.
There was no significant difference between dry and wet years for total N and total P at
Castaic Lake. At Check 41, total N concentrations are statistically higher in dry years
compared to wet years, but total P concentrations are statistically lower in dry years. This
may be related to non-Project inflows that occur more frequently in dry years.

Median total P concentrations in dry years and wet years are the same at most locations.
Dry year total P medians are statistically significantly lower than wet year medians at
Check 41, but higher at Hood and Devil Canyon. Dry year total N medians are
statistically significantly higher than wet year medians at about half of the locations and
the same at the other locations.

Summaries of the water quality analyses for each constituent are provided below:

ORGANIC CARBON

The DOC fingerprints indicate that the San Joaquin River is the primary source of DOC
at the south Delta pumping plants when flows on that river are high. During dry years, the
Sacramento River has more influence on DOC concentrations at the pumping plants.
Delta agricultural drainage is also a source of DOC at the pumping plants.

TOC concentrations are measured with both the combustion and oxidation methods at
various locations in the SWP. Ngatia et al. (2010) found that the two methods were
equivalent and that the field instruments were equivalent to the laboratory instruments at
the 20 percent equivalence level. Organic carbon samples measured with the oxidation
method were evaluated in this chapter since there is a longer period of record. The grab
samples that are analyzed by the oxidation method were compared to real-time results
that are analyzed by the combustion method since most of the real-time samplers use the
combustion method.

The median TOC concentration of 1.9 mg/L is the same at Hood and West Sacramento.
This is despite the fact that the high quality American River (median of 1.6 mg/L) enters
the Sacramento River between these two locations. This is likely due to the fact that
urban runoff and treated wastewater from the Sacramento urban area are discharged to
the river between West Sacramento and Hood. The median TOC concentration of 3.3
mg/L at Vernalis is statistically significantly higher than the median concentration of 1.9
mg/L at Hood.

TOC concentrations are much higher in the NBA than any other location in the SWP. The
concentrations range from 1.3 to 43 mg/L, with a median of 4.6 mg/L. The local Barker
Slough watershed is the source of this TOC.
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e TOC concentrations do not change as water leaves Banks and flows through the SBA and
the California Aqueduct. The concentrations at DV Check 7 range from 1.5 to 9.2 mg/L
during the period of record with a median of 3.6 mg/L.

e The median TOC concentrations along the aqueduct range from 3.0 to 3.6 mg/L. San
Luis Reservoir and Castaic Lake have less variability in TOC concentrations than the
aqueduct due to the dampening effect of reservoir mixing. The dampening effect is not
seen in Silverwood Lake on the East Branch due to its limited hydraulic residence time.
Changes in TOC concentrations are apparent in the aqueduct during periods when non-
Project inflows are introduced between Checks 21 and 41.

e Water agencies treating SWP water in conventional water treatment plants must remove
TOC from their influent water based on the TOC and alkalinity concentrations of the
water. Agencies treating NBA water typically remove 35 percent of the TOC and at
times, are required to remove up to 50 percent of the TOC. The SWP Contractors treating
water from the California Aqueduct in conventional water treatment plants typically have
to remove 25 percent of the TOC. Alkalinity levels are often low when TOC
concentrations are high, leading to the requirement to remove 35 percent of the TOC in
the source water. On occasion, alkalinity concentrations drop below 60 mg/L when TOC
concentrations exceed 4 mg/L leading to the requirement to remove 45 percent of the
TOC in the source water.

e The real-time analyzers at Hood, Vernalis, Banks, and Gianelli provide valuable
information on the variability of TOC concentrations at these locations. The real-time
monitoring data compare well with the grab sample data collected on the same day. As
discussed in the previous WSS, the real-time data show that TOC peaks are higher than
previously measured in grab samples. However, the real-time monitoring and grab
sample data appear to match better in 2011 to 2015 compared to previous years.

e Time series graphs at all of the other key locations were visually inspected to determine if
there are any discernible trends. There is no apparent long term trends at most of the
locations included in this analysis. There is an increasing trend from 2012 to 2015 for
most sites, but that is attributed to four consecutive dry years and not a long-term trend.
TOC concentrations have been lower at Check 41 and Castaic Outlet in recent years as a
result of the substantial amount of non-Project inflows that are low in TOC. Inexplicably,
the lower TOC concentrations have not been observed at Devil Canyon.

e All of the dry year medians increased from the 2011 WSS for all locations except for
Vernalis, Barker Slough, Check 41 and Devil Canyon. The dry year median for Barker
Slough, Check 41 and Devil Canyon remained the same, compared to the 2011 WSS. The
dry year median for Vernalis decreased slightly compared to the 2011 WSS.

e There were a number of locations where the maximum TOC over the entire period of
record occurred in either 2014 or 2015, the third and fourth consecutive years of dry
water years since 2012. For example:
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o Hood maximum TOC concentration of 9.1 mg/L. was measured in December

2014.

o Vernalis maximum TOC concentration of 12.5 mg/L. was measured in December
2014.

o Pacheco maximum TOC concentration of 5.9 mg/L was measured in September
2015.

e As shown in Table ES-1, dry year concentrations are statistically significantly higher
than wet year concentrations at Hood, Vernalis, Banks, DV Check 7 and McCabe. After
the San Luis Reservoir, there is no significant difference in wet and dry years at Pacheco,
O’Neill Forebay Outlet, Check 21 and Devil Canyon. Wet year concentrations are
statistically significantly higher than dry year concentrations at Check 21 and Castaic
Outlet.

e There is a distinct seasonal pattern in TOC concentrations in the Sacramento River, the
Delta, and the aqueducts. High concentrations (5 to 9 mg/L) occur during the wet season
and low concentrations (2 to 3 mg/L) occur in the late summer months. Vernalis has a
slightly different pattern with both winter and summer peaks. The summer peak is
attributed to agricultural drainage entering the river during low flow periods. Castaic
Lake displays a different seasonal pattern. Concentrations are highest in the summer
months and lowest in the winter months.

Table ES-1. Comparison of Dry Year and Wet Year TOC Concentrations

Median TOC
(mg/L)
TOC
Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood 2.1 1.7 0.4 19% D>W
Vernalis 34 3.1 0.3 9% D>W
Banks 3.8 3.2 0.6 16% D>W
Barker Slough 4.2 5.8 -1.6 -38% D<W
DV Check 7 3.7 33 0.4 11% D>W
McCabe 3.5 3.2 0.3 9% D>W
Pacheco 34 3.5 -0.1 -3% No
O'Neill Forebay
Outlet 3.4 33 0.1 3% No
Check 21 3.2 3.2 0 0% No
Check 41 2.9 3.2 -0.3 -10% D<W
Castaic Outlet 2.6 3 -0.4 -15% D<W
Devil Canyon 3 3.2 -0.2 -7% No
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SALINITY

The EC fingerprints indicate that the San Joaquin River, seawater intrusion, and Delta
agricultural drainage are the primary sources of EC at the south Delta pumping plants.
The San Joaquin River has a greater influence on EC at Jones than at Banks.

The median EC at Hood and West Sacramento (159 uS/cm) are the same when data from
the same period of record (1994 to 2015) are compared. Hood is expected to be lower
than West Sacramento due to the inflow of the American River (median EC of 63
uS/cm). However, urban runoff and treated wastewater from the Sacramento urban area
are discharged to the river between West Sacramento and Hood. EC levels at Vernalis
(median of 638 uS/cm) are statistically significantly higher than the levels in the
Sacramento River.

EC levels in the NBA are higher and more variable than at Hood but lower than the levels
at Banks. Elevated EC levels during the spring months are associated with base flows
from sodic soils in the upstream Barker Slough watershed.

EC levels in the SBA are similar to Banks, with levels ranging from 116 to 894 uS/cm
and a median of 434 puS/cm. EC tends to increase in the fall months.

Because different periods of record are available at sampling locations, it is difficult to
compare all of the location(s) using the same time period. However, the majority of
locations can be compared using a common data set from 1997 to 2015. These are the
1997 to 2015 EC medians; Banks at 426 uS/cm, DV Check 7 at 434 uS/cm, McCabe at
479 uS/cm, O’Neill Forebay Outlet at 483 uS/cm, Check 21 at 493 puS/cm, Check 41 at
465 uS/cm, and Devil Canyon at 476 pS/cm. The 1997 to 2015 medians show an
increase in EC from upstream to downstream; however none of the locations and its
immediate upstream location was statistically significant, except between Banks and
O’Neill Forebay, and between Check 21 and Check 41. There is a statistically significant
increase of 58 puS/cm between Banks and O’Neill Forebay Outlet due to storage in San
Luis Reservoir and to mixing with water from the more saline DMC in O’Neill Forebay.
Check 41 was statistically significantly lower in EC than Check 21, most likely due to
non-Project inflows of lower EC water introduced between Check 21 and Check 41.

EC levels at Castaic Outlet are less variable than the aqueduct locations, due to the
dampening effect of about 500,000 acre-feet of storage on the West Branch. The
dampening effect is not seen in Silverwood Lake on the East Branch due to its limited
hydraulic residence time.

There are a number of real-time monitoring locations in the watersheds, along the
California Aqueduct, and in the reservoirs. There is good correspondence between the
grab sample and real-time EC data at most locations, with slight differences at Check
41and Castaic.
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e Time series graphs at each key location were visually inspected to determine if there are
any discernible trends. The only trends observed in the data are related to hydrology, with
EC increasing during dry years and decreasing during wet years. All of the dry year
medians increased from the 2011 WSS for all locations except for Hood, Vernalis, Banks
and Barker Slough. The dry year median for Hood and Banks remained the same,
compared to the 2011 WSS. The dry year median for Vernalis and Barker Slough
decreased slightly compared to the previous WSS.

e There were a number of locations where the maximum EC concentration over the entire
period of record occurred in either 2014 or 2015, the third and fourth consecutive years of
dry water years since 2012. For example:

o DV Check 7 maximum EC concentration of 894 uS/cm was measured in

February 2014.

o Pacheco maximum EC concentration of 681 uS/cm was measured in October
2015.

o O’Neill Forebay Outlet maximum EC concentration of 955 uS/cm was measured
in February 2014.

o Check 21 maximum EC concentration of 806 uS/cm was measured in October
2015.

o Check 41 maximum EC concentration of 722 puS/cm was measured in September
2015.

o Castaic Outlet maximum EC concentration of 632 uS/cm was measured in May
2015.

o Devil Canyon maximum EC concentration of 645 pS/cm was measured in
December 2015.

e EC levels during wet years are statistically significantly lower than EC levels during dry
years at all locations except Barker Slough and Castaic Outlet, as shown in Table ES-2.
The higher levels during dry years are due to less dilution of agricultural drainage, urban
runoff, and treated wastewater discharged to the rivers and Delta during low flow periods
and to seawater intrusion in the Delta during periods of low Delta outflow. Barker Slough
is influenced more by the local watershed than by differences in Delta conditions in
different year types. There is little variability in Castaic due to the dampening effects of
storage.

e There are distinct seasonal patterns in EC levels but they vary between locations. On the
Sacramento River, EC levels are lowest in the early summer, increase in the fall and then
decrease during the spring months. On the San Joaquin River, EC levels are lowest in the
spring during the VAMP flows, increase during the summer months due to agricultural
drainage discharges, continue to climb during the fall due to seawater intrusion, and
remain high until late winter or early spring when flow increases on the river. The
seasonal pattern at Banks is similar to the Sacramento River with the lowest levels in July
and the highest levels in December. The pattern seen at Banks is seen at most of the other
locations except below San Luis Reservoir there is a bimodal seasonal pattern with a
secondary peak in EC during May and June. Large amounts of water are released from
the reservoir during these months, resulting in higher EC levels in the California
Aqueduct.
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Table ES-2. Comparison of Dry Year and Wet Year EC Levels

Median EC (mg/L)
EC
Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood 167 146 21 13% D>W
Vernalis 726 414 312 43% D>W
Banks 497 305 192 39% D>W
Barker Slough 290 289 1 0% No
DV Check 7 504 307 197 39% D>W
McCabe 568 349 219 39% D>W
Pacheco 530 493 37 7% D>W
O'Neill Forebay
Outlet 544 381 163 30% D>W
Check 21 517 398 119 23% D>W
Check 41 491 354 137 28% D>W
Castaic Outlet 510 492 18 4% No
Devil Canyon 498 381 117 23% D>W
BROMIDE

e Bromide concentrations in the Sacramento River are low, often at or near the detection
limit of 0.01 mg/L. Bromide concentrations in the American River are non-detectable,
with the exception of one sample. Conversely, bromide concentrations are high in the San
Joaquin River (median of 0.24 mg/L).

e Bromide concentrations in the NBA are higher and more variable than at Hood but
substantially lower than the levels at Banks. The Barker Slough watershed is the source.
The median bromide concentration (0.04 mg/L) is the same at Barker Slough and
Cordelia.

e The median concentration of bromide at Banks (0.23 mg/L) is not statistically
significantly lower than the median of 0.24 mg/L at Vernalis. This is different than the
previous update, as Banks was statistically significantly lower than Vernalis. The 1990 to
2010 median for Banks was 0.19 mg/L, and the 1990 to 2015 median for Banks is 0.23
mg/L. Bromide levels are higher from 2012 to 2015 at Banks due to consecutive dry
years, which lead to greater seawater intrusion into the Delta due to lower flows into the
Sacramento and San Joaquin rivers.

e There was no significant difference between DV Check 7 and Banks in the last update.
The median bromide concentration Banks (0.22 mg/L) is now significantly higher than
the median bromide concentration at DV Check 7 (0.16 mg/L).
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There was a statistically significant increase in bromide between Banks (median of 0.18
mg/L) and San Luis Reservoir (median of 0.25 mg/L) in the last update; however, now
San Luis Reservoir (Pacheco) and Banks are the same at 0.25 mg/L.

Bromide concentrations in the DMC at McCabe (median of 0.22 mg/L) and at O’Neill
Forebay Outlet are not statistically significantly different from Banks. There used to be
statistically significant increase in bromide concentrations between Banks and O’Neill
Forebay Outlet. In addition, bromide does not change statistically significantly between
O’Neill Forebay Outlet and Castaic Outlet and Devil Canyon. Bromide concentrations in
Castaic Lake are slightly less variable than the aqueduct locations; however, the
dampening effect is not seen in Silverwood Lake.

Anion analyzers have measured bromide concentrations continuously at Banks and
Vernalis for over nine years. There is good correspondence between the grab sample and
real-time data at these two locations, with the exception of 2015 data at Vernalis. The
real-time data at Banks show that bromide concentrations are occasionally higher than the
levels measured in grab samples. The new real-time monitoring station at Gianelli does
not match consistently with grab samples.

Bromide concentrations are a function of the hydrology of the system. There are no
apparent long term trends at any of the other locations included in this analysis.

Bromide concentrations during dry years are statistically significantly higher than
bromide concentrations during wet years at all locations except Barker Slough, as shown
in Table ES-3. There are no statistically significant differences between year types at this
location. The median bromide concentrations during dry years are 50 to 100 percent
higher than the median concentrations during wet years. This is due to seawater intrusion
in the Delta during periods of low Delta outflow. All of the dry year medians increased
from the 2011 WSS for all locations except for Hood, Vernalis, Barker Slough, Pacheco
and Castaic. The dry year median for Hood, Barker Slough, Pacheco and Castaic
remained the same, compared to the 2011 WSS. The dry year median for Vernalis
decreased slightly compared to the 2011 WSS.

There are distinct seasonal patterns in bromide concentrations but they vary between
locations. At Barker Slough, bromide concentrations increase during the spring months
due to groundwater and subsurface flows from the Barker Slough watershed and then
decrease throughout the summer and fall months. On the San Joaquin River,
concentrations decrease throughout the winter and spring months to minimum levels in
May during the VAMP flows. The concentrations then increase throughout the summer,
fall, and early winter months. Concentrations are low at Banks from February through
July and then increase steadily throughout August, fall, and early winter months due to
the discharge of agricultural drainage and seawater intrusion. Downstream of San Luis
reservoir, bromide concentrations show the same pattern as Banks except there is a
secondary peak in May and June due to the release of large amounts of water from San
Luis Reservoir.
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Table ES-3. Comparison of Dry Year and Wet Year Bromide Concentrations

Median Bromide
(mg/L)
Bromide

Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood <0.01 <0.01 0 0% No
Vernalis 0.29 0.15 0.14 48% D>W
Banks 0.29 0.1 0.19 66% D>W
Barker Slough 0.04 0.04 0 0% No
DV Check 7 0.23 0.11 0.12 52% D>W
McCabe 0.27 0.12 0.15 56% D>W
Pacheco 0.26 0.23 0.03 12% D>W
O'Neill Forebay Outlet 0.28 0.14 0.14 50% D>W
Check 21 0.28 0.14 0.14 50% D>W
Check 41 0.23 0.13 0.1 43% D>W
Castaic Outlet 0.23 0.17 0.06 26% D>W
Devil Canyon 0.24 0.17 0.07 29% D>W

NUTRIENTS

Nutrient concentrations increase considerably in the Sacramento River between West
Sacramento and Hood, despite the inflow of the high quality American River, due mainly
to the discharge from the Sacramento Regional Wastewater Treatment Plant. The median
concentrations of total N (0.73 mg/L) and total P (0.08 mg/L) at Hood are statistically
significantly higher than the median concentrations of total N (0.29 mg/L) and total P
(0.05 mg/L) at West Sacramento. Total N and total P concentrations in the San Joaquin
River are considerably higher and more variable than concentrations in the Sacramento
River. The median total N concentration at Vernalis of 1.9 mg/L is the highest in the
SWP system. The total P median is 0.14 mg/L, almost twice the level found at Hood.

Nutrient concentrations in the NBA are higher than in the Sacramento River. The median
total N concentration is 0.8 mg/L and the median total P concentration is 0.19 mg/L. The
highest concentrations occur in the winter months due to the influence of runoff from the
local Barker Slough watershed.

Total N and total P concentrations in water exported from the Delta at Banks are
sufficiently high to cause algal blooms in the aqueducts and downstream reservoirs.

Nutrient concentrations do not change as water flows from the Delta through the SBA
and the California Aqueduct. Median total N concentrations are about 1.0 mg/L and
median total P concentrations are about 0.1 mg/L throughout the system, with the
exception of Castaic Outlet. The median concentrations are substantially lower at Castaic
Outlet (total N is 0.64 mg/L and total P is 0.04 mg/L). Algal uptake and subsequent
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settling of particulate matter may be responsible for the lower nutrient concentrations in
the terminal reservoirs.

e There is a shorter period of record for nutrient data than for other water quality
constituents such as organic carbon and EC, at many of the key locations. Time series
graphs at each key location were visually inspected to determine if there are any
discernible trends. Total P concentrations have been increasing at Hood, Banks, DV
Check 7, Pacheco, Check 13 and Check 21, particularly in 2014 and 2015. It’s not clear if
this is a trend or if it is related to hydrology since four of the last five years have been dry
years. No increase in total P is evident at Check 41 and downstream, due to non-Project
inflows that occur, primarily between Check 21 and 41. Total N did increase at Check 41,
particularly in 2014 and 2015 due to the introduction of non-Project water between
Check 21 and Check 41.

e Comparison of nutrient concentrations in dry years and wet years does not produce a
consistent pattern throughout the system, as shown in Tables ES-4 and ES-5. The
majority of locations show no significant difference between dry and wet years for total P
concentrations. It appears that when there is a significant difference between dry and wet
years, it can be attributed to a site-specific factor. For example at Hood, total P and total
N concentrations are statistically higher between dry years and wet years. This may be
due to the greater influence of the Sacramento Regional Wastewater Treatment Plant at
Hood. Check 41 total P is statistically lower in dry years compared to wet years, which
may be related to non-Project inflows that occur more frequently in dry years and are low
in total P.
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Table ES-4. Comparison of Dry Year and Wet Year Total N Concentrations

Median Total N
(mg/L)
Total N
Dry Wet Difference | Percent Statistical

Location Years Years (mg/L) Difference | Significance
Hood 0.81 0.57 0.24 30% D>W
Vernalis 2.0 1.5 0.5 25% D>W
Banks 0.88 0.77 0.11 13% No
Barker Slough 0.86 0.79 0.07 8% D>W
DV Check 7 0.81 0.86 -0.05 -6% No
McCabe NA NA
Pacheco 0.89 1 -0.11 -12% D<W
O'Neill Forebay
Outlet 0.96 0.92 0.04 4% No
Check 21 0.94 0.87 0.07 7% No
Check 41 1.4 0.96 0.44 31% D>W
Castaic Outlet 0.68 0.54 0.14 21% No
Devil Canyon 0.95 0.87 0.08 8% No

Table ES-5. Comparison of Dry Year and Wet Year Total P Concentrations

Median Total P
(mg/L)
Total P
Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood 0.09 0.07 0.02 22% D>W
Vernalis 0.16 0.16 0 0% No
Banks 0.1 0.1 0 0% No
Barker Slough 0.19 0.21 -0.02 -11% No
DV Check 7 0.1 0.09 0.01 10% No
McCabe NA NA
Pacheco 0.09 0.09 0 0% No
O'Neill Forebay
Outlet 0.09 0.09 0 0% No
Check 21 0.09 0.09 0 0% No
Check 41 0.08 0.1 -0.02 -25% D<W
Castaic Outlet 0.04 0.03 0.01 25% No
Devil Canyon 0.07 0.09 -0.02 -29% D<W

There were a number of locations where the maximum total P concentration over the
entire period of record occurred in either 2014 or 2015, the third and fourth consecutive
years of dry water years since 2012. For example:
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* Hood maximum total P concentration of 0.32 mg/L. was measured in December

2014.

» Vernalis maximum total P concentration of 0.61 mg/L was measured in December
2014.

= Barker Slough maximum total P concentration of 1.21 mg/L was measured in
February 2014.

= O’Neill Forebay Outlet maximum total P concentration of 0.33 mg/L. was
measured in February 2014.

=  Check 41 maximum total P concentration of 1.04 mg/L was measured in July
2015.

= (astaic Outlet maximum total P concentration of 0.11 mg/L. was measured in
April 2012.

Seasonal trends also vary throughout the system. On the Sacramento River, total N and
total P concentrations are highest during the wet season of November to February, and
lowest in July and August. This is likely due to the greater influence of the Sacramento
Regional Wastewater Treatment Plant during periods of low flow on the river. On the
San Joaquin River nutrient levels are highest from January to March and lowest in May
due to VAMP flows. The concentrations of both nutrients gradually increase during the
summer months due to agricultural drainage being discharged to the river. Total N
concentrations are highest at Banks from January through March, decline during the
summer months and gradually increase during the fall months. The total P concentrations
are high in the winter months, decrease during April, but then increase again in May and
June before declining throughout the rest of the summer and fall. The seasonal pattern at
a number of the check structures on the aqueduct is similar to the pattern at Banks except
that peak levels of total P occur about one month later.

TASTE AND ODOR INCIDENTS AND ALGAL TOXINS

Taste and Odor Incidents

Monitoring of 2-methylisoborneol (MIB) and geosmin was initiated at a number of
locations in the SWP between 2001 and 2005. Monitoring was initiated on the NBA in
2009. The samples are quickly analyzed and email reports are sent to the SWP
Contractors alerting them to potential T&O problems. Elevated T&O levels of both MIB
and geosmin continue to persist in Campbell Lake. Between 2009 and 2015, MIB and
geosmin have exceeded peaks of 1,000 ng/L, with a maximum MIB concentration of
3,020 ng/L in June 2015.

MIB peaks in excess of 10 ng/L have occurred at Clifton Court every summer since
monitoring was initiated in 2003. Geosmin concentrations have exceeded 10 ng/L in ten
of the thirteen years that monitoring has been conducted at Clifton Court. In August 2005
and 2008 MIB peaked at 78 ng/L in Clifton Court. Geosmin also reached a maximum of
30 ng/L in July 2015 at Clifton Court.
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e At Banks, MIB has been historically more of a problem than geosmin, due to the higher
peaks of MIB compared to geosmin. However, geosmin has been above 10 ng/L for more
summers than MIB. MIB concentrations have exceeded 10 ng/L in ten of fifteen years
and geosmin concentrations have exceeded 10 ng/L in thirteen of the fifteen years.
Concentrations exceeding 10 ng/L can be detected by most people and can result in
customer complaints to drinking water providers. The highest MIB concentration
measured at Banks was 74 ng/L in August 2004 and the highest geosmin concentration
was 32 ng/L in September 2006. Benthic cyanobacteria are responsible for most of the
T&O production in the Delta and Clifton Court.

e The peak levels of MIB and geosmin at Banks are quickly transported to the SBA and
peak MIB concentrations are similar from Banks to the SBA. However, peak geosmin
levels are lower at DV Check 7 compared to Banks. MIB concentrations at DV Check 7
exceeded 10 ng/L for ten out of fifteen years from 2001 to 2015, and geosmin exceeded
10 ng/L for seven out of fifteen years. The highest MIB concentration measured at DV
Check 7 was 50 ng/L in July 2007 and the highest geosmin concentration was 41 ng/L in
July 2016.

e San Luis Reservoir has generally low levels of MIB and geosmin (usually 4 ng/L or
lower) at Pacheco and at the Gianelli Inlet/Outlet tower on the east side of the reservoir.
However, there was one time period (September to December 2015) when MIB was high
at Pacheco, ranging from 25 to 301 ng/L. There was no data collected at the Gianelli
inlet/outlet tower in 2015, as sample collection was discontinued in July 2013 due to low
water levels in San Luis Reservoir. MIB was also high at the Gianelli water quality

station during this same time period (September to December 2015), ranging from 24 to
294 ng/L.

e Peak levels of geosmin were much lower than MIB, measuring between 6 and 11 ng/L at
Pacheco in August 2003, May to July 2013, and 16 to 96 ng/L in July 2016. There was no
data collected at the Gianelli inlet/outlet tower in 2016, as sample collection was
discontinued in July 2013 due to low water levels in San Luis Reservoir. Geosmin was
also high at the Gianelli water quality station in July 2016, ranging from 31 to 100 ng/L.

e Geosmin concentrations at O’Neill Forebay Outlet were elevated from November to
December 2014 and November 2015. These were the first exceedances above 10 ng/L for
geosmin since sampling began in 2002. Elevated geosmin levels were also at Gianelli
water quality station for both time periods, and at Banks in November and December
2014, but not in November 2015.

e MIB concentrations at O’Neill Forebay Outlet were elevated from August to September
2014, and also from the end of August to mid-December 2015. For both of these time
periods, MIB concentrations were lower at Banks. This is an opposite trend shown in the
previous WSS, where peak concentrations found at O’Neill Forebay Outlet (13 to 24
ng/L) were lower than those found at Banks. The source of the MIB is likely releases
from San Luis Reservoir, as elevated levels of MIB were also found at the Gianelli water
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quality station for these two time periods, as discussed earlier. Elevated MIB levels were
also at Pacheco from September 2015 to December 2015.

Table ES-6 summarizes time periods when T&O compounds were elevated (above 10
ng/L) at either Pacheco, Gianelli inlet/outlet tower, Gianelli water quality station, or
O’Neill Forebay. In summary, sometimes T&O samples collected at Pacheco reflect
similarly to T&O samples collected at O’Neill Forebay Outlet, but not all the time. As an
example, the Gianelli water quality station and O’Neill Forebay Outlet showed similar
elevated MIB levels in 2014, but were not elevated at Pacheco. However, Pacheco,
Gianelli water quality station, and O’Neill Forebay Outlet showed similar elevated MIB
levels in 2015. T&O samples collected at the Gianelli water quality station more
consistently reflect taste and odor samples collected at O’Neill Forebay Outlet.

Table ES-6. Elevated Taste and Odor Compounds at Various sites at/near San Luis

Reservoir
Constituent Time period Pacheco Gianelli I/O Gianelli WQ O’Neill
Station Forebay
Geosmin August 2005 NO YES No sample NO
Geosmin May-July 2013 YES YES No samples NO
Geosmin Nov-Dec 2014 NO No samples YES YES
Geosmin Nov 2015 NO No samples YES YES
Geosmin July 2016 YES No samples YES YES
MIB Aug- Sept. 2014 NO No samples YES YES
MIB Aug- Dec 2015 YES No samples YES YES

MIB and geosmin are generated in the aqueduct downstream from San Luis Reservoir.
Peak levels of 507 ng/L of MIB and 50 ng/L of geosmin have been found at Check 41. In
the East Branch at Check 66, peak levels have reached 532 ng/L for MIB and 260 ng/L
for geosmin. With the exception of summer 2006 for MIB, MIB and geosmin
concentrations have exceeded 10 ng/L every summer since monitoring was initiated at
Check 66 in 1999.

Castaic Lake has high levels of geosmin every summer (up to 830 ng/L) and occasional
MIB peaks greater than 10 ng/L. Geosmin concentrations routinely exceed 10 ng/L and
occasionally exceed 100 ng/L in the surface waters. High levels of geosmin can extend
throughout much of the water column during an algal bloom. However, the great depth of
the Castaic Lake outlet generally ameliorates the T&O produced in the surface waters.

Previously, Silverwood Lake did not have high geosmin levels similar to Castaic Lake.
However, geosmin was measured at 1,050 ng/L in August 2013 and at 1,220 ng/L in June
2014. It appears that the source is the lake, as geosmin concentrations were low in
summer 2013 and spring-summer 2014 at Check 66. Silverwood MIB concentrations
have exceeded 10 ng/L for ten out of fifteen years since monitoring began. Castaic MIB
concentrations have exceeded 10 ng/L in only two out of sixteen years of monitoring.
Prior to 2013, the source of T&O compounds in Silverwood Lake was the East Branch of
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the aqueduct. It’s clear that in the recent drought Silverwood Lake has been loaded with
cyanobacteria that produce T&O compounds in the reservoir.

Algal Toxins

DWR began cyanotoxin monitoring at various locations in the SWP in 2006. The 2013 to
2016 data shows that microcystin is found throughout the SWP above health advisory
(HA) levels except at Lake Perris and Lake Del Valle. Lake Perris is the only location
where cylindrospermopsin has been detected. Levels at Lake Perris are rarely above the
health advisory levels for children and never exceed the health advisory levels for adults.

Although cyanotoxins have been found in SWP source waters, it should be noted that the
HA levels for microcystin and cylindrospermopsin apply to finished or treated drinking
water. Additionally, compliance with the HA levels are not based on a single sample, but
calculated as a 10-day average.

Based on the DWR monitoring data, the highest microcystin concentrations are found in
Silverwood Lake and Pyramid Lake.

TURBIDITY

Turbidity levels in the Sacramento River are related to flows, with higher turbidities
associated with higher flows. The San Joaquin River shows the same pattern of rapidly
increasing turbidity when flows first increase in the winter months; however during
prolonged periods of high flows, turbidity drops back down. Median turbidity levels at
Vernalis (18 NTU) are higher than at Hood (10 NTU)).

The turbidity levels at Barker Slough are substantially higher (median of 29 NTU) and
more variable than at Hood or any other SWP monitoring location. Peak turbidity levels
occur in the winter months and in July. The high turbidity levels coupled with high levels
of organic carbon create significant treatment challenges for the NBA users.

The median turbidity at Banks (8 NTU) is statistically significantly lower than in the
Sacramento and San Joaquin rivers, reflecting settling in Delta channels and Clifton
Court Forebay. Although the median turbidity is low, there is tremendous variability in
turbidity at Banks. The turbidity levels at DV Check 7 on the SBA are similar to those at
Banks. Turbidity levels are low in the SWP reservoirs with a median of 2 NTU in
Pacheco and Devil Canyon and 1 NTU at Castaic Outlet. Turbidity decreases from a
median of 8§ NTU at Banks to a median of 5 NTU at O’Neill Forebay Outlet below San
Luis Reservoir and then slightly increases between O’Neill Forebay Outlet and Check 41
(median value 6 NTU).

There are a number of real-time instruments measuring turbidity in the SWP. Based on
the 2011 to 2015 data, the real-time turbidimeters showing the best correspondence to
grab sample data were located at Banks, DV Check 7, and Check 21. The poorest
correspondence was at Barker Slough, Check 41, Devil Canyon, and Castaic Lake Outlet.
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It is recommended to verify the proper maintenance of these four turbidimeters. In most
cases the real-time instruments produce results that are consistently higher than the grab
samples and in some cases the real-time results are lower than the grab samples.

Time series graphs at each key location were visually inspected to determine if there are
any discernible trends. Turbidity levels appear to continue to be lower and less variable at
a few locations and there are no apparent long-term trends at most locations. Turbidity is
influenced by hydrologic conditions and by system operation. The recent drought appears
to have resulted in lower turbidity levels during the 2011 through 2015 period at most
sites.

Turbidity levels are statistically significantly lower during dry years than wet years at
most locations that were included in this analysis, as shown in Table ES-7. At several
locations, including San Luis Reservoir and Castaic Outlet, there was no statistically
significant difference between dry and wet years.

The seasonal patterns vary greatly. The Sacramento River has high turbidity during the
winter months and low turbidity during the summer. The San Joaquin River shows an
opposite pattern with high turbidity during the summer. The seasonal pattern at Banks is
similar to the San Joaquin River. Along the aqueduct, there are peaks in the winter

months and again in June or July.

Table ES-7. Comparison of Dry Year and Wet Year Turbidity Levels

Median Turbidity (NTU) | Turbidity L.
. . Percent Statistical
Location Difference . s .
Difference | Significance
Dry Years | Wet Years (NTU)
Hood 8 12 -4 -50% D<W
Vernalis 17 18 -1 -6% D<w
Banks 7 10 -3 -43% D<w
Barker Slough 25 39 -14 -56% D<W
DV Check 7 6 9 -3 -50% D<w
McCabe 9 13 -4 -44% D<w
Pacheco 2 2 0 0% No
O'Neill Forebay 4 7 3 75% D<W
Outlet
Check 21 4 7 -3 -75% D<W
Check 41 5 9 -4 -80% D<W
Castaic Outlet 1 1 0 0% No
Devil Canyon 2 3 -1 -50% D<W
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PATHOGENS AND INDICATOR ORGANISMS

e The DWR diversion at the Banks Water Treatment Plant (WTP) in the Delta was sampled
for both indicator organisms and protozoa. Total coliform monthly median densities
generally exceeded 1,000 MPN/100 mL and were among the highest in the SWP sources
evaluated. Fecal coliform and E. coli densities were often greater than 200 MPN/100 mL,
especially in the winter months. There were no detects of either Giardia or
Cryptosporidium at the Banks Pumping Plant. Other Delta protozoa monitoring indicates
that the Sacramento and San Joaquin Rivers are sources of Giardia and Cryptosporidium.
This indicates a Bin 1 classification under Long Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR) would be appropriate for the Banks WTP. However, the
coliform data suggests that the 3-log Giardia and 4-log virus reduction requirements may
not be adequate for the Banks WTP and should be carefully reviewed by Division of
Drinking Water (DDW).

e The NBA Contractors previously completed LT2ESWTR monitoring, resulting in Bin 1
classifications. Cryptosporidium monitoring conducted during this study period detected
Cryptosporidium only once, continuing to support Bin 1 classification. Total coliform
monthly medians were similar to historical values, often exceeding 1,000 MPN/100 ml and
were among the highest in the SWP sources evaluated. However, E. coli monthly medians
remained stable and were below the 200 MPN/100 ml advanced treatment threshold in all
months. The current 2-log Cryptosporidium, 3-log Giardia, and 4-log virus reduction
requirements continue to be appropriate for the WTPs that treat NBA water.

e The SBA Contractors previously completed LT2ESWTR monitoring, resulting in Bin 1
classifications. Santa Clara Valley Water District (SCVWD) and Zone 7 Water Agency
conducted additional protozoan monitoring and the results are consistent with the previous
Bin 1 classification. The highest coliform densities were seen at Alameda County Water
District (ACWD)’s WTP2, but over 95 percent of the E. coli monthly medians were still
less than the 200 MPN/100 ml advanced treatment threshold. Peak total coliform densities
occurred in the summer months while peak E. coli densities occurred in the winter months.
The current 2-log Cryptosporidium, 3-log Giardia, and 4-log virus reduction requirements
continue to be appropriate for the WTPs that treat SBA water.

e SCVWD and DWR use San Luis Reservoir to supply the Santa Teresa and San Luis WTPs,
respectively. SCVWD previously completed LT2ESWTR monitoring, resulting in a Bin 1
classification at the Santa Teresa WTP. SCVWD recently conducted additional protozoan
monitoring for the Santa Teresa WTP and the results were consistent with the previous Bin
1 classification. Total coliform monthly medians were similar to historic values, and E. coli
monthly medians were also similar to historic values and well below the 200 MPN/100 ml
advanced treatment threshold. Peak E. coli densities occurred during wet weather months.
The current 2-log Cryptosporidium, 3-log Giardia, and 4-log virus reduction requirements
continue to be appropriate for the Santa Teresa and San Luis WTPs.

e Central Coast Water Authority (CCWA) previously completed LT2ESWTR monitoring,
resulting in a Bin 1 classification. CCWA initiated Giardia and Cryptosporidium
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monitoring during the study period and there were no detects of either protozoa. The
coliform data continued to show generally low overall densities. Total coliform monthly
medians were less than 1,000 MPN/100 mL in all but one month, and E. coli monthly
medians were well below the 200 MPN/100 ml advanced treatment threshold. The data
indicate that 2-log reduction of Cryptosporidium, 3-log reduction of Giardia, and 4-log
reduction of viruses continue to be appropriate for the Polonio Pass WTP.

e Kern County Water Agency (KCWA) conducted coliform and protozoa monitoring near its
turnout on the California Aqueduct. The source was previously classified as Bin 1 under
the LT2ESWTR and no additional action was required. Giardia and Cryptosporidium
monitoring during this study period resulted in no detections either. KCWA’s total coliform
densities can exceed 1,000 MPN/100 ml with peak monthly medians similar to those
presented in the 2011 Update. E. coli densities remained stable and below the 200
MPN/100 ml advanced treatment threshold in all but one month. The protozoan, fecal
coliform, and E. coli data indicate that the California Aqueduct in this reach should be
provided 2-log reduction of Cryptosporidium, 3-log reduction of Giardia, and 4-log
reduction of viruses. DWR monitoring at the Edmonston WTP shows total coliform
monthly medians always less than 1,000 MPN/100 mL and fecal coliform monthly medians
always less than 200 MPN/100 mL, however no treatment requirements apply.

e Metropolitan Water District of Southern California (MWDSC) and Crestline Lake
Arrowhead Water Agency (CLWA) previously completed LT2ESWTR monitoring for
their WTPs taking water from Castaic Lake, resulting in Bin 1 classifications. Both
agencies initiated Giardia and Cryptosporidium monitoring during the study period, with
no detections of either protozoa. DWR previously completed LT2ESWTR monitoring for
their WTPs taking water from Pyramid Lake, resulting in Bin 1 classifications. Total
coliform monthly medians at MWDSC’s Jensen WTP intake can exceed 1,000 MPN/100
ml during the summer months and peak densities were similar to those presented in the
2011 Update. E. coli remained stable and well below the 200 MPN/100 ml advanced
treatment threshold, with peak values occurring in 2011. Coliform densities in Castaic Lake
are lower and stable throughout the year. Coliform densities in Pyramid Lake are also
lower throughout the year. The fecal coliform, E. coli and protozoan data indicate that 2-
log reduction of Cryptosporidium, 3-log reduction of Giardia, and 4-log reduction of
viruses continue to be appropriate for the treatment plants treating water from the West
Branch.

e Antelope Valley East Kern Water Agency (AVEK) and Palmdale Water District
(Palmdale) previously completed LT2ESWTR monitoring, resulting in Bin 1
classifications. Both agencies initiated Giardia and Cryptosporidium monitoring during the
study period, with only one detect of Cryptosporidium. The AVEK total coliform monthly
medians were less than 1,000 MPN/100 ml and the fecal coliform and E. coli monthly
medians were well below the 200 MPN/100 ml advanced treatment threshold. The
Palmdale total coliform monthly medians were often above 1,000 MPN/100 ml. The E. coli
monthly medians were always below the 200 MPN/100 ml threshold. The fecal coliform,
E. coli, and protozoan data indicate that 2-log reduction of Cryptosporidium, 3-log
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reduction of Giardia, and 4-log reduction of viruses continue to be appropriate for the
treatment plants treating water from the East Branch.

MWDSC and Crestline-Lake Arrowhead Water Agency (CLAWA) previously completed
LT2ESWR monitoring at their WTPs, resulting in Bin 1 classifications for both agencies.
Both agencies initiated Giardia and Cryptosporidium monitoring during the study period,
with no detects of either protozoa. MWDSC’s data show that total coliform monthly
medians can exceed 1,000 MPN/100 ml, especially during the winter months, and median
densities are similar to those presented in the 2011 Update. E. coli remained stable and well
below the 200 MPN/100 ml advanced treatment threshold. The E. coli and protozoan data
indicate that 2-log reduction of Cryptosporidium, 3-log reduction of Giardia, and 4-log
reduction of viruses continue to be appropriate for the treatment plants treating water from
the East Branch lakes.

ARSENIC AND CHROMIUM

The introduction of non-Project groundwater inflows to the California Aqueduct between
Checks 23 and 39 can cause an increase in the concentration of total and dissolved
arsenic in the SWP water. All values in the SWP during the study period are less than the
MCL of 10 pg/L, but peak total arsenic values approached the MCL in late 2014 and
early 2015. This corresponded to a period when monthly turn-ins exceeded 50,000 acre-
feet. The arsenic levels of the turn-in groundwater can vary significantly, with median
total arsenic values ranging from 4.1 to 10 pg/L. The highest levels were seen in the
Semitropic Water Storage District’s (SWSD) turn-ins near Check 24.

Similar to arsenic, the introduction of non-Project groundwater inflows to the California
Aqueduct between Checks 23 and 39 can also cause an increase in the concentration of
total chromium and hexavalent chromium in the SWP water. All but one sample along
the California Aqueduct during the study were well below the total chromium MCL of 50
pg/L. Hexavalent chromium monitoring along the California Aqueduct show all sites are
well below the MCL of 10 pg/L. The hexavalent chromium levels of the turn-in
groundwater can vary significantly, with median hexavalent chromium values ranging
from 0.2 to 7.4 pg/L. The highest levels were seen in the SWSD turn-ins near Check 24
and the Arvin Edison Water Storage District (AESWD) turn-ins near Check 35.
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GRAZING

Grazing has been discussed as a potential contaminant source in previous watershed sanitary
surveys for the SWP. Chapter 11 provides an update on grazing activity in the watersheds of the
SWP, includes a regulatory background for grazing, discusses the presence of cattle by location,
and evaluates water quality near cattle locations as well as past and present recommendations to
address grazing. Although the focus of the chapter is on cattle grazing, information on grazing
activities of sheep and other livestock may be included.

e Management of grazing varies, depending on whether or not the grazing area is publicly
or privately owned. If publicly owned, then the rancher must follow the requirement of
the public agency owning the land, such as the Bureau of Land Management (BLM) or
the United States Forest Service (USFS). Grazing regulations on private lands is
determined by the individual Regional Water Quality Control Board (RWQCB)s, and the
nine RWQCBs regulate the potential impacts to water quality from grazing operations on
a region-by-region basis. Some RWQCBs have, or are developing, permits to address
grazing on both private and public lands. However, there are no statewide grazing
regulations on private lands.

e The State Water Resources Control Board is working with the staff and scientists at the
University of California Cooperative Extension (UCCE) Livestock and Natural
Resources Program to update the 1995 California Rangeland Water Quality Management
Plan. The updated plan will include strategies that consider regional differences in
hydrology, topography, climate, land use, and include watershed-wide or regional
monitoring programs to assess the effectiveness of the best management practices
(BMPs) implemented under regulatory or non-regulatory actions.

e This chapter also discusses the presence of cattle by location and evaluates water quality
near cattle location for the following areas: Delta, Barker Slough, Bethany Reservoir,
Lake Del Valle, San Luis Reservoir and O’Neill Forebay, Coastal Branch, and Pyramid
and Castaic Lakes.

e Based on the information from the UC Davis study, the areas within the Delta where both
grazing occurs and fecal coliform levels were elevated were Barker Slough, Calhoun Cut,
and Cache Slough.

e The Solano County Water Agency (SCWA) contracted with the Solano Resource
Conservation District (RCD) to assess the status of best management practices that were
installed between 2001 and 2006, as well as analyze grazing intensity, stocking rates, and
land use along Barker Slough. Fieldwork conducted by Solano RCD found that
exclusionary fencing was cut or broken, crossing gates tied open to allow cattle kept in
upland pastures access to Barker Slough, and water troughs not working due to leakage
or expense of water service. The report concluded that large numbers of cattle and sheep
are present inside the exclusionary fencing along Barker Slough many months of the
year, based on direct observation of livestock presence over a six-month monitoring
period.
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e Based on the information from the 2005 to 2006 SBA stormwater monitoring for the
SBA Watershed Protection Pollution Program Plan, drainages upstream of Bethany
Reservoir and Lake Del Valle showed high levels of Cryptosporidium, Giardia, and E.
coli in runoff. These results confirmed grazing as a source of pathogens to Bethany
Reservoir and Lake Del Valle. Additionally, E. coli levels at the Patterson Pass WTP
influent were elevated every January and February during the last five years. Based on
the stormwater monitoring conducted at Bethany during the winter of 2005 to 2006, and
the E. coli monitoring at the Patterson WTP, it appears that grazing could be impacting
water quality during storm events.

e (Grazing management is active within the Lake Del Valle watershed, as cattle are rotated
between pastures, and alternative water sources have been added for cattle grazing on
parcels owned by DWR or Zone 7. It is important to rotate feeding locations for cattle so
that manure is distributed evenly across the landscape. Grazing management practices
could not be obtained for cattle grazing on private lands within the Lake Del Valle
watershed. Similarly, grazing is managed at Pacheco State Park and cattle are rotated
often between pastures. However, grazing management practices could not be obtained
for cattle grazing on private land near Cottonwood Bay or Dinosaur Point for the San
Luis Reservoir. There are no cattle grazing within the San Luis State Recreation Area or
on BLM owned land in the San Luis Reservoir watershed. Based on evaluating available
pathogen and coliform data, there is no impact to water quality from grazing within the
San Luis Reservoir watershed and along the Coastal Branch. There is currently no
grazing in the Pyramid Lake and Castaic Lake watersheds.

e A study conducted on National Forest Lands showed a trend of increasing fecal indicator
bacteria with greater cattle densities; however, due to the low percentage of sites
exceeding the E. coli benchmarks of 190 and 235 cfu/100mL, the study concluded that
cattle on public lands does not cause increases in pathogenic microbes or nutrients.

e (rassland buffers are an effective method for reducing livestock inputs of waterborne E.
coli into surface waters. Tate et al. 2006 found that E. coli loads were either retained in
the fecal pat and/or attenuated within 0.1 m downslope of the fecal pat when runoff was
applied.

e Similar findings from the three studies were:

e FE. coli concentrations were highest when cattle were actively grazing.

e Higher runoff rates result in higher loads of E. coli and C. parvum discharged from
cattle fecal deposits on annual grasslands under rainfall-runoff conditions.

e Generally, the transport of C. parvum from land deposited fecal pats depends on a
number of variables such as distance to waterbody, timing of deposit relative to rain
runoff, and intensity of rain runoff. The presence of fecal pats in a watershed does not
automatically mean that viable oocysts are entering the nearest waterbody.

e Due to the dry years from 2012 to 2015, it appears that E. coli and C. parvum loads
would have less opportunity to be mobilized and flushed into watersheds of the SWP.
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DWR and the SWP contractors will consider the following two recommendations for grazing:

e DWR to consider a field visit to the tributaries sampled at Bethany and Lake Del Valle
during the 2005 to 2006 stormwater monitoring to evaluate the presence of deposited
cattle manure. If manure is present, it may be worthwhile to have the local RCD complete
extensive field work to assess grazing, similar to the work Solano RCD completed for
SCWA.

e SCWA to enter into a 10-year agreement with each landowner to exclude livestock from
grazing within the exclusionary fencing along Barker Slough.
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IMPACTS OF 2012 TO 2015 DROUGHT

In this chapter various aspects of the 2012 to 2015 drought are examined. Four areas are
evaluated in detail: 1) Delta hydrology, 2) Volumes of water pumped, 3) Sources of water, and
4) Impacts to water quality. A comparison of the 2012 to 2015 drought is compared to previous
drought periods of 1976 to 1977, 1987 to 1992, and 2007 to 2010 for volumes of water pumped,
sources of water, and impacts to water quality. Additionally, specific information on how the
2012 to 2015 drought impacted State Water Contractors is included.

e Water quality, pumping rates, and volumetric fingerprinting results were studied during
the four most recent drought periods of 1976 to 1997, 1987 to 1992, 2007 to 2010, and
2012 to 2015, based on availability of data.

Volumes of Water Pumped

e At the Barker Slough pumping plant, 2012 to 2015 pumping volumes were lower than
2007 to 2010. This is likely because there was only one wet year (2011) in between these
two drought periods. Pumping is typically higher from May through November.

e At the South Bay pumping plant, pumping volumes were similar from 2007 to 2010 and
2012 to 2015. However, both periods had lower pumping volumes compared to the 1976
to 1977 and 1987 to 1992 drought periods. It is difficult to ascertain if pumping volumes
were lower since 2007 due to the biological opinions, or the drought, or both. Pumping is
typically higher from June through October.

e At Banks Pumping plant, 2012 to 2015 pumping volumes were lower than 2007 to 2010
and 1987 to 1992 pumping volumes for all months except May and July. More Delta
water is exported from July to September due to the biological opinions, and limited
Delta water is exported from October to June.

Impacts to Water Quality — Comparison of Drought Periods

e Median and 90™ percentile values of bromide, TOC, EC, turbidity, total N and total P at
Banks during the four selected drought periods were compared. The most recent drought
period was similar to other drought periods in terms of water quality, with the exception
of TOC. Based on the available data, TOC was the only constituent statistically
significantly higher during the 2012 to 2015 drought compared to the 1987 to 1992 and
2007 to 2010 drought periods. (Only EC and total P data were available during the 1976
to 1977 period).

e Median and 90™ percentile values of bromide, TOC, EC, turbidity, total N and total P at
Barker Slough during the four selected drought periods were compared. The most recent
drought period was similar to other drought periods in terms of water quality, with the
exception of TOC and total P. Based on the available data, TOC and total P were higher
during the 2012 to 2015 drought period. The 2012 to 2015 TOC median was higher than
the 2007 to 2010 TOC median, but was not statistically significantly higher. TOC data
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from 1987 to 1992 was insufficient to conduct a comparison. The 2012 to 2015 total P
median was statistically significantly higher than the 1987 to 1990 median but not
statistically significant than the 2007 to 2011 median.

Sources of Water by Drought Period

Based on the volumetric fingerprinting results provided by DWR, agricultural drainage
was higher in 2012 to 2015 at the entrance to Clifton Court, compared to 2007 to 2010.
(Unfortunately, no comparison could be made to 1987 to 1992, as fingerprinting results
began in 1991). Therefore, it is assumed that the TOC increased at Banks in 2012 to 2015
due to higher contribution of agricultural drainage and less fresh water from both the
Sacramento and San Joaquin Rivers.

When all volumetric fingerprinting results are evaluated from 1991 to 2015, based on wet
and dry years, results indicate that at the entrance to Clifton Court Forebay, the
Sacramento River contributed the most water volume during both dry and wet years.
However, the Sacramento River contributes much more than the San Joaquin River in dry
years as the San Joaquin River contributes about 15 percent in dry years, but 40 percent
in wet years.

Impacts to Water Quality — Comparison of Wet and Dry Years

Table ES-8 shows a summary of which water quality constituents are statistically
significantly higher during wet or dry years. Banks and Barker Slough show different
trends. Barker Slough has higher TOC, turbidity, and total N during wet years. Banks has
higher TOC, EC, and bromide during dry years, and higher turbidity during wet years.
There is no difference between wet and dry years for EC, bromide and total P at Barker
Slough, and no difference between wet and dry years for nutrients (total P and total N) at
Banks.

TOC, turbidity, bromide and EC are driven by rainfall and runoff in the local Barker
Slough watershed. Median TOC, turbidity, and total N are statistically significantly
higher in wet years, as TOC and turbidity concentrations are storm related. Median EC,
bromide and total P show no statistical significant difference between wet and dry years.
Since EC is primarily from sodic soils in the local watershed, EC tends to be high
whenever baseflow peaks in any given year, whether a dry year or a wet year.

TOC, EC, bromide, and turbidity concentrations at Clifton Court are affected by the
relative contributions of freshwater flows, seawater intrusion, and agricultural drainage.
Nutrient concentrations are influenced by other sources such as treated wastewater flows
both in the Delta and upstream of the Delta. Median TOC, EC and bromide
concentrations at Banks are statistically significantly higher in dry years, while median
turbidity at Banks is statistically significantly higher in wet years.

Higher levels of bromide and EC during dry years are likely due to more seawater
intrusion into the Delta when freshwater flows from the Sacramento and San Joaquin
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rivers are low. Higher levels of TOC during dry years can be attributed to less dilution of
agricultural drainage water being pumped off Delta islands and potentially accumulating
in the South Delta until exported downstream. Higher levels of turbidity during wet years
are attributed to general watershed runoft.

Table ES-8. Summary of Wet Year/Dry Year Analysis at Banks and Barker Slough

Constituent Barker Banks
Slough
TOC (mg/L) W D
EC (uS/cm) - D
Bromide - D
(mg/L)
Turbidity W W
(NTU)
Total N W -
(mg/L)
Total P - -
(mg/L)

W= statistically significantly higher in wet year
D = statistically significantly higher in dry year
-= no statistical difference between wet and dry years

Impacts to State Water Contractors

The State Water Contractors were impacted by the 2012 to 2015 drought. Specifically,
the MWDSC and the ACWD reported similar impacts such as elevated levels of bromide,
turbidity (MWDSC only), EC (ACWD only) and algal blooms and taste and odor
compounds in the source waters. Generally, increased chemical costs were incurred for
additional coagulant, acid (MWDSC), carbon dioxide (ACWD), ozone and other
chemicals. Additional staff time was needed by MWDSC to conduct jar tests, adjust
chemical doses, and manage chemical treatments for algal blooms in source water
Teservoirs.

MWDSC also noted subsequent cost impacts from using more chemicals are: shortened
filter run times, increased sedimentation basin bridge runs, higher solids loading to the
wastewater basins/lagoons, and an overall increase in filter washwater and sedimentation
washwater which leads to decreased settling time in the washwater basins/lagoons and
increased turbidity in the return washwater.

Zone 7 Water Agency (Zone 7) experienced persistent treatment challenges during the
2012 to 2015 drought, specifically shortened filter runs and sporadic air binding in the
filters. Zone 7 was not able to pinpoint the shortened filter runs to a particular constituent
in the source water. Ferric chloride doses were increased from approximately 25 mg/L
before the drought to as high as 70 mg/L, in order to meet Partnership for Safe Water
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finished turbidity goals and generally optimize plant performance. With an increase in
ferric chloride dose, Zone 7 also saw a corresponding increase in sludge production. In
some cases, the sludge handling operation impacted plant water production. Additional
costs were incurred by Zone 7 from this increase in sludge handling and disposal. In
addition to the added cost of ferric chloride and sludge handling, staff time was spent
diagnosing the filtration process and evaluating alternative coagulants.

e In general, the NBA users experienced overall improved water quality due to the drought.
The NBA users were able to utilize the NBA for longer periods of time, primarily during
the winter and early spring months. The main reason for these improvements was a
significant reduction in runoff from the upstream Barker Slough Watershed, which is
typically comprised of poor water quality associated with high levels of organics,
turbidity, and pathogens. Unfortunately, the water quality improvements were tempered
with significant reductions in SWP allocations during the drought years.

e The CLWA was impacted by low water levels at Castaic Lake, which exposed lake
bottom. When precipitation occurred, erosion and runoff over the exposed boundaries
caused increased turbidity and solids loading to the CLWA water treatment plant.
Additionally, there was a wildfire in the Castaic Lake watershed in May 2013 which
exposed burnt areas. MWDSC also experienced elevated plant influent turbidity at the
Joseph Jensen Water Treatment Plant which treats water from Castaic Lake in October
2015. Increased turbidity and solids loading necessitated the use of more chemicals, and
decreased filter run times.

RECOMMENDATIONS

Chapter 13 contains recommendations for consideration by the SWP Contractors, DDW and the
DWR MWQI Program and O&M Division. These agencies will work together to determine if,
and how, the recommendations will be implemented.
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CHAPTER 1 INTRODUCTION

The State Water Project (SWP) provides drinking water to approximately two-thirds of
California’s population and is the nation’s largest state-built water development project. The
SWP extends from the mountains of Plumas County in the Feather River watershed to Lake
Perris in Riverside County. It is linked with the Central Valley Project that extends from
southern Oregon in the Sacramento River watershed to the Mendota Pool. The watershed of the
SWP is vast; encompassing the 27,000-square-mile Sacramento River and 13,000-square-mile
San Joaquin River watersheds and at times, the 13,000-square-mile Tulare Basin watershed.
There are numerous activities in the watershed that can affect drinking water quality. In addition,
the watersheds of Del Valle, San Luis, Pyramid, Castaic, Silverwood, and Perris reservoirs
contribute potential contaminants to the SWP system. There are also a few locations along the
Governor Edmund G. Brown California Aqueduct (California Aqueduct) where Coastal Range
drainage enters the system during flood events. Groundwater and surface water from other
sources are introduced to the California Aqueduct as a means of supplementing water supplies.
The Barker Slough watershed influences water quality for the North Bay Aqueduct (NBA),
possibly to a greater extent than any other local watershed within the SWP. With a watershed of
this size and complexity, the SWP Watershed Sanitary Survey is, by necessity, more complex
than sanitary surveys completed for smaller watersheds.

HISTORY OF THE SWP SANITARY SURVEY

The California SWP Watershed Sanitary Survey, 2016 Update (2016 Update) is the sixth
sanitary survey of the SWP. The 1990 Sanitary Survey of the SWP was the first sanitary survey
conducted in the state for the California Department of Health Services (CDHS), to comply with
the Surface Water Treatment Rule requirement for a watershed sanitary survey (Brown and
Caldwell, 1990). There was no guidance on how to conduct a sanitary survey so the SWP
Contractors worked closely with CDHS, the California Department of Water Resources (DWR)
and the consultant team to develop the scope. The 1990 Sanitary Survey focused on reviewing
available water quality data and providing an inventory of contaminant sources in the
Sacramento, San Joaquin, and Tulare watersheds and along the aqueducts, with minimal effort
on the contaminant sources in the SWP reservoir watersheds. The SWP Sanitary Action
Committee, formed to follow up on the recommendations contained in the 1990 Sanitary Survey,
produced the SWP Sanitary Survey Action Plan (State Water Contractors, 1994). A number of
the recommendations from the 1990 Sanitary Survey were addressed between 1990 and 1996.

The 1996 Update focused on the recommendations from the 1990 Sanitary Survey and major
changes in the watersheds between 1990 and 1996 (DWR, 1996). In addition, the 1996 Update
provided more details on contaminant sources in the watersheds of Del Valle, San Luis, Pyramid,
Castaic, Silverwood, and Perris reservoirs; the NBA Barker Slough watershed; and the open
canal section of the Coastal Branch.

The 2001 Update provided more details on contaminant sources in the watersheds of the SWP
reservoirs and along the aqueducts (DWR, 2001). It also contained a detailed analysis of
indicator organism and pathogen data from the SWP. A major objective of the 2001 Update was
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to provide the SWP Contractors with information needed to comply with the California
Department of Public Health (CDPH) Drinking Water Source Assessment Program
requirements.

Rather than simply updating all of the information from the previous three sanitary surveys, the
2006 Update provided an opportunity to concentrate on the key water quality issues that
challenge the SWP Contractors (Archibald Consulting et al., 2007). CDPH requested that the
2006 Update address the Jones Tract levee failure and emergency response procedures, efforts to
coordinate pathogen monitoring in response to the Long Term 2 Enhanced Surface Water
Treatment Rule, and a review of significant changes to the watersheds and their impacts on water
quality. The SWP Contractors developed the State Water Project Action Plan (State Water
Project Contractors Authority, 2007), which identified priorities and courses of action for
following up on the recommendations from the 2006 Update.

Similar to the 2006 Update, the 2011 Update concentrated on the key water quality issues that
challenge the SWP Contractors (Archibald Consulting et al., 2012). The SWP Contractors
requested that the 2011 Update provide updated information on drinking water regulations and
most of the issues addressed in the 2006 Update. CDPH requested that the 2011 Update include a
discussion of the impacts of the biological opinions and drought on water quality, the impacts of
non-Project inflows on water quality, subsidence along the aqueduct, and a discussion of the
monitoring conducted to comply with the Long-Term 2 Enhanced Surface Water Treatment
Rule. In addition, the 2011 Update presented all available water quality data at a large number of
locations in the Delta and along the aqueducts, rather than concentrating on the last five years of
data. This was done to assess long-term trends in the data.

SCOPE AND OBJECTIVES OF 2016 UPDATE

The SWP Contractors, DWR, and the Division of Drinking Water (DDW) formed a Sanitary
Survey Subcommittee to develop the scope of work for the 2016 Update.

The 2016 Update focuses on evaluating key water quality constituents in the SWP, as well as
specific topics on grazing and impacts from the 2012 to 2015 drought. In addition, a separate
report on contaminants in the San Joaquin River watershed was prepared by DWR. The
objectives of the 2016 Update are to:

o Satisty the DDW requirements to update the sanitary survey every five years.

e Highlight and focus on the SWP Contractors’ key source water quality issues.

e Conduct an analysis of all of the water quality data that has been gathered on the Delta
and the SWP facilities to identify spatial and long-term trends.
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REPORT ORGANIZATION

This report is organized in the following manner:
Chapter 1 — Introduction
Chapters 2 through 10 — Water Quality in the Watersheds and the State Water Project

These chapters address concerns over water quality constituents having the capacity to cause
drinking water standards to be violated or to reduce the quality of drinking water supplies
conveyed through the SWP. Although there are potentially numerous constituents in drinking
water sources, the key water quality challenges facing the SWP Contractors that treat water from
the SWP are balancing the formation of disinfection by-products, due to high concentrations of
organic carbon and bromide in the source water, with removing and inactivating pathogens such
as Giardia and Cryptosporidium; high nutrient concentrations that lead to algal blooms, taste and
odor problems, and operational problems.

Chapter 2 — Water Quality Background and Summary
Chapter 3 — Organic Carbon

Chapter 4 — Salinity

Chapter 5 — Bromide

Chapter 6 — Nutrients

Chapter 7 — Taste and Odor Incidents and Algal Toxins
Chapter 8 — Turbidity

Chapter 9 — Pathogens and Indicator Organisms
Chapter 10 — Arsenic and Chromium

Chapter 11 — Grazing

Grazing has been discussed as a potential contaminant source in previous watershed sanitary
surveys for the SWP. This chapter provides an update on grazing activity in the watersheds of
the SWP, regulatory background for grazing, discusses the presence of cattle by location, and
evaluates water quality near cattle locations as well as past and present recommendations to
address grazing.

Chapter 12 — Impacts of the 2012 to 2015 Drought

In this chapter various aspects of the 2012 to 2015 drought will be examined. Four areas will be
evaluated in detail: 1) Delta Hydrology, 2) Volumes of water pumped, 3) Sources of water, and
4) Impacts to water quality. A comparison of the 2012 to 2015 drought will be compared to
previous drought periods of 1976 to 1977, 1987 to 1992, and 2007 to 2010 for volumes of water
pumped, sources of water, and impacts to water quality. Additionally, specific information on
how the 2012 to 2015 drought impacted SWP Contractors is included.
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Chapter 13 — Recommendations
A summary of recommended actions are described in this chapter.

ACTION PLAN

Based on the information provided in Chapter 13 Recommendations, an Action Plan will be
developed by the Municipal Water Quality Investigations Specific Project Committee after
completion of the 2016 Update. The Action Plan will guide development of the scope of work
for the next update of the sanitary survey.
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CHAPTER 2 WATER QUALITY BACKGROUND AND SUMMARY

Chapters 3 to 10 contains detailed descriptions of water quality conditions in the Sacramento-San
Joaquin Delta (Delta) and the State Water Project (SWP). This chapter provides the background
on the SWP needed to understand the water quality chapters and it provides a summary of the
more detailed information that is in the following chapters. This chapter is organized to cover the
following topics:

e The SWP — This section provides a brief overview of the major facilities of the SWP.
e Hydrology and SWP Operations — The hydrologic conditions in the Sacramento and San
Joaquin basins and the Delta area discussed in this section. Key aspects of SWP

operations that affect water quality are also described.

e Water Quality Data — The sources of water quality data and the locations that are
included in the data analysis in Chapters 3 through 10 are discussed in this section.
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THE STATE WATER PROJECT

The SWP extends from the mountains of Plumas County in the Feather River watershed to Lake
Perris in Riverside County. Figure 2-1 shows the major features of the SWP. Water is delivered
to Plumas County Flood Control and Water Conservation District upstream of Lake Oroville.
The City of Yuba City and Butte County receive SWP water from Lake Oroville. The
Sacramento and San Joaquin rivers are the two major rivers providing water to the Delta, the
source of water for most SWP Contractors. Figure 2-2 shows the Delta and the key water quality
monitoring locations in the Delta and the tributaries to the Delta.

Water from the north Delta is pumped into the North Bay Aqueduct (NBA) at the Barker Slough
Pumping Plant, as shown in Figure 2-3. Barker Slough is a tidally influenced dead-end slough
which is tributary to Lindsey Slough. Lindsey Slough is a tributary to Cache Slough which is a
tributary to the Sacramento River. The pumping plant draws water from both the upstream
Barker Slough watershed and from the Sacramento River, via Lindsey and Cache Sloughs. Other
local sloughs may also contribute water to the NBA. The NBA pipeline extends 21 miles from
Barker Slough to Cordelia Forebay (Cordelia) and Pumping Plant, and then 7 miles to its
terminus at two 5-million gallon terminal tanks. The NBA serves as a municipal water supply
source for a number of municipalities in Solano and Napa counties. The Solano County Water
Agency (SCWA) and the Napa County Flood Control and Water Conservation District (Napa
County) are wholesale buyers of water from the SWP. In Solano County, NBA water is delivered
to the Travis Air Force Base and the cities of Benicia, Fairfield, Vacaville, and Vallejo. For Napa
County, NBA water is delivered to the cities of Napa, American Canyon, and treated NBA water
(from Napa) to Calistoga.

In the southern Delta, water enters SWP facilities at Clifton Court Forebay (Clifton Court), and
flows across the forebay about 3 miles to the H.O. Banks Delta Pumping Plant (Banks), from
which the water flows southward in the Governor Edmund G. Brown California Aqueduct
(California Aqueduct). Water is diverted into the South Bay Aqueduct (SBA) at Bethany
Reservoir, 1.2 miles downstream from Banks. Figure 2-4 is a map showing the locations of the
SBA facilities. The SBA consists of about 11 miles of open aqueduct followed by about 34 miles
of pipeline and tunnel serving East and South Bay communities through the Zone 7 Water
Agency of the Alameda County Flood Control and Water Conservation District (Zone 7 Water
Agency), Alameda County Water District (ACWD), and Santa Clara Valley Water District
(SCVWD). Water from the SBA can be pumped into or released from Lake Del Valle at the Del
Valle Pumping Plant. Lake Del Valle has a nominal capacity of 77,110 acre-feet, with 40,000
acre-feet for water supply. The terminus of the SBA is the Santa Clara Terminal Reservoir
(Terminal Tank).
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Figure 2-1. The State Water Project
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Figure 2-2. Delta Features and Monitoring Locations
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Figure 2-3. The North Bay Aqueduct
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Figure 2-4. The South Bay Aqueduct
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From Bethany Reservoir, water flows in the California Aqueduct about 59 miles to O’Neill
Forebay, as shown in Figure 2-5. The forebay is the start of the San Luis Joint-Use Facilities,
which serve both SWP and federal Central Valley Project (CVP) customers. CVP water is
pumped into O’Neill Forebay from the Delta-Mendota Canal (DMC). The DMC conveys water
from the C.W. “Bill” Jones Pumping Plant (Jones) to, and beyond, O’Neill Forebay. The O’Neill
Pump-Generation Plant (O’Neill Intake), located on the northeast side of O’Neill Forebay,
enables water to flow between the forebay and the DMC. San Luis Reservoir is connected to
O’Neill Forebay through an intake channel located on the southwest side of the forebay. Figure
2-6 is a location map that shows these features. Water in O’Neill Forebay can be pumped into
San Luis Reservoir by the William R. Gianelli Pumping-Generating Plant (Gianelli) or released
from the reservoir to the forebay to generate power. San Luis Reservoir, with a capacity of 2.03
million acre-feet, is jointly owned by the SWP and CVP, with 1.06 million acre-feet being the
state’s share. An intake on the west side of the reservoir provides drinking water supplies to
SCVWD. Water enters SCVWD facilities at Pacheco Pumping Plant (Pacheco), from which it is
pumped by tunnel and pipeline to water treatment and ground water recharge facilities in the
Santa Clara Valley.

Water released from the reservoir co-mingles in O’Neill Forebay with water delivered to the
forebay by the California Aqueduct and the DMC, and exits the forebay at O’Neill Forebay
Outlet, located on the southeast side of the forebay. O’Neill Forebay Outlet is the inception of
the San Luis Canal reach of the California Aqueduct, as shown in Figure 2-7. The San Luis
Canal extends about 100 miles to Check 21, near Kettleman City. The San Luis Canal reach of
the aqueduct serves mostly agricultural CVP customers and conveys SWP waters to points south.
Unlike the remainder of the California Aqueduct, which was constructed by the state, the San
Luis Canal reach was federally constructed and was designed to allow drainage from adjacent
land to enter the aqueduct. Local streams that run eastward from the Coastal Range mountains
bisect the aqueduct at various points. During storms, water from some of these streams enters the
aqueduct. This is generally not the case for the other reaches of the aqueduct.

The junction with the Coastal Branch of the aqueduct is located 185 miles downstream of Banks
and about 12 miles south of Check 21. The Coastal Branch provides drinking water supplies to
central California coastal communities through the Central Coast Water Authority (CCWA) and
the San Luis Obispo County Flood Control and Water Conservation District. Figure 2-8 is a map
showing locations of these facilities. The Coastal Branch is 115 miles long; the first 15 miles are
open aqueduct and the remainder is a pipeline.
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Figure 2-5. California Aqueduct between Banks Pumping Plant and San Luis Reservoir
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Figure 2-6. O’Neill Forebay and San Luis Reservoir
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Figure 2-7. San Luis Canal Reach of the California Aqueduct

Final Report 2-10 June 2017



California State Water Project Chapter 2
Watershed Sanitary Survey 2016 Update Water Quality Background and Summary

Figure 2-8. The Coastal Branch of the California Aqueduct
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From the junction with the Coastal Branch, water continues southward in the California
Aqueduct as shown in Figure 2-9, providing water to both agricultural and drinking water
customers in the service area of Kern County Water Agency (KCWA). The Kern River Intertie is
designed to permit Kern River water to enter the aqueduct during periods of high flow. Due to
increasingly scarce California water supplies, the SWP is used to convey both surface water and
groundwater acquired through transfers and exchanges among local agencies. Most of the non-
Project water enters the aqueduct between Check 21 and Check 41. Edmonston Pumping Plant is
at the northern foot of the Tehachapi Mountains. This facility lifts SWP water about 2000 feet by
multi-stage pumps through tunnels to Check 41, located on the south side of the Tehachapi
Mountains. About a mile downstream, the California Aqueduct divides into the West and East
Branches. The West Branch flows 14 miles to Pyramid Lake, then another 17 miles to the outlet
of Castaic Lake, the drinking water supply intake of the Metropolitan Water District of Southern
California (MWDSC) and Castaic Lake Water Agency (CLWA). Pyramid Lake has a capacity of
171,200 acre-feet and Castaic Lake has a capacity of 323,700 acre-feet. Figure 2-10 is a map
showing locations of West Branch features.

From the bifurcation of the East and West Branches, water flows in the East Branch to high
desert communities in the Antelope Valley served by the Antelope Valley East Kern Water
Agency (AVEK) and the Palmdale Water District (Palmdale). Figure 2-11 is a map showing
East Branch features. As in the southern San Joaquin Valley, groundwater from the local area
has occasionally been allowed into the aqueduct to alleviate drought emergencies. On the East
Branch near Hesperia, surface water drainage from part of that city enters the aqueduct during
storm events. The inlet to Silverwood Lake is located on the north side of the reservoir near
Check 66. Silverwood Lake has a capacity of 74,970 acre-feet and serves as a drinking water
supply for the Crestline-Lake Arrowhead Water District (CLAWA). Water is drawn from the
south side of the reservoir and flows through the Devil Canyon Powerplant to the two Devil
Canyon afterbays. Drinking water supplies are delivered to MWDSC and San Bernardino Valley
Municipal Water District from this point, and water is also transported via the Santa Ana
Pipeline to Lake Perris, which is the terminus of the East Branch. MWDSC routinely takes a
small amount of water from Lake Perris.
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Figure 2-9. California Aqueduct between Check 21 and Check 41
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Figure 2-10. The West Branch of the California Aqueduct
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Figure 2-11. The East Branch of the California Aqueduct
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HYDROLOGY AND OPERATIONS

The Delta is located at the confluence of the Sacramento and San Joaquin rivers and San
Francisco Bay. Water quality at the SWP export locations is greatly affected by hydrologic
conditions in the Sacramento and San Joaquin basins, operations of reservoirs, and operations of
the Delta Cross Channel and barriers in the South Delta. The water quality of water delivered to
SWP Contractors south of the Delta is also affected by the timing of diversions and the
operations of reservoirs south of the Delta. A brief overview of Delta hydrology and SWP
operations is provided in this section to place the water quality discussion in proper context.

DELTA HYDROLOGY AND OPERATIONS
Delta Inflow

The two major sources of freshwater inflow to the Delta are the Sacramento and San Joaquin
rivers. Additional flows come from the eastside tributaries: the Mokelumne, Calaveras, and
Cosumnes rivers. The Sacramento River provides approximately 75 to 85 percent of the
freshwater flow to the Delta and the San Joaquin River provides about 10 to 15 percent of the
flow. Mean daily flows measured at Freeport on the Sacramento River are shown in Figure 2-12
for the period of March 1976 through December 2015. This period of record was selected
because all available water quality data are discussed in this chapter and water quality data are
available from the early 1980s at some locations. During extremely wet years, Sacramento River
flows can exceed 100,000 cubic feet per second (cfs) at Freeport. Freeport is downstream of the
Sacramento urban area, as shown previously on Figure 2-2. To prevent flooding in the
Sacramento urban area, high flows on the Sacramento River are diverted into the Yolo Bypass at
Fremont Weir, upstream of Sacramento.

Figure 2-12 indicates that the flows in the San Joaquin River at Vernalis are substantially lower
than flows in the Sacramento River. Peak flows can exceed 50,000 cfs but flows are normally
much lower. The Vernalis Adaptive Mangement Plan (VAMP) is designed to improve the
survival of salmon smolts migrating down the San Joaquin River in the spring. Flows are
increased on the San Joaquin River between April 15 and May 15 of each year by releasing
water from reservoirs on the Merced, Stanislaus, and Tuolumne rivers. Combined exports at the
Banks and Jones pumping plants are reduced to 1,500 cfs.

Flows on the Sacramento and San Joaquin rivers are highly managed. CVP and SWP reservoirs
on the rivers and their tributaries attenuate the highly variable natural flows, capturing high
volume flows during short winter and spring periods and releasing water throughout the year.
The California Department of Water Resources (DWR) classifies each water year based on the
amount of unimpaired runoff that would have occurred in the watershed unaltered by water
diversions, storage, exports, and imports. Table 2-1 presents the water year classifications for the
Sacramento and San Joaquin basins between 1980 and 2015. This table illustrates that there are
multi-year dry periods and multi-year wet periods.
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Figure 2-12. Mean Daily Flow for Sacramento River at Freeport (1976-2015) and San

Joaquin River at Vernalis (1993-2015)
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Table 2-1. Water Year Classifications

Water Year Sacramento Basin San Joaquin Basin
1980 Above Normal Wet
1981
1982 Wet Wet
1983 Wet Wet
1984 Wet Above Normal
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995 Wet Wet
1996 Wet Wet
1997 Wet Wet
1998 Wet Wet
1999 Wet Above Normal
2000 Above Normal Above Normal
2001
2002
2003
2004
2005 Above Normal
2006 Wet
2007
2008
2009
2010 Above Normal
2011 Wet
2012
2013
2014
2015

Source: http://cdec.water.ca.qgov/cqgi-progs/iodir/wsihist

Delta Outflow Index

Delta outflow, inflow that is not exported at the SWP and CVP pumps or diverted for use within
the Delta, is the primary factor controlling salinity in the Delta. Except under conditions of high
winter runoff, Delta outflow is dominated by tidal ebb and flood. Over the tidal cycle, flows
move downstream toward San Francisco Bay during ebb tides and move upstream during flood
tides. Freshwater flows provide a barrier against seawater intrusion. When Delta outflow is low,
seawater can intrude further into the Delta, increasing salinity and bromide concentrations at the
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export locations. Figure 2-13 shows the variable and seasonal nature of Delta outflow from 2000
to 2015.

Data was obtained from the DWR’s Dayflow home page. Dayflow is a computer program
designed to estimate daily average Delta outflow. The program uses daily river inflows, water
exports, rainfall, and estimates of Delta agriculture depletions to estimate the “net” flow at the
confluence of the Sacramento and San Joaquin Rivers, nominally at Chipps Island. It is a key
index of the physical, chemical, biological state of the northern reach of the San Francisco
Estuary. The Dayflow estimate of Delta outflow is referred to as the “net Delta outflow index”
(NDOI) because it does not account for tidal flows, the fortnight lunar fill-drain cycle of the
estuary, or barometric pressure changes. It is a quantity that never actually occurs in real time.
Rather it is an estimate of the net difference between ebbing and flooding tidal flows at Chipps
Island ( ~ + /- 150,000 cfs), aliased to a daily average. Depending on conditions, the actual net
Delta outflow for a given day can be much higher or lower than the Dayflow estimate.

Figure 2-13. Net Delta Outflow Index
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Source: http://www.water.ca.gov/dayflow/
Delta Operations

Water from the Sacramento River flows into the central Delta via Georgiana Slough and the
Delta Cross Channel, which connects the Sacramento River to the Mokelumne River via
Snodgrass Slough (see Figure 2-2). The Delta Cross Channel is operated by the U.S. Bureau of
Reclamation (Reclamation). The Cross Channel operations are determined by several factors,
including fish migration, Delta water quality, and flow in the Sacramento River. The Cross
Channel is generally closed between January and mid-June, open between mid-June and
October, and closed in November and December. Flows of Sacramento River water through the
Delta Cross Channel improve central Delta water quality by increasing the flow of higher quality
(lower salinity, lower organic carbon) Sacramento River water into the central and southern
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Delta. The relative impact of the Delta Cross Channel operations on water quality at the south
Delta pumping plants is governed by pumping rates and flows on the San Joaquin River.

DWR installs temporary rock barriers in south Delta channels (Old River near Tracy, Grant Line
Canal, and Middle River) to enhance water levels and improve circulation in the south Delta for
agricultural diversions. These barriers are generally in place during the irrigation season of June
to October. Another temporary barrier is installed in the spring (mid-April to mid-June) at the
head of Old River to aid salmon migration down the San Joaquin River. This barrier is also
installed in the fall, if needed, to aid salmon migrating up the San Joaquin River to spawn.
Figure 2-14 shows the locations of the temporary barriers. These barriers divert San Joaquin
River water to the central Delta where it can be mixed with Sacramento and Mokelumne river
water before entering the south Delta pumping plants. The degree of water quality improvement
by mixing with Sacramento River water is dependent on the rate of pumping, which is controlled
by the amount of reverse flow permitted on the Old and Middle rivers.

Figure 2-14. South Delta Temporary Barriers
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Sacramento-San Joaquin Delta and Suisun March.

Sources of Water at South Delta Pumping Plants

DWR uses results from the Delta Simulation Model 2 (DSM2) to identify the contributing
sources of water volume, electrical conductivity (EC), and dissolved organic carbon (DOC) at
each of the Delta intakes; this technique is known as fingerprinting. The fingerprinting technique
has been described by DWR (DWR, 2005a). The volumetric fingerprint, which shows the
relative volumes of water from various sources at Clifton Court, is shown in Figure 2-15. This
figure shows that the Sacramento River is the predominant source of water for the SWP at
Clifton Court; however, during wet and above normal years in the San Joaquin Basin and at
other times when flow in the San Joaquin River is relatively high, the San Joaquin River
contributes more water to the SWP. During the 1991 to 2015 period, the Sacramento River
contributed an average of 58 percent of the water at Clifton Court, the San Joaquin River
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contributed 26 percent, and the eastside streams (Cosumnes, Mokelumne, and Calaveras rivers)
contributed 5 percent. The remaining water came from seawater intrusion and agricultural drains,
as described below. The volumetric fingerprint for Jones is shown in Figure 2-16. This figure
clearly shows the greater influence of the San Joaquin River at Jones. During the 1991 to 2015
period, the Sacramento River contributed an average of 45 percent of the water at Jones, the San
Joaquin River contributed an average of 44 percent, and the eastside streams contributed 4
percent. The remaining water came from seawater intrusion and agricultural drains.

Figure 2-15. Volumetric Fingerprint at Clifton Court
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Figure 2-16. Volumetric Fingerprint at Jones

Seawater intrusion is represented on the fingerprints as “Martinez”’; Martinez represents the
western boundary of the Delta in the DSM2 model. Seawater intrusion is most significant during
the fall months, when river flows are minimal. During the fall months of critically dry years, the
Martinez water volume can sometimes be 2 to 3 percent of the total volume at both pumping
plants. However, since the water at Martinez is heavily influenced by seawater intrusion, that
small volume can contribute significant salinity and bromide, as described later in this chapter.

Drainage from Delta islands also contributes an average of 9 percent of the water volume at
Clifton Court and 8 percent at Jones. During the 1991 to 2015 period, the maximum contribution
of water volume from agricultural drains was 26 percent at Clifton Court and 34 percent at Jones.
Agricultural drains contribute the greatest percent of water during the January through April
period. Due to the high concentrations of DOC in agricultural drainage, this is a significant
source of organic carbon at both pumping plants.
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STATE WATER PROJECT OPERATIONS

Information is presented in this section on pumping at the major pumping plants supplying water
to the NBA, SBA, and California Aqueduct and on releases from Lake Del Valle to the SBA and
San Luis Reservoir to the California Aqueduct from 1998 to 2015. From 1998 to 2006,
diversions at the Banks Pumping Plant were governed by the 1995 Bay-Delta Plan (D-1641).
The Bay-Delta Plan established new water quality objectives for the Delta that resulted in lower
diversions of water from the Delta in the spring and higher diversions in the fall, starting in 1998.
Delta operations changed again in 2007 when DWR voluntarily reduced exports in the spring to
reduce entrainment of delta smelt. Biological opinions issued by the U.S. Fish and Wildlife
Service (USFWS) and the National Marine Fisheries Service (NMFS) and court orders (the
Wanger Decision) changed operations at the south Delta pumping plants beginning in 2008.

North Bay Aqueduct

Water is pumped into the NBA via the Barker Slough Pumping Plant. Figure 2-17 presents
annual pumping at the Barker Slough Pumping Plant for the 1998 to 2015 period. Figure 2-17
shows pumped volumes ranged from about 35,000 acre-feet in 2015 to almost 60,000 acre-feet in
2007. Figure 2-18 presents the average monthly pumping for the 1998 to 2015 period. This
figure shows that pumping during the months of January to April is minimal and pumping is
relatively high for the remaining months.
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Figure 2-17. Annual Pumping at the Barker Slough Pumping Plant
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Figure 2-18. Average Monthly Pumping at the Barker Slough Pumping Plant
(1998 to 2015)
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Banks Pumping Plant

Water is pumped into the California Aqueduct via the Banks Pumping Plant. Figure 2-19
presents the annual pumping at Banks for the 1998 to 2015 period. Figure 2-19 shows pumped
volumes ranged from 840,000 acre-feet in 2015 to over 4 million acre-feet in 2005. As discussed
previously, pumping operations changed starting in 2007. Figure 2-20 presents the average
monthly pumping from 1998 to 2015. This figure shows that pumping is highest in the summer
months and lowest in the April to June period.

South Bay Aqueduct

As discussed previously, water is pumped from Bethany Reservoir via the South Bay Pumping
Plant into the SBA. Figure 2-21 presents annual pumping at the South Bay Pumping Plant for
the 1998 to 2015 period. Figure 2-21 shows a large range in pumped volumes with less than
80,000 acre-feet pumped in 1998 to almost 160,000 acre-feet pumped in 2007. Figure 2-22
presents the average monthly pumping from 1998 to 2015. This figure shows that the least
amount of water is pumped into the SBA during the winter months and the most is pumped in
during the summer months. Lake Del Valle is the other source of water for the SBA Contractors.
Lake Del Valle receives natural inflows from its watershed and Delta water pumped into it at the
Del Valle Pumping Plant. Figure 2-23 presents the average monthly pumping at the South Bay
Pumping Plant and average monthly releases from Lake Del Valle for the 1998 to 2015 period.
During most months of the year there are minimal releases from Lake Del Valle so ACWD and
SCVWD are receiving primarily water from the Delta. Water is released from Lake Del Valle
primarily from September to November and can represent a large portion of the water that
ACWD and SCVWD receive during these months, particularly in November.
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Figure 2-19. Annual Pumping at the Banks Pumping Plant
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Figure 2-20. Average Monthly Pumping at the Banks Pumping Plant
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Figure 2-21. Annual Pumping at the South Bay Pumping Plant
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Figure 2-22. Average Monthly Pumping at the South Bay Pumping Plant
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Figure 2-23. Monthly Pumping at the South Bay Pumping Plant
and Releases from Lake Del Valle (1998 to 2015)
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San Luis Reservoir

Water is generally pumped into San Luis Reservoir starting between the fall months and March,
when supplies are available and demand for water is lowest. The stored water is released from
the reservoir during the summer months when agricultural and urban demands are highest.
Figure 2-24 shows the average monthly pumping and releases from the Gianelli Pumping Plant
for the 1998 to 2015 period.
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Figure 2-24. Monthly Pumping at the Gianelli Pumping Plant
and Releases from San Luis Reservoir (1998 to 2015)
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WATER QUALITY DATA
DATA SOURCES

Sources of data include flow data from the U.S. Geological Survey (USGS) and DWR, as well as
discrete (grab) sample water quality data and continuous recorder (real-time) water quality data
from DWR monitoring stations in the Delta and SWP. The grab sample data were obtained from
DWR'’s Water Data Library and the real-time data were obtained from CDEC. A number of SWP
Contractors provided pathogen and indicator organism data. The pathogen data provided by the
Contractors generally comes from the intakes to their water treatment plants rather than at
locations in the SWP that are monitored by DWR.

MONITORING LOCATIONS

Chapters 3 through 10 contain a discussion of data collected at numerous locations in the major
rivers, the Delta, and the SWP, with varying periods of record. Figure 2-2 shows the monitoring
locations in the Delta and Figures 2-3 through 2-11 show the monitoring locations along the
SWP. Table 2-2 provides a brief explanation of the monitoring locations that are referred to in
the following chapters.
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Table 2-2. Water Quality Monitoring Locations

Monitoring Location

Abbreviated
Name

Description

The SWP Watershed

Sacramento River at West
Sacramento

West Sacramento

Sacramento River upstream of Sacramento urban area

American River

American

American River five miles upstream of confluence with Sacramento
River

Sacramento River at Hood

Hood

Sacramento River inflow to the Delta

Sacramento River at Greenes
Landing

Greenes Landing

Sacramento River inflow to the Delta two miles downstream of Hood.
This station was replaced by Hood.

Mokelumne River at Wimpys Mokelumne Mokelumne River inflow to the Delta

Ezl;;/eras River at Brookside Calaveras Calaveras River inflow to the Delta

San Joaquin River near Vernalis Vernalis San Joaquin River inflow to the Delta

Clifton Court Forebay Inlet Clifton Court Inlet to Clifton Court Forebay from Old River

Structure

Harvey O. Banks Delta Pumping . . .

Plant Headworks Banks Inception of California Aqueduct

North Bay Aqueduct

Barker Slough Pumping Plant Barker Slough Inlet to North Bay Aqueduct (supplies Fairfield and Vacaville)

Cordelia Pumping Plant Forebay Cordelia North Bay Aqueduct (supplies Vallejo, Benicia, Napa, and American
Canyon)

South Bay Aqueduct

Del Valle Check 7 DV Check 7 SBA upstream of Lake Del Valle

Del Valle Conservation Outlet Conservation Outlet Outlet from Lake Del Valle to SBA

Vallecitos Turnout Vallecitos SBA downstream of Lake Del Valle

Santa Clara Terminal Reservoir

Terminal Tank

Terminus of the SBA at SCVWD intake

Delta-Mendota Canal

Headworks at Jones Pumping
Plant

Jones

Inception of the DMC

DMC at McCabe Road

McCabe

DMC upstream of O’Neill Forebay at McCabe Road bridge

DMC at O’Neill Intake

O’Neill Intake

DMC at milepost 70 near O’Neill Pump-Generation Plant

California Aqueduct and
Reservoirs

Pacheco Pumping Plant

Pacheco

San Luis Reservoir releases to SCVWD

Gianelli Pumping-Generating
Plant

Gianelli

San Luis Reservoir releases to O’Neill Forebay and California
Aqueduct

O’Neill Forebay Outlet

O’Neill Forebay
Outlet

California Aqueduct at O’Neill Forebay outlet

California Aqueduct at end of San Luis Canal reach. Represents water

Check 21 Check 21 quality in Coastal Branch Aqueduct.

Check 29 Check 29 California Aqueduct 3.5 miles downstream of Kern River Intertie

Check 41 Check 41 Inlet to Tehachapi Afterbay near bifurcation of East and West
Branches

Check 66 Check 66 East Branch, near Silverwood Lake inlet

Castaic Lake Outlet Tower

Castaic Outlet

Outlet from Castaic Lake on the West Branch. Samples are collected
in surface water at 1 meter depth.

Silverwood Lake at San
Bernardino Tunnel

Silverwood Outlet

Outlet from Silverwood Lake via the San Bernardino Tunnel to Devil
Canyon.

Devil Canyon Headworks and
Afterbay

Devil Canyon

Devil Canyon Afterbay, intake for MWDSC’s Mills WTP, and for
San Bernardino Valley Municipal Water District.

Lake Perris

Perris Outlet

Outlet to Lake Perris and intake for MWDSC, terminus of East

Branch.
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Rather than comparing water quality conditions for the last five years (2011 to 2015) to data
from the previous five years, the entire period of record at each key location is evaluated. This
approach was taken because the hydrologic conditions of the system greatly affect water quality.
Comparing one five year period to the previous five year period is not meaningful if the
hydrologic conditions are different. Data are presented in summary form for all locations listed
in Table 2-2, if available, and analyzed in more detail for the following key locations, including
those that are the sources of water to the Contractors’ water treatment plants.

e Sacramento River at Hood (Hood) — Represents the quality of water flowing into the
Delta from the Sacramento River.

e San Joaquin River at Vernalis (Vernalis) — Represents the quality of water flowing into
the Delta from the San Joaquin River.

e Barker Slough Pumping Plant (Barker Slough) — Represents the quality of water entering
the NBA.

e Banks Pumping Plant (Banks) — Represents the quality of water entering the California
Aqueduct.

e South Bay Aqueduct Del Valle Check 7 (DV Check 7) - Represents SBA water quality
upstream of releases from Lake Del Valle. Since limited data are collected downstream of
this location, it is used to represent the quality of water delivered to all SBA Contractors.

e Delta-Mendota Canal at McCabe Road (McCabe) — Represents the quality of water
entering O’Neill Forebay from the DMC.

e Pacheco Pumping Plant (Pacheco) — Represents the quality of water delivered to
SCVWD from San Luis Reservoir. This location is also used to represent the quality of
water delivered to O’Neill Forebay from San Luis Reservoir since limited data are
available at Gianell:.

e William R. Gianelli Pumping-Generating Plant (Gianelli) — Represents O’Neill Forebay
water when pumping occurs into San Luis Reservoir, and San Luis Reservoir water when
releases occur from San Luis Reservoir.

e (California Aqueduct O’Neill Forebay Outlet — Represents the quality of water entering
the California Aqueduct after mixing of water from the aqueduct, DMC, and San Luis
Reservoir in O’Neill Forebay.

e California Aqueduct Check 21 (Check 21) — Represents the quality of water entering the
Coastal Branch and delivered to Central Coast Water Authority and San Luis Obispo
County Flood Control and Water Conservation District. This location is also used to
evaluate the impacts of inflows to the aqueduct between O’Neill Forebay Outlet and
Check 21.
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e California Aqueduct Check 41 (Check 41) — Represents the quality of water entering the
east and west branches of the aqueduct. This location is also used to evaluate the impacts
of inflows to the aqueduct between Check 21 and Check 41.

e Castaic Lake Outlet (Castaic Outlet) — This is the terminus of the west branch of the
aqueduct. It represents the quality of water delivered to MWDSC and CLWA. Deliveries
to the Ventura County Flood Control and Water Conservation District are made directly
to the Santa Clara River.

e Devil Canyon Afterbay (Devil Canyon) and Silverwood Lake (Silverwood) — Represents
the quality of water delivered to MWDSC, CLAWA, and San Bernardino Valley
Municipal Water District.

DATA EVALUATION AND STATISTICAL ANALYSIS

Time series plots are presented for each of the key locations for each constituent that is discussed
in the following chapters. Non-detects were set at the detection limit and included in the graphs
and the statistical analyses. Box plots are also used to show data from multiple locations on one
plot and to display seasonal differences at one location. Figure 2-25 presents an explanation of
the box plots. Since environmental data are not normally distributed, the non-parametric Mann-
Whitney test (also called the Wilcoxon Rank-sum test) was used for comparisons of data among
locations and between wet years and dry years. In this report, the p-value is reported whenever a
statistical comparison is made. The p-value is a computed probability value used in combination
with a prescribed level of significance (a) to determine if a test is statistically significant. The
smaller the p-value, the stronger is the evidence supporting statistical significance. The
commonly accepted a-value of 5 percent or 0=0.05 is used in this report. If the p-value is <0.05,
the statistical test is declared significant.

Figure 2-25. Explanation of Box Plots
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CHAPTER 3 ORGANIC CARBON

WATER QUALITY CONCERN

Organic matter in a waterbody consists of dissolved and particulate materials of plant, animal,
and bacterial origins, in various stages of growth and decay. Total organic carbon (TOC) exists
as particulate organic carbon and dissolved organic carbon (DOC) and can be divided into humic
and non-humic substances. Humic substances are high molecular weight compounds largely
formed as a result of bacterial and fungal action on plant material and include soluble humic and
fulvic acids and insoluble humin. Non-humic substances include proteins, carbohydrates, and
other lower molecular weight substances that are more available to bacterial degradation than
humic substances. Strong oxidants, such as chlorine and ozone, are used to destroy pathogenic
organisms in drinking water treatment plants, but these oxidants also react with organic carbon
compounds (primarily humic substances) present in the water to produce disinfection byproducts
(DBPs).

TOC 1is a precursor to many DBPs. Increased levels of TOC in source waters affect DBP
concentrations by increasing the amount of precursor material available to react with the
disinfectant and by increasing the amount of disinfectant required to achieve adequate
disinfection. According to the U.S. Environmental Protection Agency (USEPA), DBPs have
been associated with an increased risk of cancer; liver, kidney and central nervous system
problems; and adverse reproductive effects (USEPA, 2001). While many DBPs have been
identified, only a few are currently regulated. Concern over potential health effects of total
trihalomethanes (TTHMs) and haloacetic acids (HAAS) has resulted in federal and state drinking
water regulations controlling their presence in treated drinking water. The Stage 1 Disinfectants
and Disinfection Byproducts (D/DBP) Rule reduced the TTHM Maximum Contaminant Level
(MCL) from 0.10 mg/L to 0.080 mg/L and established an MCL for HAAS of 0.060 mg/L. In
addition, this rule established treatment requirements based on the concentrations of organic
carbon and the levels of alkalinity in source waters, as shown in Table 3-1. Organic carbon is a
concern for drinking water agencies treating State Water Project (SWP) water in conventional
water treatment plants because TOC concentrations fall in the range that require action under this
Rule. TOC removal compliance is based on the running annual average (RAA), calculated
quarterly, of monthly removal ratios. The removal ratio is the ratio of the removal achieved
divided by the removal required. The RAA of the removal ratios needs to equal or exceed 1.00.

Table 3-1. Percent TOC Removal Requirements

Alkalinity (mg/L as CaCO
TOC (mg/L) 43— >y 6(0 £ 120 > 31)20
>2.0-40 35.0 25.0 15.0
>4.0-80 45.0 35.0 25.0
>8.0 50.0 40.0 30.0
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Furthermore, on January 4, 2006, the USEPA adopted the Stage 2 Disinfectants and Disinfection
Byproducts (Stage 2 DBP) Rule. Under the Stage 2 DBP Rule, public water systems that deliver
disinfected water are required to meet TTHM and HAAS MCLs as an average at each
compliance monitoring location, referred to as a locational running annual average (LRAA)
(instead of as a system-wide average as in previous rules). The Stage 2 DBP Rule reduces DBP
exposure and related potential health risks, and provides more equitable public health protection.
Stage 2 DBP Rule compliance monitoring under the federal rule began in April 2012 for the
largest water systems. DDW adopted Stage 2 DBP Rule Regulations in June 2012 and all water
systems began compliance monitoring under the rule in October 2014.

WATER QUALITY EVALUATION

Organic carbon can be present in source waters in dissolved and particulate forms. Although the
Stage 1 D/DBP rule refers only to TOC which includes both dissolved and particulate matter,
DOC is also of interest to the SWP Contractors. DOC is measured in a sample that has been
filtered through a 0.45 puM filter to remove particulate matter. Therefore, measured DOC
concentrations should consist of dissolved organic carbon plus any particulate matter smaller
than 0.45 pM in diameter. DOC is of interest because coagulation and filtration processes
employed in drinking water treatment plants treating SWP water remove most particulate matter.
Therefore, DOC may be a better indicator of organic carbon that remains available to form
DBPs. The 2011 Update included a comparison between DOC and TOC. It was found that there
is a good correlation between DOC and TOC at most locations in the SWP system. DOC is
generally about 85 to 95 percent of TOC and the coefficient of determination (R2) is generally
0.9 or better. Therefore, only TOC is discussed in this update.

The organic carbon data used in this evaluation include real-time and grab sample data from the
Department of Water Resources (DWR) Municipal Water Quality Investigations (MWQI)
Program and grab sample data from the Division of Operations and Maintenance (O&M) SWP
Water Quality Monitoring Program. Organic carbon concentrations have been measured by
DWR using two laboratory methods. The combustion method oxidizes organic carbon at high
temperature whereas the wet oxidation method oxidizes organic carbon with chemical oxidants.
The combustion method is thought to result in a more complete oxidation of organic carbon and
often produces higher concentrations, particularly when the turbidity of the water is high. Ngatia
and Pimental (2007) evaluated organic carbon data from five locations in the SWP and found
that the two methods are comparable. Ngatia et al. (2010) conducted an analysis of data collected
from the Sacramento River at Hood (Hood). The samples were analyzed in the field and in the
laboratory by both methods. The data were analyzed with a classical statistical test (Kruskal-
Wallis analysis of variance) and with an equivalence test that was based on 20 percent
differences in samples. The equivalence level of 20 percent was selected because laboratory
duplicate analyses of organic carbon are considered to be within acceptable limits if their
differences are less than or equal to 20 percent. Ngatia et al. (2010) found that the two methods
were equivalent and that the field instruments were equivalent to the laboratory instruments at
the 20 percent equivalence level.

Organic carbon samples measured with the oxidation method are discussed in this chapter since
there is a longer period of record. The grab samples that are analyzed by the oxidation method
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are compared to real-time results that are analyzed by the combustion method since most of the
real-time analyzers use the combustion method.

ORGANIC CARBON FINGERPRINTS

DWR uses the fingerprinting method to identify the sources of DOC at Clifton Court Forebay
(Clifton Court) and at the C.W. “Bill” Jones Pumping Plant (Jones) in the Sacramento-San
Joaquin Delta (Delta) (see Chapter 2 for a description of the fingerprinting methodology). The
DOC fingerprints for the 1991 to February 2017 period are shown in Figures 3-1 and 3-2. There
is a data gap from June to October 2015. Due to the drought, DWR indicated that the actual
water quality conditions were outside the boundaries of the conditions under which the models
were developed and calibrated, and therefore this data has been omitted.

These figures show that the three primary sources of DOC at the south Delta pumping plants are
the Sacramento and San Joaquin rivers and Delta agricultural drainage. During the 1991 to
February 2017 period, the Sacramento River contributed a median DOC concentration of 1.2
mg/L at Clifton Court, the San Joaquin River contributed 0.45 mg/L, and agricultural drains
contributed 1.0 mg/L. The eastside streams contributed a median of 0.13 mg/L and the median
contribution from seawater was 0.01 mg/L. During wet years when flows on the San Joaquin
River are high, most of the DOC at the pumping plants comes from that river. During dry years,
the Sacramento River has more influence on DOC concentrations at the pumping plants. Figure
3-2 also shows the greater influence of the San Joaquin River on water quality at Jones. During
the 1991 to February 2017 period, the San Joaquin River contributed a median DOC
concentration of 1.1 mg/L at Jones, the Sacramento River contributed 0.95 mg/L, and
agricultural drains contributed 0.84 mg/L. The eastside streams contributed a median of 0.09
mg/L and the median contribution from seawater was 0 mg/L. In the summer of 2004 water
pumped off of Jones Tract, after the levee break was repaired, added to the DOC concentrations
at both pumping plants for several months.

The DOC fingerprints at Banks were evaluated on a monthly basis, using data from 1991 to
2015, as shown in Figure 3-3. As shown in Figure 3-3, the San Joaquin River contribution to
Clifton Court from July to November is low, which is why DOC is lowest at Clifton Court from
July through November.

During the summer months, flow on the San Joaquin River is low and pumping at Jones is
generally high so most of the San Joaquin River gets diverted to the Delta Mendota Canal.
Additionally, during the summer the Delta Cross Channel gates are open allowing more
Sacramento River water to flow into the Central Delta.

DOC fingerprinting results also shows that agricultural drainage is high during the month of
February, which contributes to higher DOC in the winter, in addition to storm events. Therefore,
fingerprinting results can explain why the lowest TOC concentrations occur in the summer and
fall months and also why TOC increases in the winter from storm events and Delta island
agricultural drainage.

The DOC fingerprints at Jones were evaluated on a monthly basis, using data from 1991 to 2015,
as shown in Figure 3-4. Figure 3-4 shows many of the same trends as Figure 3-3, such as high
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agricultural drainage in February, and lower contribution from San Joaquin River from July to
September. Figure 3-4 shows the much higher contribution of San Joaquin River at Jones,
compared to Banks. Figure 3-4 also shows that Jones has very little seawater intrusion compared
to Banks.

ORGANIC CARBON CONCENTRATIONS IN THE SWP

Organic carbon data are analyzed in this chapter to examine changes in concentrations as the
water travels through the SWP system and to determine if there are seasonal or temporal trends.
All available organic carbon data from DWR’s MWQI Program and the O&M monitoring
program through December 2015 were obtained for a number of locations along the SWP. Table
3-2 shows the period of record for each location included in this analysis.

The recent study period of 2011 through 2015 represented a significant drought period in
California. Generally, the new TOC data included in this assessment represented dry periods.
There were few changes to the statistics and trends for the wet period, but there were increases in
TOC throughout the system for the dry period.
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Figure 3-1. DOC Fingerprint at Clifton Court
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Figure 3-3. Monthly Analysis of DOC Fingerprint at Clifton Court
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Table 3-2. Total Organic Carbon Data

TOC
Location Start End Date
Date

West Sacramento Feb 1995 | Dec 2015
American Nov 1986 | Dec 2015
Hood Sep 1997 | Dec 2015
Vernalis Nov 1986 | Dec 2015
Banks Nov 1986 | Dec 2015
Barker Slough Sep 1988 | Dec 2015
DV Check 7 Dec 1997 | Dec 2015
McCabe Dec 1997 | Dec 2015
Pacheco Apr 2000 | Dec 2015
O’Neill Forebay Outlet Jul 1988 Dec 2015
Check 21 Feb 1998 | Dec 2015
Check 41 Dec 1997 | Dec 2015
Castaic Outlet Feb 1998 | Dec 2015
gg‘grlb(;;ﬂyon Second Dec 1997 | Dec 2005

*Note: Data were collected from Dec 1997 to May 2001 at Devil Canyon Afterbay, then at Devil Canyon
Headworks from June 2001 to December 2010, and then at Devil Canyon Second Afterbay in early 2011. These
datasets have been combined.
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The SWP Watershed

Figure 3-3 presents the TOC data for the tributaries to the Delta and H.O. Banks Pumping Plant
(Banks). Data from the Sacramento River at West Sacramento (West Sacramento) represent the
quality of water upstream of the Sacramento metropolitan area and upstream of the American
River. Hood represents the quality of water flowing into the Delta from the Sacramento River.
Data collected from the San Joaquin River at Vernalis (Vernalis) are used to represent the San
Joaquin River inflow to the Delta. All available data for each site were used in Figure 3-5.
Figure 3-5 indicates that TOC concentrations are lower in the Sacramento River than the San
Joaquin River.

Figure 3-5. TOC Concentrations in the SWP Watershed
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Hood — Figure 3-6 shows all available TOC data at Hood. The concentrations range from 0.6 to
9.1 mg/L during the period of record with a median of 1.9 mg/L.

Comparison of Real-time and Grab Sample Data — Figure 3-7 compares the real-time data
with the grab sample data at Hood over time and Figure 3-8 compares the real-time and grab
sample data on a 1:1 basis. The real-time instrument measures TOC every 15 minutes. MWQI
staff provided daily average concentrations for this analysis. There is a good correspondence
between the two data sets when samples collected on the same day are compared. There are a
few occurrences when the grab samples were 1 to 2 mg/L higher than the real-time data, in
December 2012 and December 2014. Figure 3-8 shows that when the 2011 to 2015 data is
plotted 1:1, the R squared value is 0.8347 which is considered acceptable. However, the grab
and real-time medians are significantly statistically different (Mann-Whitney, p = 0.0005).

Spatial Trends — Figure 3-9 presents 1998 to 2015 data for West Sacramento, the
American River (American), and Hood. These three locations were selected to examine the
impact of the Sacramento urban area on water quality at Hood. The American median TOC
concentration of 1.6 mg/L is statistically significantly lower than the median of 1.9 mg/L at
West Sacramento and the median of 1.9 mg/L at Hood (Mann-Whitney, p=0.0000). There
is no statistically significant difference between West Sacramento and Hood (Mann-
Whitney, p=0.7473), despite the fact that the high quality American River enters the
Sacramento River between these two locations. This is likely due to the fact that urban
runoff and treated wastewater from the Sacramento urban area are discharged to the river
between West Sacramento and Hood.

Long-Term Trends —. As stated in the previous WSS, the TOC concentrations at Hood are
driven by the hydrology of the Sacramento River system so long-term trends are very much
a function of the hydrology during the starting and ending points of the analysis. Figure 3-
6 shows peak concentrations at 8 mg/L to 9 mg/L occurring during the recent four-year
drought, from water years 2012 through 2015.

Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. Wet years are defined as those that are
classified as wet and above normal. Dry years are defined as those that are classified as
below normal, dry, and critical. The median concentration during dry years of 2.1 mg/L is
statistically significantly higher than the median during wet years of 1.7 mg/L (Mann-
Whitney, p=0.0000). This difference could be due to greater volumes of high quality water
with low TOC concentrations being released from reservoirs during the spring and summer
months of wet years. It could also be partially due to the greater influence of treated
wastewater, urban runoff, and agricultural discharges during low flow periods of dry years.

Seasonal Trends — All available data (1998 to 2015) were sorted by month and plotted on
Figure 3-10. This figure indicates that the TOC concentrations are generally low from
March to October. During the late spring and early summer months, snow melt results in
high flows with low concentrations of TOC. During the late summer and fall months, high
quality water is released from upstream reservoirs to maintain flows in the river. The
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concentrations increase during the November to February period when storm events flush
the carbon from the watershed.

Figure 3-6. TOC Concentrations at Hood
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Figure 3-8. Comparison of Hood Real-time and Grab Sample TOC Data, 1:1 Graph
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Figure 3-9. TOC Concentrations at West Sacramento, American and Hood, (1998-2015)
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Figure 3-10. Monthly Variability in TOC at Hood
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Vernalis — Figure 3-11 shows all available TOC data at Vernalis. The concentrations range from
1.4 to 12.5 mg/L during the period of record with a median of 3.3 mg/L.

e Comparison of Real-time and Grab Sample Data — Figure 3-12 compares the real-time data
with the grab sample data at Vernalis over time and Figure 3-13 compares the real-time
and grab sample data on a 1:1 basis. The real-time instrument measures TOC every 15
minutes. MWQI staff provided daily average concentrations for this analysis. There is a
good correspondence between the two data sets when samples collected on the same day
are compared. Figure 3-13 shows that when the 2011 to 2015 data is plotted 1:1, the R
squared value is 0.5917 which is considered acceptable. Additionally, the grab and real-
time medians are not significantly statistically different (Mann-Whitney, p = 0.1994).

e Spatial Trends — DWR does not collect data upstream of Vernalis on the San Joaquin River
so spatial trends were not examined.

e Long-term Trends — As stated in the previous WSS, the TOC concentrations at Vernalis
are driven by the hydrology of the San Joaquin River system so long-term trends are very
much a function of the hydrology during the starting and ending points of the analysis.
Figure 3-11 shows peak concentrations at 11 mg/L to 12.5 mg/L occurring during the
recent four-year drought, from water years 2012 through 2015.

e Wet Year/Dry Year Comparison — The median concentration during dry years of 3.4 mg/L
is statistically significantly higher than the median during wet years of 3.1 mg/L (Mann-
Whitney, p=0.0016). This could be due to the greater influence of agricultural drainage
during dry years and to the release of high quality water from the reservoirs during the
spring and summer of wet years.

e Seasonal Trends — The seasonal pattern on the San Joaquin River is different from the
Sacramento River. Figure 3-14 shows that TOC concentrations are highest during the
winter months with peaks ranging from 7 to 12 mg/L, reported from 7 to 8§ mg/L in the
previous WSS. Concentrations decline during the early spring months when flows are high
on the San Joaquin River, increase in the summer (median of 3.7 mg/L in July), and then
drop back down in the fall. Surface runoff from the watershed is responsible for the wet
season peaks, while the probable cause of the dry season peaks is the discharge of
agricultural drainage to the river. During the summer months, flows in the San Joaquin
River are low, generally below 2,000 cubic feet per second (cfs), so there is minimal
dilution of agricultural drainage.
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Figure 3-11. TOC Concentrations at Vernalis
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Figure 3-13. Comparison of Vernalis Real-time and Grab Sample TOC Data, 1:1 Graph
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Banks — As shown in Figure 3-1, the primary sources of organic carbon at Clifton Court and
Banks are the Sacramento and San Joaquin rivers and Delta agricultural drainage. Figure 3-15
shows all available TOC data at Banks. The concentrations range from <0.1 to 8.4 mg/L during
the period of record with a median of 3.5 mg/L.

Comparison of Real-time and Grab Sample Data — Figure 3-16 compares the real-time data
with the grab sample data at Banks over time and Figure 3-17 compares the real-time and
grab sample data on a 1:1 basis. The real-time instrument measures TOC every 15 minutes.
MWQI staff provided daily average concentrations for this analysis. There is good
correspondence between the data sets after September 2003. Figure 3-17 shows that when
the 2011 to 2015 data is plotted 1:1, the R squared value is 0.8714 which is considered
acceptable. Additionally, the grab and real-time medians are not significantly statistically
different (Mann-Whitney, p = 0.9231).

Spatial Trends — Sacramento River water is degraded as it flows through the Delta by
discharges from Delta islands and mixing with the San Joaquin River. As shown in Figure
3-18, the median TOC concentration of 3.5 mg/L at Banks is statistically significantly
higher than the median of 1.9 mg/L at Hood (Mann-Whitney, p=0.0000) and the median of
3.3 mg/L at Vernalis (p=0.0000).

Long-term Trends — Examination of Figure 3-15 shows an increasing trend during the
last four years of drought, from 2012 to 2015. In addition to drought, the increasing
trends may be attributed to decreased pumping at Banks during these years, drawing less
Sacramento River water into the Delta. This was examined further in Chapter 12, which
showed that more agricultural drainage water was contributing to Clifton Court in 2012
to 2015, which is another source of TOC.

Wet Year/Dry Year Comparison — The median concentration during dry years of 3.8 mg/L
is statistically significantly higher than the median during wet years of 3.2 mg/L (Mann-
Whitney, p=0.0000).

Seasonal Trends — Figure 3-19 indicates that the lowest TOC concentrations occur in the
summer and fall months. Concentrations increase in the winter when storm events wash
TOC from the watershed and when Delta island agricultural drainage increases. These
observations can be confirmed with DOC fingerprinting results. As shown in Figure 3-3,
the San Joaquin River contribution to Clifton Court from July to November is low, due to
low flows for the San Joaquin River, which is why DOC is lowest at Clifton Court from
July through November. DOC fingerprinting results also show the agricultural drainage is
highest during the month of February, which contributes to higher DOC in the winter, in
addition to storm events.
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Figure 3-15. TOC Concentrations at Banks
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Figure 3-16. Comparison of Banks Real-time and Grab Sample TOC Data, Over Time
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Figure 3-17. Comparison of Banks Real-time and Grab Sample TOC Data, 1:1 Graph
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Figure 3-18. Comparison of Locations During Same Period of Record (1998-2015)
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Figure 3-19. Monthly Variability in TOC at Banks
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North Bay Aqueduct

Water from the north Delta is pumped into the North Bay Aqueduct (NBA) at the Barker Slough
Pumping Plant. The sources of water to the NBA are the Sacramento River, the local Barker
Slough watershed, and other neighboring drainage inputs. The NBA is an enclosed pipeline
between Barker Slough and the Cordelia Forebay. Water is delivered to the cities of Vacaville,
Fairfield, and Travis Air Force Base between these two points. From Cordelia Forebay, enclosed
pipelines deliver water to the cities of Vallejo, Benicia, and to the Napa Terminal Tanks which
serve the cities of Napa and American Canyon in Napa County.

Project Operations

After the water is diverted from Barker Slough, the quality of water delivered to NBA users
should not be affected by any other factors since the NBA is an enclosed pipeline. Figure 3-20
shows average monthly diversions at Barker Slough for the 1998 to 2015 period and median
monthly TOC concentrations. This figure shows that pumping is highest between May and
November when TOC concentrations are lowest in Barker Slough. The pumping pattern is
dictated by both the demand for water and the quality of the NBA water. During the wet season,
Barker Slough can experience rapid increases in TOC concentrations that can dramatically
impact the treatability of NBA water, often for several months. Many of the NBA users have
alternative sources of water that are used during the winter and spring months when TOC
concentrations are highest at Barker Slough. Other NBA users have limited alternative supplies
and continue to take Barker Slough water during the months that TOC concentrations are high.
Nevertheless, the rapid and elevated concentrations of TOC/DOC continue to be problematic for
all of the NBA users.

Figure 3-20. Average Monthly Barker Slough Diversions and Median TOC Concentrations
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TOC Concentrations in the NBA

Organic carbon data are collected at Barker Slough but not at Cordelia Forebay. Figure 3-21
presents all available TOC data for Barker Slough. The concentrations range from 1.3 to 43
mg/L with a median concentration of 4.6 mg/L. As discussed previously, TOC removal
requirements by water treatment plants are based on source water TOC and alkalinity
concentrations (see Table 3-1). The average TOC concentration at Barker Slough is 6.8 mg/L
and the average alkalinity concentration is 99 mg/L as CaCO;. Based on these average
concentrations, the water agencies treating NBA water must remove 35 percent of the TOC.
There are many months when TOC concentrations exceed 8 mg/L as shown in Figure 3-21.
Alkalinity concentrations are often low when TOC concentrations are high, leading to the
requirement to remove up to 50 percent of the TOC in the source water.

e Spatial Trends —Figure 3-22 presents TOC data at multiple locations along the SWP
during the same time period (1998 to 2015). Barker Slough has the highest TOC
concentrations for both the maximum and median compared to all other locations. This
figure also shows that TOC concentrations in Barker Slough are substantially higher and
more variable than the concentrations at Hood. The Sacramento River is the primary
source of water to the NBA but the local Barker Slough watershed contributes a
substantial amount of TOC.

e Long-term Trends — Visual inspection of Figure 3-21 does not reveal any discernible
long-term trend in the data.

e Wet Year/Dry Year Comparison — Figure 3-21 shows sharp TOC concentration increases
at Barker Slough during the wet season; typically between 15 and 20 mg/L. Although this
pattern appears to be relatively insensitive to hydrology, the dry year median
concentration of 4.2 mg/L is statistically significantly lower than the wet year median
concentration of 5.8 mg/L (Mann-Whitney, p=0.0228).

e Seasonal Trends — Figure 3-23 shows that TOC concentrations are highest during the
winter and early spring months when the local watershed is contributing runoff to Barker
Slough. The concentrations decline throughout the summer and fall.
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Figure 3-21. TOC Concentrations at Barker Slough
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Figure 3-22. TOC Concentrations at Barker Slough and Other SWP Locations (1998-2015)
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Figure 3-23. Monthly Variability in TOC at Barker Slough
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South Bay Aqueduct

The Delta is the primary source of water for the South Bay Aqueduct (SBA). Water is diverted
into the SBA at the South Bay Pumping Plant on Bethany Reservoir, 1.2 miles downstream from
Banks. The SBA consists of about 11 miles of open aqueduct followed by about 34 miles of
pipeline and tunnel. There is some runoff from the Bethany watershed and historically a limited
amount of drainage from hillsides upslope of the open canal section of the SBA flowed into the
aqueduct. Water from the SBA can be pumped into or released from Lake Del Valle at the Del
Valle Pumping Plant. Runoff from the Lake Del Valle watershed mingles with Delta water in the
lake. Water is delivered to the Patterson Pass WTP owned by Zone 7 Water Agency of the
Alameda County Flood Control and Water Conservation District (Zone 7 Water Agency) before
the Del Valle Conservation Outlet (Conservation Outlet), where Lake Del Valle water is released
into the SBA. Zone 7 Water Agency’s Del Valle WTP and the treatment plants for Alameda
County Water District (ACWD) and Santa Clara Valley Water District (SCVWD) take water
downstream of Lake Del Valle. The SBA is an enclosed pipeline from Lake Del Valle to the
Santa Clara Terminal Reservoir (Terminal Tank).

Project Operations

The quality of water delivered to the SBA Contractors is governed by the timing of diversions
from Bethany Reservoir and releases from Lake Del Valle. Figure 3-24 shows average monthly
diversions at the South Bay Pumping Plant and releases from Lake Del Valle for the 1998 to
2015 time period. Monthly median TOC concentrations at Del Valle Check 7 (DV Check 7) are
also shown. This figure shows that TOC concentrations are in the range of 2.5 to 3.5 mg/L when
most of the water is diverted into the SBA. TOC data are generally only collected at Lake Del
Valle during the times that water is released into the SBA. The overall TOC median
concentration during the 1999 to 2015 period that data have been collected is 4.3 mg/L,
indicating that Del Valle releases may increase the concentration of TOC delivered to SBA
Contractors.
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Figure 3-24. Average Monthly Diversions at the South Bay Pumping Plant, Releases from
Lake Del Valle, and Median TOC Concentrations
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TOC Concentrations in the SBA

TOC is measured at DV Check 7 on the SBA, located just upstream of the Del Valle Branch
Pipeline. There are limited TOC data for Lake Del Valle at the Conservation Outlet and TOC is
not measured at the Terminal Tank. Figure 3-25 shows all available TOC data at DV Check 7.
The concentrations range from 1.5 to 9.2 mg/L during the period of record with a median of 3.6
mg/L. The average TOC concentration at DV Check 7 is 3.9 mg/L and the average alkalinity
concentration is 69 mg/L as CaCOs;. Based on these average concentrations, the water agencies
treating SBA water must remove 25 percent of the TOC. There are many months when TOC
concentrations exceed 4 mg/L as shown in Figure 3-25. Alkalinity concentrations are generally
in the range of 60 to 120 mg/L as CaCO; when TOC concentrations are high, leading to the
requirement to remove 35 percent of the TOC in the source water.

e Spatial Trends — Figure 3-26 compares data collected from the same time period (1997 to
2015) at Banks and DV Check 7. The median concentration of 3.6 mg/L at DV Check 7 is
not statistically significantly higher than the median concentration of 3.5 mg/L at Banks
(Mann-Whitney, p=0.9216).

e Long-term Trends — The peak TOC concentrations during water years 2009 and 2010 are
higher than concentrations during the previous years. This is likely due to the fact that these
are the third and fourth years of a four year drought, rather than any long-term trend.
Similarly, there are peaks in 2014 and 2015 which represent the third and fourth year of a
subsequent four year drought.
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e Wet Year/Dry Year Comparison — The dry year median concentration of 3.7 mg/L is
statistically different from the wet year median concentration of 3.25 mg/L (Mann-
Whitney, p=0.0011).

e Seasonal Trends — Figure 3-27 shows the monthly data for DV Check 7. TOC
concentrations are highest during the winter and early spring months and then decline
during the summer months. This is the same pattern exhibited at Banks. The monthly
medians were not compared statistically between the two locations but they are similar.
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Figure 3-25. TOC Concentrations at DV Check 7
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Figure 3-26. TOC Concentrations at Banks and DV Check 7 (1997-2015)
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Figure 3-27. Monthly Variability in TOC at DV Check 7
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California Aqueduct and Delta-Mendota Canal

A number of SWP Contractors take water from the SWP between San Luis Reservoir and the
terminal reservoirs. This section is organized by various reaches of the SWP and individual SWP
contractors taking water from each reach are described in the following sections.

Project Operations

The quality of water delivered to SWP Contractors south of San Luis Reservoir is governed by
the timing of diversions from the Delta at Banks, pumping into O’Neill Forebay from the Delta-
Mendota Canal (DMC), releases from San Luis Reservoir, non-Project inflows to the Governor
Edmund G. Brown California Aqueduct (California Aqueduct), and storage in terminal
reservoirs. Figure 3-28 shows average monthly diversions at the Banks Pumping Plant and
median monthly TOC concentrations for the 1998 to 2015 time period. Diversions have been
highest in the July to September time period when median TOC concentrations are less than 3.0
mg/L. A considerable amount of water is diverted during the January to March period when
median TOC concentrations exceed 4.5 mg/L.

Figure 3-29 shows the average monthly amount of water pumped from the DMC at O’Neill
Pump-Generation Plant into O’Neill Forebay and the median TOC concentrations in the DMC at
McCabe Road (McCabe). During the 1998 to 2015 period that data were available, the DMC
contributed between 26 and 44 percent of the water entering O’Neill Forebay with a median of
29 percent. The pumping pattern into O’Neill Forebay is different from Banks. A limited amount
of water is pumped into O’Neill Forebay during the summer months when agricultural demands
on the DMC are high. Pumping increases through the fall months, peaks in January, and then
declines to the low point in the summer. Median TOC concentrations range from 2.6 to 3.1 mg/L
during the fall months and from 3.8 to 4.5 mg/L during the spring months. From January to
April, these concentrations are 0.5 to 1.0 mg/L lower to those found at Banks.
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Figure 3-28. Average Monthly Banks Diversions and Median TOC Concentrations
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Figure 3-29. Average Monthly Pumping at O’Neill and Median TOC Concentrations at

McCabe
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The operation of San Luis Reservoir impacts water quality in the California Aqueduct south of
the reservoir. Water from O’Neill Forebay is pumped into San Luis Reservoir at the William R.
Gianelli Pumping-Generating Plant (Gianelli) and water released from San Luis Reservoir flows
into O’Neill Forebay before entering the California Aqueduct. Water is also pumped out of San
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Luis Reservoir on the western side at the Pacheco Pumping Plant (Pacheco) for SCVWD. In
2012, DWR installed a real-time water quality monitoring station in the channel between San
Luis Reservoir and O’Neill Forebay (Gianelli Real-Time). Real-time TOC, turbidity, EC and
bromide data are collected. Grab TOC samples were also taken from the channel approximately
weekly (Gianelli grab) from March 2012 to December 2015. Figure 3-30 shows TOC data
collected at Pacheco, Gianelli Grab and Gianelli Real-Time. The variation in the Gianelli data is
due to operations. When pumping occurs into San Luis Reservoir, the water sample at Gianelli is
O’Neill Forebay water. When releases occur from San Luis Reservoir, the water sample at
Gianelli is San Luis water. Grab samples collected at Gianelli show more variability than the
grab samples at Pacheco, so Pacheco does not represent well the quality of water released from
San Luis Reservoir. Figure 3-30 shows that the grab and real-time data for TOC at Gianelli
match well and are consistent. Due to the variability in the Gianelli data, Pacheco data should not
be used to represent the quality of water released from San Luis Reservoir.

Figure 3-30. Comparison of Pacheco Grab Samples, Gianelli Grab Samples and Gianelli
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Figure 3-31. San Luis Reservoir Operations and Median TOC Concentrations
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Figure 3-31 shows the pattern of (1998 to 2015) pumping into the reservoir and releases from
the reservoir to O’Neill Forebay. Water is generally pumped into the reservoir from September
to March and released from the reservoir from April to August. The median TOC concentration
at Banks is shown in the figure to represent the quality of water pumped into San Luis Reservoir
from the California Aqueduct. The McCabe TOC data represent the quality of water pumped into
the reservoir from the DMC.

Figure 3-31 shows there are three distinctly different periods for San Luis Reservoir with respect
to TOC concentrations:

e Fall Filling — The reservoir is filled from September to December when median TOC

concentrations in water entering the reservoir are relatively low (2.8 to 3.2 mg/L at
Banks and 3.0 to 3.5 mg/L at McCabe).

e Winter Filling — Filling continues between January and March when median TOC
concentrations at Banks (4.7 to 5.5 mg/L) and McCabe (4.1 to 4.5 mg/L) are high

e Spring and Summer Releases — Water is released during the April to August period when
median TOC concentrations at Gianelli range from 4.0 to 4.4 mg/L. During April, the
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TOC concentration in water released from San Luis Reservoir (median of 4.4 mg/L) is
similar to the water entering O’Neill Forebay from the California Aqueduct (median of
4.5 mg/L) and higher than the DMC (median of 3.8 mg/L). In May, June, July and
August, the concentrations are higher in water released from the reservoir than in water
entering O’Neill Forebay from the California Aqueduct and the DMC.

TOC Concentrations in the DMC and SWP

Figure 3-32 presents a summary of all TOC data collected at each of the locations along the
DMC, California Aqueduct, and SWP reservoirs. Once the water enters the California Aqueduct,
TOC concentrations generally do not change appreciably. There is some reduction in variability
in concentrations leaving San Luis and Castaic reservoirs due to the blending of water with
varying concentrations over time in the reservoirs. Median TOC concentrations along the
California Aqueduct range from 3.0 to 3.4 mg/L.

Figure 3-32. TOC Concentrations in the DMC and SWP
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Delta-Mendota Canal — Water from the DMC is pumped into O’Neill Forebay and comingles
with water from the California Aqueduct. Unlike the California Aqueduct between Banks and
O’Neill Forebay, there are a number of locations along the DMC where drainage is allowed to
enter the canal. A field survey of the DMC was conducted for the 1990 Sanitary Survey (Brown
and Caldwell, 1990). There are 191 drain inlets that convey agricultural drainage into the DMC
above the intake channel to O’Neill Forebay. There are also numerous “weep holes” through
which shallow groundwater can rise up into the canal.

Data have historically been collected at McCabe, just upstream of O’Neill Forebay. Figure 3-33
presents the TOC data for McCabe. The concentrations range from 0.6 to 9.7 mg/L, with a
median of 3.4 mg/L.

e Spatial Trends —McCabe data are compared to Banks data to determine if there are
differences in the quality of water entering O’Neill Forebay from the two systems. Since
the period of record is longer for Banks, a subset of the data that includes only data
collected at Banks and McCabe during the same time period (1997 to 2015) was analyzed
for Figure 3-34. The median concentration is 3.6 mg/L at Banks and 3.4 mg/L at McCabe
for the 1997 to 2015 period, and they are not statistically significantly different.

e Long-Term Trends — Visual inspection of Figure 3-33 does not display any discernible
trend in the TOC concentrations.

e Wet Year/Dry Year Comparison — The dry year median concentration of 3.5 mg/L is
statistically different from the wet year median concentration of 3.2 mg/L (Mann-Whitney,
p=0.0275).

e Seasonal Trends — Figure 3-35 shows there is a seasonal pattern of low concentrations
from May to October and then concentrations increase during the late fall and winter
months. This is similar to the seasonal pattern at Banks but quite different from the pattern
at Vernalis.
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Figure 3-33. TOC Concentrations at McCabe
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Figure 3-34. TOC Concentrations at Banks and McCabe (1997-2015)
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Figure 3-35. Monthly Variability in TOC at McCabe
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San Luis Reservoir — Water is pumped out of San Luis Reservoir on the western side at Pacheco
for SCVWD and on the eastern side at Gianelli for a number of SWP Contractors south of the
reservoir. Data are available at Pacheco and grab sample and real-time data are available at
Gianelli from 2012 to 2015. The Gianelli data were presented previously and are not discussed
further due to the limited period of record. Figure 3-36 presents all of the available TOC data for
Pacheco. There is much less variability in TOC concentrations in the reservoir than in the
aqueduct. The TOC concentrations at Pacheco range from 1.2 to 5.9 mg/L with a median of 3.4
mg/L.

e Spatial Trends —As shown in Figure 3-37, 2001 to 2015 data is presented for Banks,
McCabe and Pacheco. The median concentration of 3.4 mg/L at Pacheco is statistically
significantly different from the median of 3.6 mg/L at Banks (Mann-Whitney, p=0.0467),
but not significantly different from the median of 3.4 mg/L at McCabe (Mann-Whitney,
p=0.6198). Although, there are no apparent differences in TOC concentrations, the organic
matter composition of water in San Luis Reservoir is different from water entering the
reservoir due to algal production and degradation processes in the reservoir. Water in San
Luis Reservoir has a greater propensity to form DBPs during the spring and summer
months (Krause et al., 2011). This is the period when most water is released from the
reservoir and flows south in the California Aqueduct.

e Long-Term Trends — Visual inspection of Figure 3-36 shows an increasing trend of TOC
concentration starting at the end of 2011. The same trend was seen in the previous dry
period between 2006 and 2010. TOC concentrations reached a record high of 5.9 mg/L in
September 2015, whereas the peak concentration was 4.6 mg/L in the 2006 to 2010 dry
period.

e Wet Year/Dry Year Comparison — The Pacheco dry year median concentration of 3.4 mg/L
1s not statistically significantly lower than the wet year median concentration of 3.5 mg/L
(Mann-Whitney, p=0.7314). Although it appears from Figure 3-36 that the dry year
median should be greater than the wet year median, there were 105 dry year samples and
44 wet year samples, so each dry year sample has less effect on the median.

e Seasonal Trends — Figure 3-38 shows there is little variability in the data from month to
month; however the highest concentrations occur in the summer and the lowest
concentrations occur in the winter. This is opposite of the pattern seen at Banks and most
other locations. It is difficult to interpret the Pacheco data because samples are collected at
different depths, depending on the depth at which water is being withdrawn from the
Pacheco outlet tower and the amount of water in the reservoir. Samples are collected in the
hypolimnion (bottom layer) when the reservoir is full during the winter months and in the
epilimnion (surface layer) when the reservoir level is low during the late summer and fall
months. The TOC concentrations in the hypolimnion are dependent on the TOC
concentrations of water pumped into San Luis Reservoir from the Delta and, to some
extent, on degradation of algae settling out of the epilimnion. Samples from the epilimnion
have more algae and therefore may have higher TOC concentrations than samples from the
hypolimnion.
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Figure 3-36. TOC Concentrations at Pacheco
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Figure 3-37. TOC Concentrations at Banks, McCabe, and Pacheco (2001-2015)

Final Report 3-38

June 2017



California State Water Project Chapter 3
Watershed Sanitary Survey 2016 Update Organic Carbon

Figure 3-38. Monthly Variability in TOC at Pacheco
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O’Neill Forebay Outlet — Water released from San Luis Reservoir flows into O’Neill Forebay
before entering the San Luis Canal section of the California Aqueduct at O’Neill Forebay Outlet.
Water also flows through O’Neill Forebay without being pumped into San Luis Reservoir so
O’Neill Forebay Outlet is a mixture of water from San Luis Reservoir, the California Aqueduct,
and the DMC. Figure 3-39 presents all of the available TOC data for O’Neill Forebay Outlet.
The TOC concentrations at O’Neill Forebay Outlet range from 0.8 to 8.1 mg/L with a median
concentration of 3.4 mg/L.

The average TOC concentration at O’Neill Forebay Outlet is 3.7 mg/L and the average alkalinity
concentration is 74 mg/L as CaCOs;. Based on these average concentrations, the water agencies
treating SWP water in conventional water treatment plants must remove 25 percent of the TOC.
There are many months when TOC concentrations exceed 4.0 mg/L as shown in a number of the
following figures for various locations along the SWP. Alkalinity concentrations are generally in
the range of 60 to 120 mg/L as CaCO; when TOC concentrations are high, leading to the
requirement to remove 35 percent of the TOC in the source water in conventional water
treatment plants and to implement TOC removal in addition to ozone disinfection. On occasion,
alkalinity concentrations drop below 60 mg/L when TOC concentrations exceed 4.0 mg/L
leading to the requirement to remove 45 percent of the TOC in the source water.

e Spatial Trends —. As shown in Figure 3-40, 1997 to 2015 data from Banks, McCabe and
O’Neill Forebay Outlet are presented. The median concentration at both O’Neill Forebay
Outlet and McCabe is 3.6 mg/L and the median concentration at Banks is 3.5 mg/L
during this period. While TOC concentrations entering the California Aqueduct at
O’Neill Forebay Outlet are not statistically significantly different from the water at
Banks, the organic matter composition is sometimes different (Krause et al., 2011).

e Long-Term Trends — Visual inspection of Figure 3-39 does not display any discernible
trend in the TOC concentrations in the 18 year period of record. However, TOC increased
from 2012 to 2015, and reached a maximum concentration of 5.9 mg/L in September
2015.

e Wet Year/Dry Year Comparison — The O’Neill Forebay Outlet dry year median
concentration of 3.4 mg/L is statistically significantly different than the wet year median
concentration of 3.3 mg/L (Mann-Whitney, p=0.0440).

e Seasonal Trends — Figure 3-41 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in March. This is the
same seasonal pattern exhibited at Banks.

Final Report 3-40 June 2017



California State Water Project Chapter 3
Watershed Sanitary Survey 2016 Update Organic Carbon

Figure 3-39. TOC Concentrations at O’Neill Forebay Outlet
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Figure 3-40. TOC Concentrations at Banks, McCabe, and O’Neill (1997-2015)

Final Report 3-41 June 2017



California State Water Project Chapter 3
Watershed Sanitary Survey 2016 Update Organic Carbon

Figure 3-41. Monthly Variability in TOC at O’Neill Forebay Outlet
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Check 21 — Check 21, located on the California Aqueduct 12 miles upstream of the Coastal
Branch junction is the site where the quality of water entering the Coastal Branch is measured.
The Coastal Branch provides water to CCWA and San Luis Obispo County Flood Control and
Water Conservation District. Figure 3-42 presents all available data for Check 21. During the
1997 to 2015 time period, TOC concentrations ranged from 0.8 to 7.1 mg/L with a median of 3.2
mg/L.

Spatial Trends — The median concentration of 3.2 mg/L at Check 21 is not statistically
different from the median concentration of 3.4 mg/L at O’Neill Forebay Outlet during the
1998 to 2015 period that data have been collected at the two locations (Mann-Whitney,
p=0.1495). Between O’Neill Forebay Outlet and Check 21 floodwater periodically enters
the aqueduct from creeks draining the Diablo Range to the west and water ponding against
the western side of the aqueduct. Groundwater has been pumped into this reach of the
aqueduct. The 2001 Update contains a detailed discussion of the inflows to this reach of the
aqueduct (DWR, 2001). DWR collected TOC data on a variety of floodwater inflows
between 1996 and 1998 and found concentrations ranging from 4 to 49 mg/L. The monthly
monitoring data collected at Checks 13 and 21 do not reflect an increase in TOC that might
be expected with floodwater inflows.

Long-Term Trends — Visual inspection of Figure 3-42 does not display any discernible
trend in the TOC concentrations in the 18 year period of record. TOC shows an increasing
trend during the last four years of drought, from 2012 to 2015.

Wet Year/Dry Year Comparison — The Check 21 median concentration is 3.2 mg/L during
wet years and dry years.

Seasonal Trends — Figure 3-43 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in the wet months of
January to April.
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Figure 3-42. TOC Concentrations at Check 21
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Check 41 — Check 41 is located on the California Aqueduct just upstream of Tehachapi Afterbay
where the aqueduct bifurcates into the east and west branches. Figure 3-44 presents all available
data for Check 41. TOC concentrations range from 0.6 mg/L to 9.3 mg/L with a median of 3.0
mg/L.

Spatial Trends — The median concentration of 3.0 mg/L at Check 41 is statistically
different from the median concentration of 3.2 mg/L at Check 21 (Mann-Whitney,
p=0.0007) and statistically different from the median concentration of 3.4 mg/L. at
O’Neill Forebay Outlet (Mann-Whitney, p=0.0000) during the 1998 to 2015 period that
data have been collected at the three locations. Large volumes of groundwater and some
surface water enter the aqueduct between Checks 21 and 41. The TOC concentrations of
the non-Project inflows in this reach are lower than the concentrations in the aqueduct.
Figure 3-45 presents the data for Check 21 and Check 41 for the last five years. From
September 2007 to June 2010, the TOC concentrations at Check 41 were, at times, up to
2 mg/L lower than the concentrations at Check 21. From January 2011 to December
2015, the TOC concentrations at Check 41 were 3 to 4 mg/L lower than the
concentrations at Check 21, particularly in March to May 2014 and January to March
2015.

Long-Term Trends — Visual inspection of Figure 3-44 shows that TOC concentrations
have been lower in the last several years and concentrations are more variable due to the
substantial non-Project inflows of low TOC water.

Wet Year/Dry Year Comparison — The Check 41 dry year median concentration of 2.9
mg/L is statistically significantly lower than the wet year median concentration of 3.2 mg/L
(Mann-Whitney, p=0.0095). This is due to the lower TOC concentrations during the last
several dry years caused by the inflow of low TOC water.

Seasonal Trends — Figure 3-46 shows there is a distinct seasonal pattern with the lowest
concentrations in the fall months and the slightly higher concentrations in the wet months
of January to March.
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Figure 3-44. TOC Concentrations at Check 41
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Figure 3-46. Monthly Variability in TOC at Check 41
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Castaic Outlet — Castaic Lake is the terminus of the West Branch of the California Aqueduct.
Metropolitan Water District of Southern California (MWDSC) and Castaic Lake Water Agency
treat water from the lake. Castaic Lake is immediately downstream of Pyramid Lake. The two
lakes provide a combined 0.5 million acre-feet of storage. Figure 3-47 presents all available
DWR data for Castaic Outlet. The samples are collected at a depth of 1 meter in the epilimnion
(surface layer) of the lake. TOC concentrations range from 1.6 mg/L to 7.7 mg/L with a median
of 2.8 mg/L. MWDSC withdraws water from the hypolimnion (bottom layer) of Castaic Lake
and treats it at the Jensen WTP. MWDSC data, collected in the influent of the Jensen WTP, are
compared to DWR data collected at Castaic Outlet in Figure 3-48. TOC concentrations in the
Jensen WTP influent range from 1.6 to 4.0 mg/L with a median of 2.6 mg/L. While the minimum
and median concentrations are similar to the DWR data, the peak concentrations in the influent
of the Jensen WTP are considerably lower than at Castaic Outlet. The largest differences occur
during the summer months, indicating that the higher concentrations in the epilimnion at Castaic
Outlet are likely due to algal biomass.

e Spatial Trends — The median concentration of 2.8 mg/L at Castaic Outlet is statistically
significantly different from the median concentration of 3.0 mg/L at Check 41 during the
1998 to 2015 period that data have been collected at both locations (Mann-Whitney,
p=0.0075). This may be due to the dampening effects of storage in the lake or to inflows
from the local watershed.

e Long-Term Trends — A trend analysis was not conducted for this location; however, there
appears to be a downward trend in the TOC concentrations shown in Figure 3-47. This is
likely a function of hydrology since the initial year that data were collected at this location
was a wet year with high TOC concentrations and the last several years were dry years with
low TOC concentrations. The lower concentrations in the last few years may be related to
the non-Project inflows of low TOC water to the aqueduct.

e Wet Year/Dry Year Comparison — The Castaic Outlet dry year median concentration of 2.6
mg/L is statistically significantly lower than the wet year median concentration of 3.0 mg/L
(Mann-Whitney, p=0.0000). This is likely due to the lower TOC concentrations during the
last several dry years due to the non-Project inflows of the low TOC water.

e Seasonal Trends — Figure 3-49 shows a different seasonal trend at Castaic Outlet than at
the aqueduct locations. The highest concentrations of TOC occur in the summer months
and the lowest concentrations occur in the winter months. Since the DWR samples are
collected in the epilimnion, the higher concentrations in the summer months are likely due
to algal biomass.
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Figure 3-47. TOC Concentrations in the Epilimnion at Castaic Outlet
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Figure 3-49. Monthly Variability in TOC at Castaic Outlet
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Devil Canyon — Silverwood Lake provides water to MWDSC, CLAWA, and San Bernardino
Valley Municipal Water District. CLAWA takes water directly from Silverwood Lake and
MWDSC and San Bernardino Valley Municipal Water District take water from Devil Canyon
Afterbay. Water samples are collected from Devil Canyon Afterbay, which is immediately
downstream of Silverwood Lake on the East Branch of the California Aqueduct. Silverwood
Lake, with a capacity of 74,970 acre-feet, is small in comparison to the West Branch reservoirs.
Figure 3-50 presents all available data for Devil Canyon. Data were collected at Devil Canyon
Afterbay from 1997 to 2001 and from Devil Canyon Headworks from 2001 to 2010. Samples
were then changed to Devil Canyon Second Afterbay in April 2011. The data from three
locations were combined in Figure 3-50. TOC concentrations range from 1.8 mg/L to 8.6 mg/L
with a median of 3.1 mg/L.

e Spatial Trends — The median concentration of 3.1 mg/L at Devil Canyon is not statistically
significantly different from the median concentration of 3.0 mg/L at Check 41 during the
1997 to 2015 period that data have been collected at both locations. Since the capacity of
Silverwood Lake is small in comparison to the West Branch reservoirs, the dampening
effect seen in the West Branch is not seen in the East Branch.

e Long-Term Trends — Visual inspection of Figure 3-50 does not show a discernible trend in
TOC concentrations. This is surprising due to the large volume of non-Project inflows that
have entered the aqueduct in the last five years. Figure 3-51 compares the TOC
concentrations at Check 41 to Devil Canyon. This figure clearly shows the variability in
TOC concentrations at Check 41. For example, TOC was 6 mg/L on December 16, 2014
and 0.6 mg/L on January 21, 2015. The low TOC concentrations found at Check 41 during
the period of high non-Project inflows are not seen at Devil Canyon. Silverwood Lake lies
between the two locations but it normally does not have the dampening effect on
concentration fluctuations that is seen in San Luis Reservoir and Castaic Lake.

e Wet Year/Dry Year Comparison — The Devil Canyon wet year median concentration of 3.2
mg/L is not statistically significantly higher than the dry year median concentration of 3.0
mg/L.

e Seasonal Trends — Figure 3-52 shows the same seasonal trend at Devil Canyon that is seen
at Check 41. The highest concentrations of TOC occur in March and the lowest
concentrations occur in November.
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Figure 3-50. TOC Concentrations at Devil Canyon
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Figure 3-52. Monthly Variability in TOC at Devil Canyon
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SUMMARY

e The DOC fingerprints indicate that the San Joaquin River is the primary source of DOC
at the south Delta pumping plants when flows on that river are high. During dry years, the
Sacramento River has more influence on DOC concentrations at the pumping plants.
Delta agricultural drainage is also a source of DOC at the pumping plants.

e TOC concentrations are measured with both the combustion and oxidation methods at
various locations in the SWP. Ngatia et al. (2010) found that the two methods were
equivalent and that the field instruments were equivalent to the laboratory instruments at
the 20 percent equivalence level. Organic carbon samples measured with the oxidation
method were evaluated in this chapter since there is a longer period of record. The grab
samples that are analyzed by the oxidation method were compared to real-time results
that are analyzed by the combustion method since most of the real-time samplers use the
combustion method.

e The median TOC concentration of 1.9 mg/L is the same at Hood and West Sacramento.
This is despite the fact that the high quality American River (median of 1.6 mg/L) enters
the Sacramento River between these two locations. This is likely due to the fact that
urban runoff and treated wastewater from the Sacramento urban area are discharged to
the river between West Sacramento and Hood. The median TOC concentration of 3.3
mg/L at Vernalis is statistically significantly higher than the median concentration of 1.9
mg/L at Hood.

e TOC concentrations are much higher in the NBA than any other location in the SWP. The
concentrations range from 1.3 to 43 mg/L, with a median of 4.6 mg/L. The local Barker
Slough watershed is the source of this TOC.

e TOC concentrations do not change as water leaves Banks and flows through the SBA and
the California Aqueduct. The concentrations at DV Check 7 range from 1.5 to 9.2 mg/L
during the period of record with a median of 3.6 mg/L.

e The median TOC concentrations along the aqueduct range from 3.0 to 3.6 mg/L. San
Luis Reservoir and Castaic Lake have less variability in TOC concentrations than the
aqueduct due to the dampening effect of reservoir mixing. The dampening effect is not
seen in Silverwood Lake on the East Branch due to its limited hydraulic residence time.
Changes in TOC concentrations are apparent in the aqueduct during periods when non-
Project inflows are introduced between Checks 21 and 41.

e Water agencies treating SWP water in conventional water treatment plants must remove
TOC from their influent water based on the TOC and alkalinity concentrations of the
water. Agencies treating NBA water typically remove 35 percent of the TOC and at
times, are required to remove up to 50 percent of the TOC. The SWP Contractors treating
water from the California Aqueduct in conventional water treatment plants typically have
to remove 25 percent of the TOC. Alkalinity levels are often low when TOC
concentrations are high, leading to the requirement to remove 35 percent of the TOC in
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the source water. On occasion, alkalinity concentrations drop below 60 mg/L when TOC
concentrations exceed 4 mg/L leading to the requirement to remove 45 percent of the
TOC in the source water.

e The real-time analyzers at Hood, Vernalis, Banks, and Gianelli provide valuable
information on the variability of TOC concentrations at these locations. The real-time
monitoring data compare well with the grab sample data collected on the same day. As
discussed in the previous WSS, the real-time data show that TOC peaks are higher than
previously measured in grab samples. However, the real-time monitoring and grab
sample data appear to match better in 2011 to 2015 compared to previous years.

e Sampling conducted at Gianelli should be used to characterize water released from San
Luis Reservoir instead of Pacheco, due to new real-time water quality monitoring station
in the channel between San Luis Reservoir and O’Neill Forebay. Grab samples collected
at Gianelli at times show more variability than the grab samples at Pacheco, so Pacheco
does not represent well the quality of water released from San Luis Reservoir.

e Time series graphs at all of the other key locations were visually inspected to determine if
there are any discernible trends. There are no apparent long term trends at most of the
locations included in this analysis. There is an increasing trend from 2012 to 2015 for
most sites, but that is attributed to four consecutive dry years and not a long-term trend.
TOC concentrations have been lower at Check 41 and Castaic Outlet in recent years as a
result of the substantial amount of non-Project inflows that are low in TOC. Inexplicably,
the lower TOC concentrations have not been observed at Devil Canyon.

e All of the dry year medians increased from the 2011 WSS for all locations except for
Vernalis, Barker Slough, Check 41 and Devil Canyon. The dry year median for Barker
Slough, Check 41 and Devil Canyon remained the same, compared to the 2011 WSS. The
dry year median for Vernalis decreased slightly compared to the 2011 WSS.

e There were a number of locations where the maximum TOC over the entire period of
record occurred in either 2014 or 2015, the third and fourth consecutive years of dry
water years since 2012. For example:

o Hood maximum TOC concentration of 9.1 mg/L was measured in December

2014.

o Vernalis maximum TOC concentration of 12.5 mg/L was measured in December
2014.

o Pacheco maximum TOC concentration of 5.9 mg/L was measured in September
2015.

e As shown in Table 3-3, dry year concentrations are statistically significantly higher than
wet year concentrations at Hood, Vernalis, Banks, DV Check 7 and McCabe. After the
San Luis Reservoir, there is no significant difference in wet and dry years at Pacheco,
O’Neill Forebay Outlet, Check 21 and Devil Canyon. Wet year concentrations are
statistically significantly higher than dry year concentrations at Check 21 and Castaic
Outlet.
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e There is a distinct seasonal pattern in TOC concentrations in the Sacramento River, the
Delta, and the aqueducts. High concentrations (5 to 9 mg/L) occur during the wet season
and low concentrations (2 to 3 mg/L) occur in the late summer months. Vernalis has a
slightly different pattern with both winter and summer peaks. The summer peak is
attributed to agricultural drainage entering the river during low flow periods. Castaic
Lake displays a different seasonal pattern. Concentrations are highest in the summer
months and lowest in the winter months.

Table 3-3. Comparison of Dry Year and Wet Year TOC Concentrations

Median TOC
(mg/L)
TOC
Dry Wet Difference | Percent Statistical

Location Years Years (mg/L) Difference | Significance
Hood 2.1 1.7 0.4 19% D>W
Vernalis 34 3.1 0.3 9% D>W
Banks 3.8 3.2 0.6 16% D>W
Barker Slough 4.2 5.8 -1.6 -38% D<W
DV Check 7 3.7 3.3 0.4 11% D>W
McCabe 3.5 3.2 0.3 9% D>W
Pacheco 34 3.5 -0.1 -3% No
O'Neill Forebay
Outlet 34 3.3 0.1 3% No
Check 21 3.2 3.2 0 0% No
Check 41 2.9 3.2 -0.3 -10% D<W
Castaic Outlet 2.6 3 -0.4 -15% D<W
Devil Canyon 3 3.2 -0.2 -7% No
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CHAPTER 4 SALINITY

WATER QUALITY CONCERN

Salinity of water is caused by dissolved anions (sulfate, chloride, bicarbonate) and cations
(calcium, magnesium, sodium, and potassium). Salinity is measured as total dissolved solids
(TDS) and electrical conductivity (EC). High levels of TDS in drinking water can cause a salty
taste, and become aesthetically objectionable to consumers. The U.S. Environmental Protection
Agency (USEPA) and the State Water Resources Control Board’s Division of Drinking Water
(DDW) have established secondary Maximum Contaminant Levels (MCLs) for TDS and a
number of other constituents that affect the aesthetic acceptability of drinking water. The federal
standards are unenforceable guidelines, but the California standards are enforceable, and are
based on the concern that aesthetically unpleasant water may lead consumers to unsafe sources.
The California secondary MCLs related to salinity are listed in Table 4-1. Conventional water
treatment adds chemicals and slightly increases salinity. Therefore, the concentration of
dissolved minerals in the source water is a significant factor determining the palatability of the
treated drinking water.

Table 4-1. California Secondary Maximum Contaminant Levels

Constituent Maximum Contaminant Level Ranges
Recommended Upper Short Term
TDS (mg/L) 500 1,000 1,500
EC (uS/cm) 900 1,600 2,200
Chloride (mg/L) 250 500 600
Sulfate (mg/L) 250 500 600

High TDS in drinking water supplied to consumers can have economic impacts, in that
mineralized water can shorten the life of plumbing fixtures and appliances, and create unsightly
mineral deposits on fixtures and outdoor structures. An important economic effect can be the
reduced ability to recycle water or recharge groundwater high in dissolved solids. For example,
the Santa Ana Regional Water Quality Control Board implemented a Watershed Management
Initiative that has salt management as a main component. In that area, it is not permissible to
discharge recycled water or recharge groundwater if TDS concentrations exceed established
limits. The trend has been toward increasingly stringent limits.

The Sacramento and San Joaquin rivers contain salts from natural sources, urban discharges, and
agricultural discharges. As the water from the rivers flows through the Sacramento-San Joaquin
Delta (Delta), salinity intrusion from the Pacific Ocean and agricultural and urban discharges in
the Delta contribute additional salt. The Delta is connected to the Pacific Ocean through San
Pablo Bay and San Francisco Bay. Freshwater outflow from the watersheds of the Delta repels
seawater and maintains the Delta as a freshwater source. Because the flows of freshwater vary
with hydrologic conditions and releases from upstream reservoirs, there is variation in how much
seawater intrudes into the Delta. Therefore, the salinity levels in Delta waters are also impacted
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by hydrologic conditions and releases from upstream reservoirs, and are generally inversely
related to the amount of freshwater outflow from the Delta.

WATER QUALITY EVALUATION
EC FINGERPRINTS

The Department of Water Resources (DWR) uses the fingerprinting method to identify the
sources of EC at Clifton Court Forebay (Clifton Court) and the C.W. “Bill” Jones Pumping Plant
(Jones). The EC fingerprints from 1991 to February 2017 period are shown in Figures 4-1 and
4-2. There is a data gap from June to October 2015. Due to the drought, DWR indicated that the
actual water quality conditions were outside the boundaries of the conditions under which the
models were developed and calibrated, and therefore this data has been omitted.

Figure 4-1 shows that the primary sources of EC at Clifton Court are seawater intrusion, Delta
agricultural drainage, and the San Joaquin and Sacramento rivers. During the late summer and
fall months, seawater intrusion contributes 300 to 600 pS/cm at Clifton Court. During wet years
when seawater intrusion is reduced, the San Joaquin River and Delta agricultural drainage are the
primary sources. Figure 4-2 shows the San Joaquin River and seawater intrusions are the
primary sources of EC at Jones. The San Joaquin River has a greater influence on EC at Jones
than at Clifton Court.

EC LEVELS IN THE SWP

EC data are analyzed in this chapter to examine changes in salinity as the water travels through
the SWP system and to determine if there are seasonal or temporal trends. All available EC data
from DWR’s Municipal Water Quality Investigations (MWQI) Program and the Division of
Operations and Maintenance (O&M) State Water Project (SWP) monitoring program through
December 2015 were obtained for a number of locations along the SWP. Both grab samples and
continuous recorder data are included in this analysis. Data are presented in summary form for
all locations and analyzed in more detail for a number of key locations. Table 4-2 presents a
summary of the period of record for data included in this analysis.

The recent study period of 2011 through 2015 represented a significant drought period in
California. Generally, the new EC data included in this assessment represented dry periods.
There were few changes to the statistics and trends for the wet period, but there were increases in
EC throughout the system for the dry period.
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Figure 4-1. EC Fingerprint at Clifton Court
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Figure 4-2. EC Fingerprint at Jones
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Table 4-2. EC Data

Grab Samples Real-time
Location ?)t::: End Date | Start Date ]l;::fe

West Sacramento Apr 1994 | Dec 2015

American Jul 1983 Dec 2015

Hood Mar 1982 Dec 2015 Jan 2004 | Dec 2015
Vernalis Mar 1982 | Dec 2015 Aug 1999 | Dec 2015
Banks Mar 1982 Dec 2015 Jan 1986 | Dec 2015
Barker Slough Sep 1988 | Dec 2015 Feb 1989 | Dec 2015
Cordelia Nov 2000 | Aug 2014 Jan 1990 | Dec 2015
DV Check 7 Dec 1997 Dec 2015 Jun 1994 | Dec 2015
Conservation Outlet Feb 1998 Dec 2015 Nov 2008 | Dec 2015
McCabe Dec 1997 Dec 2015

Pacheco Mar 2000 Dec 2015 Jul 1989 Dec 2015
O’Neill Forebay Outlet Jul 1988 Dec 2015 Jan 1990 | Dec 2015
Check 21 Dec 1997 Dec 2015 Jun 1990 | Dec 2015
Check 41 Dec 1997 Dec 2015 Jun 1993 | Dec 2015
Castaic Outlet Feb 1998 Dec 2015 Jan 2000 | Dec 2015
Silverwood Feb 1998 Dec 2015

Devil Canyon Second Dec 1997 | Dec 2015 Feb 2006 | Dec 2015
Afterbay*

*Note: Data were collected from Dec 1997 to May 2001 at Devil Canyon Afterbay, then at Devil Canyon

Headworks from June 2001 to December 2010, and then at Devil Canyon Second Afterbay in early 2011. These

datasets have been combined.

The SWP Watershed

Figure 4-3 presents the EC data for the tributaries to the Delta and for Harvey O. Banks Delta
Pumping Plant (Banks). EC levels are considerably lower in the Sacramento River than the San

Joaquin River at Vernalis (Vernalis).
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Figure 4-3. EC Levels in the SWP Watershed

Hood — Figure 4-4 shows all available grab sample EC data at Hood. The levels range from 73
to 352 puS/cm during the period of record with a median of 159 puS/cm.

Comparison of Real-time and Grab Sample Data — Figure 4-5 compares the real-time
data with the grab sample data at Hood over time. Average daily EC, calculated from
hourly measurements, was downloaded from the California Data Exchange Center
(CDEC) for this analysis. There is a good correspondence between the two data sets
when samples collected on the same day are compared. The real-time data show that peak
levels are only slightly higher than those measured in grab samples. Figure 4-6 compares
the real-time and grab sample data on a 1:1 basis. Figure 4-6 shows that when the 2011
to 2015 data is plotted 1:1, the R squared value is 0.9636 which is acceptable. Also, the
two data sets are not statistically different (Mann-Whitney, p=0.7474).

Spatial Trends — Figure 4-7 presents data for the Sacramento River at West Sacramento
(West Sacramento), the American River (American), and Hood. The period of record
varies between the three stations so the data collected during the 1994 to 2015 period at
all three locations were examined to determine if there are spatial trends. The American
median EC level of 63 pnS/cm is statistically significantly lower than the medians at West
Sacramento and Hood (Mann-Whitney, p=0.0000), both at 159 uS/cm. The median level
at Hood is not statistically significantly lower than the median at West Sacramento
(Mann-Whitney, p=0.4274).
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e Long-Term Trends — Visual inspection of Figure 4-4 does not show any discernible
long-term trends. The increasing EC trend from 2012 to 2015 is due to four consecutive
dry years, rather than a long-term pattern.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. The median concentration during wet years
of 146 uS/cm is statistically significantly lower than the median during dry years of 167
uS/cm (Mann-Whitney, p=0.0000). Figure 4-8 shows the influence of flows on EC
levels during different year types. Water year 2006 was a wet year with flows reaching
90,000 cubic feet per second (cfs) on the Sacramento River at Freeport (a few miles
upstream of Hood). EC levels dropped as flows increased. Similarly water year 2011 was
a wet year with flows reaching 75,000 cfs, and EC levels dropped. Water year 2007 was a
dry year and 2008 was a critical year. Peak flows during those two years reached 40,000
cfs and dry season flows dropped to less than 10,000 cfs. Water years 2012 to 2015 were
also either below normal, dry or critical. During these years, EC levels gradually
increased. During low flow periods, the treated wastewater, urban runoff, and agricultural
discharges to the river have a greater influence than during the high flow periods.

e Seasonal Trends — Figure 4-9 presents the grab sample monthly data for the entire period
of record. This figure indicates that the EC levels decline during the spring months and
levels are lowest in July. During the late spring and early summer months, snow melt
results in higher flows with low EC levels. The EC levels rise during the late summer and
fall months when flows on the river are low.
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Figure 4-4. EC Levels at Hood

400

Dry Years

Wet Years

300

250

EC (uS/cm)

200

100

50
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Figure 4-6. Comparison of Hood Real-time and Grab Sample EC Data, 1:1 Graph
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Figure 4-8. Relationship Between EC and Flow at Hood
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Vernalis — Figure 4-10 shows all available grab sample EC data at Vernalis. The levels range
over an order of magnitude from 92 to 1,550 uS/cm during the period of record with a median of
638 uS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-11 compares the real-time
data with the grab sample data at Vernalis over time. Average daily EC, calculated from
hourly measurements, was downloaded from CDEC for this analysis. There is generally a
good correspondence between the two data sets when samples collected on the same day
are compared. Figure 4-12 compares the real-time and grab sample data on a 1:1 basis.
Figure 4-12 shows that when the 2011 to 2015 data is plotted 1:1, the R squared value is
0.9884 which is acceptable. Also, the two data sets are not statistically different (Mann-
Whitney, p = 0.6802).

e Spatial Trends — DWR does not collect data upstream of Vernalis on the San Joaquin
River.

e Long-Term Trends — Visual inspection of Figure 4-10 does not show any discernible
long-term trend but does indicate that the hydrology of the system affects EC at Vernalis.
EC levels clearly increase during dry periods and decrease during wet periods.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
statistically significant differences between wet years and dry years. The median
concentration during wet years of 414 puS/cm is statistically significantly lower than the
median during dry years of 726 pS/cm (Mann-Whitney, p=0.0000). Figure 4-13 shows
the influence of flows on EC levels during different year types. From 2005 to 2015, all
years were either below normal, dry, or critical, except for 2005, 2006 and 2011 which
were wet. Water year 2006 was a wet year with flows reaching almost 35,000 cfs on the
San Joaquin River at Vernalis. EC levels dropped to 118 puS/cm as flows increased.
Water year 2011 was a wet year with flows reaching 27,000 cfs and EC levels dropping
to 145 puS/cm. Relatively small increases in flow produce large drops in EC as shown in
the spring of 2008, 2009, 2010, 2012, 2013, 2014 and 2015. This is due to the influence
of the high quality eastern tributaries of the San Joaquin River.

e Seasonal Trends — Figure 4-14 presents the grab sample monthly data for the entire
period of record. This figure indicates that the EC levels decline during the spring months
and levels are lowest in May. The low EC levels during the spring months are largely due
to the high flows on the river mandated by the Vernalis Adaptive Management Plan
(VAMP). VAMP is mandated by the State Water Board in Decision 1641. From April 15
to May 15 high quality water is released from reservoirs to increase flows on the San
Joaquin River to increase the survival of chinook salmon smolts migrating to the ocean.
The EC levels rise during the summer and fall months when flows on the river are low
and agricultural drainage is discharged to the river. The high EC levels generally persist
until late winter when there is sufficient rain to increase flows in the river.
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Figure 4-10. EC Levels at Vernalis
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Figure 4-12. Comparison of Vernalis Real-time and Grab Sample EC Data, 1:1 Graph
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Figure 4-14. Monthly Variability in EC at Vernalis
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Banks — As shown in Figure 4-1, the sources of EC at Clifton Court and Banks are the
Sacramento and San Joaquin rivers, seawater intrusion, and Delta agricultural drainage. Figure
4-15 shows all available grab sample EC data at Banks. The levels range from 125 to 883 uS/cm
during the period of record with a median of 438 uS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-16 compares the real-time
data with the grab sample data at Banks over time. Average daily EC, calculated from
hourly measurements, was downloaded from CDEC for this analysis. There is generally a
good correspondence between the two data sets when samples collected on the same day
are compared. However, the grab sample data does not often measure the peak levels
above 800 uS/cm that are measured by the real-time equipment. Figure 4-17 compares
the real-time and grab sample data on a 1:1 basis. Figure 4-17 shows that when the 2011
to 2015 data is plotted 1:1, the R squared value is 0.9909 which is acceptable. Also, the
two data sets are not statistically different (Mann-Whitney, p=0.7177).

e Spatial Trends — Sacramento River water is degraded as it flows through the Delta by
discharges from Delta islands and mixing with the San Joaquin River. All available data
from Hood, Vernalis, and Banks are presented in Figure 4-3. The period of record (1982
to 2015) is the same between the three stations. The median EC at Banks (438 uS/cm) is
statistically significantly higher than the median of 159 pS/cm at Hood and statistically
significantly lower than the median of 638 uS/cm at Vernalis (Mann-Whitney,
p=0.0000).

e Long-Term Trends — DWR conducted an assessment of long-term salinity trends at
Banks using data from 1970 to 2002 and concluded that the salinity in SWP exports has
neither increased nor decreased over that period (DWR, 2004). Visual inspection of
Figure 4-15 indicates that EC trends are a function of hydrology. The increasing EC
trend from 2012 to 2015 is due to four consecutive dry years in the Sacramento Valley,
rather than a long-term pattern.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
statistically significant differences between wet years and dry years. The median
concentration during wet years of 305 uS/cm is statistically significantly lower than the
median during dry years of 497 uS/cm (Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 4-18 presents the grab sample monthly data for the entire
period of record. This figure indicates that the EC levels decline during the spring and
early summer months when flows on the rivers are high. The lowest EC levels at Banks
are in July. EC generally increases from August to December due to low river flows,
agricultural drainage from the San Joaquin Valley and the Delta, and seawater intrusion.
The seasonal pattern at Banks is similar to the pattern at Hood.
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Figure 4-15. EC Levels at Banks
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Figure 4-17. Comparison of Banks Real-time and Grab Sample EC Data, 1:1 Graph
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Figure 4-18. Monthly Variability in EC at Banks
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North Bay Aqueduct

Chapter 2 contains a description of the North Bay Aqueduct (NBA). The sources of water are the
local Barker Slough watershed and the Sacramento River.

Project Operations

After the water is diverted from Barker Slough, the quality of water delivered to NBA users
should not be affected by any other factors since the NBA is an enclosed pipeline. Figure 4-19
shows average monthly diversions at Barker Slough for the 1998 to 2015 period and median
monthly EC levels. This figure shows that pumping is highest between May and November. The
median EC is 420 uS/cm during May but it declines to less than 300 uS/cm during the summer
and fall months. In general, there is an inverse relationship with the lowest EC levels occurring
when pumping is high. The higher pumping rates in late spring and summer pull fresher (i.e. low
EC) water in from Cache Slough and the Sacramento River. During the rainy season, Barker
Slough can experience elevated levels of EC primarily due to base flows and the sodic soils in
the upstream Barker Slough watershed. Many of the NBA users switch to alternative supplies
during the winter and spring months when EC levels are highest.

Figure 4-19. Average Monthly Barker Slough Diversions and Median EC Levels
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EC Levels in the NBA

Real-time and grab sample EC data are collected for the NBA at Barker Slough and Cordelia
Forebay (Cordelia). Figure 4-20 shows all available grab sample EC data at Barker Slough. The
levels range from 104 to 614 puS/cm during the period of record with a median of 290 puS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-21 compares the real-time
data with the grab sample data at Barker Slough over time. Average daily EC, calculated
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from hourly measurements, was downloaded from CDEC for this analysis. There is
generally a good correspondence between the two data sets when samples collected on
the same day are compared. The real-time data suggest that there are greater fluctuations
in EC than are captured by the grab samples. Figure 4-22 compares the real-time and
grab sample data on a 1:1 basis. Figure 4-22 shows that when the 2011 to 2015 data is
plotted 1:1, the R squared value is 0.9723 which is acceptable. Also, the two data sets are
not statistically different (Mann-Whitney, p=0.7657).

e Spatial Trends — Figure 4-23 compares the grab sample data at Barker Slough and
Cordelia for the 2000 to 2014 period when samples were collected at both locations.
There were no 2015 samples collected at Cordelia and only one sample collected in 2014.
The Barker Slough grab median of 267 puS/cm is not statistically significantly different
from the Cordelia grab sample median of 270 uS/cm (Mann-Whitney, p= 0.8634).

e Long-Term Trends — There is not a discernible long-term trend at Barker Slough based
on visual inspection of Figure 4-20.

e Wet Year/Dry Year Comparison — The Barker Slough grab sample data were analyzed to
determine if there are statistically significant differences between wet years and dry
years. The median concentration during wet years of 289 uS/cm is not statistically
significantly lower than the median during dry years of 290 puS/cm (Mann-Whitney,
p=0.2335).

e Seasonal Trends —Figure 4-24 presents the grab sample monthly data for the entire
period of record. This figure indicates that the EC levels are lowest in the late summer
and early fall months and then increase from late fall to early spring.
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Figure 4-20. EC Levels at Barker Slough
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Figure 4-22. Comparison of Barker Slough Real-time and Grab Sample EC Data, 1:1
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Figure 4-23. Comparison of EC at Barker Slough and Cordelia, 2000 to 2014
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Figure 4-24. Monthly Variability in EC at Barker Slough
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South Bay Aqueduct

Chapter 2 contains a description of the South Bay Aqueduct (SBA). The Delta is the primary
source of water and Lake Del Valle is the secondary source.

Project Operations

The quality of water delivered to the SBA Contractors is governed by the timing of diversions
from Bethany Reservoir and releases from Lake Del Valle. Figure 4-25 shows average monthly
diversions at the South Bay Pumping Plant and releases from Lake Del Valle for the 1998 to
2015 period. Median monthly EC levels at Del Valle Check 7 (DV Check 7) are also shown.
This figure shows that EC levels are less than 500 uS/cm when most of the water is pumped into
the SBA, closer to 400 puS/cm during the peak pumping of the summer months. The median
concentrations increase rapidly to 500 uS/cm in September when pumping is high. EC increases
sharply during the fall months at DV Check 7. Water is released from Lake Del Valle primarily
between September and November. The 1998 to 2015 median EC level at the Lake Del Valle
Conservation Outlet (Conservation Outlet) is 393 puS/cm, indicating the Del Valle releases may
decrease the EC level of water delivered to SBA Contractors during the fall months.

Figure 4-25. Average Monthly Diversions at the South Bay Pumping Plant, Releases from
Lake Del Valle, and Median EC Levels
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EC Levels in the SBA

Figure 4-26 presents all available grab sample EC data at DV Check 7. The EC levels range
from 116 to 894 pS/cm with a median of 434 uS/cm.
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e Comparison of Real-time and Grab Sample Data — Figure 4-27 compares the real-time
data with the grab sample data at DV Check 7 over time. Average daily EC, calculated
from hourly measurements, was downloaded from CDEC for this analysis. There is
generally a good correspondence between the two data sets when samples collected on
the same day are compared. Figure 4-28 compares the real-time and grab sample data on
a 1:1 basis. Figure 4-28 shows that when the 2011 to 2015 data is plotted 1:1, the R
squared value is 0.9968 which is acceptable. Also, the two data sets are not statistically
different (Mann-Whitney, p = 0.9638).

e Spatial Trends — It is not possible to compare all locations along the SBA that have been
monitored due to varying periods of record. The grab sample data from 1997 to 2015 for
Banks and DV Check 7 are shown in Figure 4-29. The Santa Clara Terminal Reservoir
was not included in the analysis, as only nine samples were collected from 2011 to 2015,
with five out of the nine samples in 2011. The median concentration at DV Check 7 (434
uS/cm) is not statistically significantly different than the median concentration at Banks
(426 uS/cm). Water from Lake Del Valle enters the SBA between DV Check 7 and the
Terminal Tank but does not appear to statistically significantly affect EC levels when the
data are aggregated in this manner.

e Long-Term Trends — Visual inspection of Figure 4-26 does not reveal a discernible trend
in the data from DV Check 7. The increasing EC trend from 2012 to 2015 is due to four
consecutive dry years, rather than a long-term pattern. The maximum concentration of
894 nuS/cm was measured in February 2014.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
statistically significant differences between wet years and dry years. The median
concentration during wet years of 307 uS/cm 1is statistically significantly lower than the
median during dry years of 504 uS/cm (Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 4-30 presents the grab sample monthly data for the entire
period of record at DV Check 7. The EC levels at DV Check 7 show the same monthly
pattern as at Banks with the lowest levels in July and increasing EC during the fall
months.
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Figure 4-26. EC at DV Check 7
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Figure 4-27. Comparison of DV Check 7 Real-time and Grab Sample EC Data Over Time
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Figure 4-28. Comparison of DV Check 7 Real-time and Grab Sample EC Data, 1:1 Graph
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Figure 4-29. Comparison of EC at Banks and DV Check 7 (1997 to 2015)
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Figure 4-30. Monthly Variability in EC at DV Check 7
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California Aqueduct and Delta-Mendota Canal

A number of SWP Contractors take water from the SWP between San Luis Reservoir and the
terminal reservoirs. This section is organized by various reaches of the SWP and individual SWP
Contractors taking water from each reach are described in the following sections.

Project Operations

The quality of water delivered to SWP Contractors south of San Luis Reservoir is governed by
the timing of diversions from the Delta at Banks, pumping into O’Neill Forebay from the Delta-
Mendota Canal (DMC), releases from San Luis Reservoir, non-Project inflows to the Governor
Edmund G. Brown California Aqueduct (California Aqueduct), and storage in terminal
Ieservoirs.

Figure 4-31 shows average monthly diversions at the Banks Pumping Plant and median monthly
EC levels for the 1998 to 2015 period. Median EC levels range from 287 to 431 uS/cm during
the peak diversion months of July to September; however the median EC levels range from 453
to 543 uS/cm during the October to March period when a substantial amount of water is diverted
from the Delta at Banks. Due to constraints on pumping, very little water is diverted during the
April to June period when median EC levels are less than 400 puS/cm.

Figure 4-32 shows the average monthly amount of water pumped from the DMC at O’Neill
Pump-Generating Plant into O’Neill Forebay and the median EC level in the DMC at McCabe
Road (McCabe). The median EC levels show the same seasonal pattern as at Banks but the EC
levels at McCabe are higher, particularly in the months of January and February where McCabe
is 200 puS/cm higher than Banks. The pumping pattern at O’Neill is different from the pattern at
Banks. There is little pumping into O’Neill Forebay during the April to August period when EC
levels are lowest. Most of the pumping occurs between September and March when median EC
levels range from 500 to 700 pS/cm. During the 1998 to 2015 period that data were available, the
DMC contributed between 26 and 44 percent of the water entering O’Neill Forebay with a
median of 29 percent.
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Figure 4-31. Average Monthly Banks Diversions and Median EC Levels
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Figure 4-32. Average Monthly Pumping at O’Neill and Median EC Levels at McCabe
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The operation of San Luis Reservoir impacts water quality in the California Aqueduct south of
the reservoir. Water from O’Neill Forebay is pumped into San Luis Reservoir at the William R.
Gianelli Pumping-Generating Plant (Gianelli) and water released from San Luis Reservoir flows
into O’Neill Forebay before entering the California Aqueduct. Water is also pumped out of San
Luis Reservoir on the western side at the Pacheco Pumping Plant (Pacheco) for SCVWD. In
2012, DWR installed a real-time water quality monitoring station in the channel between San
Luis Reservoir and O’Neill Forebay (Gianelli Real-Time). Real-time TOC, turbidity, EC and
bromide data are collected. Grab EC samples were also taken from the channel approximately
once a month (Gianelli grab) from August 2013 to December 2015. Figure 4-33 shows EC data
collected at Pacheco, Gianelli Grab and Gianelli Real-Time. The variation in the Gianelli data is
due to operations. When pumping occurs into San Luis Reservoir, the water sample at Gianelli is
O’Neill Forebay water. When releases occur from San Luis Reservoir, the water sample at
Gianelli is San Luis water. Grab samples collected at Gianelli at times show more variability
than the grab samples at Pacheco, so Pacheco does not represent well the quality of water
released from San Luis Reservoir. Figure 4-33 shows that the grab and real-time data for EC at
Gianelli match well and are consistent. Due to the variability in the Gianelli data, Pacheco data
should not be used to represent the quality of water released from San Luis Reservoir.

Figure 4-33. Comparison of Pacheco Grab Samples, Gianelli Grab Samples and Gianelli
Real Time Data for EC
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The operation of San Luis Reservoir impacts water quality in the California Aqueduct south of
the reservoir. Figure 4-34 shows the pattern of pumping (1998 to 2015) into the reservoir and
releases from the reservoir to O’Neill Forebay. The median EC level at Banks represents the
quality of water pumped into the reservoir from the California Aqueduct and the median EC
level at McCabe represents the quality of water pumped in from the DMC. Figure 4-34 shows
there are two distinct periods for San Luis Reservoir with respect to EC levels:
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e Fall and Winter Filling — The reservoir is filled from September to March when the
median EC levels in water entering the reservoir are high (431 to 543 uS/cm at Banks
and 528 to 695 uS/cm at McCabe).

e Spring and Summer Releases — Water is released during the April to August period when
median EC levels at Gianelli range from 581 to 650 uS/cm during years 2013 to 2015.
Pacheco ranged from 499 to 513 puS/cm. During the release period, the EC levels in water
released from San Luis Reservoir are higher than the EC levels in the water entering
O’Neill Forebay from the California Aqueduct and the DMC, indicating that releases
from the reservoir increase EC levels in the aqueduct.

Figure 4-34. San Luis Reservoir Operations and Median EC Levels
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EC Levels in the DMC and SWP

Figure 4-35 presents a summary of all grab sample EC data collected at each of the locations
along the DMC, the California Aqueduct, and SWP reservoirs. There are varying periods of
record for each location so differences between locations may be due to the hydrologic
conditions under which the samples were collected. Changes in EC along the aqueduct are
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described in the following sections. There is some reduction in variability in EC levels in the
reservoirs due to the blending of water with varying EC levels over time in the reservoirs.

Figure 4-35. EC Levels in the DMC and SWP
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Delta-Mendota Canal — Grab sample EC data have been collected from McCabe and real-time
data have been collected at the O’Neill Pump-Generating Plant (O’Neill Intake), which is the
point at which the DMC enters O’Neill Forebay. Figure 4-36 presents the EC data for McCabe.
There is considerable variability in the data with EC levels ranging from 143 to 1150 uS/cm with
a median of 479 puS/cm.

Comparison of Real-time and Grab Sample Data — Figure 4-37 shows hourly real-time
data at O’Neill Intake over a two week period in September 2016. This graph illustrates
the hourly variation of EC concentrations due to tidal influence, which is strongest in the
fall. The monthly EC grab samples at McCabe do not adequately represent the quality of
water entering O’Neill Forebay from the DMC. The EC of the water from the DMC
depends on when pumping occurs into O’Neill Forebay and the EC of the water at that
time. For example, EC was 388 puS/cm on September 5, 2016 at 22:00, but increased to
499 uS/cm just three hours later on September 6, 2016 at 1:00. Therefore, real-time data
at O’Neill Intake was not compared to grab sample data at McCabe.

Spatial Trends — Figure 4-38 presents the EC data collected at Banks and McCabe
between 1997 and 2015. The EC median at McCabe of 479 uS/cm is statistically
significantly higher than the EC median at Banks of 426 uS/cm (Mann-Whitney,
p=0.0001). McCabe is higher due to the greater influence of the San Joaquin River at
Jones.

Long-Term Trends — Visual inspection of Figure 4-36 does not show any discernible
long-term trend in EC levels at McCabe. The increasing EC trend from 2012 to 2015 is
due to four consecutive dry years, rather than a long-term pattern.

Wet Year/Dry Year Comparison — The influence of hydrology on EC levels is clearly
shown in Figure 4-36 with dry years having higher levels of EC than wet years. The
McCabe wet year median EC level of 349 uS/cm is statistically significantly lower than
the dry year median of 568 uS/cm (Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 4-39 shows there is a seasonal pattern of declining EC levels
during the spring months at McCabe with the lowest levels in July. During the late
summer and fall months, EC levels rise with the highest levels occurring in January and
February. The EC fingerprint (Figure 4-2) shows that the increase in EC levels at
McCabe is due to a combination of seawater intrusion, high levels of EC at Vernalis, and
Delta agricultural drainage. During August through September of most years, seawater
intrudes into the Delta due to low flows on the Sacramento and San Joaquin rivers.
During these months, temporary barriers are installed in the south Delta. This results in
the San Joaquin River mixing with lower EC water in the central Delta before it is drawn
to the Jones Pumping Plant. In many years, the barriers are removed in the late fall when
flows on the San Joaquin River are increasing. This results in increasing EC levels at
Jones as the San Joaquin River is once again drawn directly to the pumping plant. The
increase in EC at McCabe during these months depends on the degree of mixing of the
San Joaquin River with lower EC water in the south Delta. Delta agricultural drainage is
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also responsible for an increase in EC at Jones, primarily during January to February
when water is pumped off of the islands.

Figure 4-36. EC Levels at McCabe

1,400
Dry Years
1.200 H Wet Years
1,000 I
E | | A
o
S 800 i va
2
2 I
w
600 [ l Il
_ L L J
400 \ [J N |UU U w ' L}\'\ U |
200 v T L4 v "‘
0 —r——
AP o ORI I I - T R N, W S MY
o & F S S & &S SN N NN NN
P S S A s P S Ol s P s
Figure 4-37. Hourly EC Data at O’Neill Intake
550
9/6/16 at 1:00
500 A\
T 450 - A
S
0
2
O
o 400 v
| v N L
350 9/5/16 at 22:00 /
300 : : . . . . . . .
N\ N\ N\ O O O N\ N\ N\ O
S S S S S S S S S S
N o © © N Ny N o o ©
& » v o g o o° ™ o o
4-33 June 2017

Final Report



California State Water Project Chapter 4
Watershed Sanitary Survey 2016 Update Salinity

Figure 4-38. Comparison of Banks and McCabe EC Levels (1997-2015)

Figure 4-39. Monthly Variability in EC at McCabe
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San Luis Reservoir — Grab sample EC data have been collected at Pacheco since 2000 and real-
time data have been collected since 1989. Figure 4-40 presents all of the available grab sample
EC data for Pacheco. Grab sample and real-time data are available at Gianelli from 2013 to 2015.
The Gianelli data were presented previously and are not discussed further due to the limited
period of record. There is much less variability in EC levels in the reservoir than in the aqueduct.
The EC levels at Pacheco range from 382 to 688 uS/cm with a median of 512 puS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-41 shows there is good
correspondence between the real-time and grab sample data collected between 2000 and
2010. Average daily EC, calculated from hourly measurements, was downloaded from
CDEC for this analysis. The real-time data indicate that EC levels were considerably
higher at Pacheco during the drought of the early 1990s. The peak level at that time was
873 uS/cm. Figure 4-42 compares the real-time and grab sample data on a 1:1 basis.
Figure 4-42 shows that when the 2011 to 2015 data is plotted 1:1, the R squared value is
0.9703 which is acceptable. Also, the two data sets are not statistically different (Mann-
Whitney, p=0.6338).

e Spatial Trends — The real-time data from Banks, McCabe, and Pacheco for the 2000 to
2015 period are presented in Figure 4-43 to show the variability between Pacheco and
the two sources of water to San Luis Reservoir. The median EC level at Pacheco of 512
uS/cm is statistically significantly higher than the Banks median of 445 puS/cm (Mann-
Whitney, p=0.0000), but it is not statistically significantly higher than the median EC
level at McCabe of 499 uS/cm (p=0.2975). The higher EC in San Luis Reservoir is likely
due to a combination of evaporation in the reservoir and pumping of water into the
reservoir during the fall and winter months when Delta salinity is high.

e Long-Term Trends — Figure 4-40 shows that EC levels have declined considerably since
1991, which was the fifth year of a six year drought. This was followed by six wet years
between 1995 and 2000 so the trend is a function of hydrology rather than any long-term
change in EC in the reservoir. Similarly, the increasing EC trend from 2012 to 2015 is
due to four consecutive dry years, rather than a long-term pattern.

e Wet Year/Dry Year Comparison — As shown with the real-time data and the grab sample
data shown in Figure 4-40, EC levels are lower in wet years than in dry years. The
Pacheco grab sample wet year median of 493 uS/cm is statistically significantly lower
than the dry year grab sample median of 530 uS/cm (Mann-Whitney, p=0.0000.)

e Seasonal Trends — Figure 4-44 shows there is no distinct seasonal pattern.
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Figure 4-40. EC Levels at Pacheco
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Figure 4-42. Comparison of Pacheco Real-time and Grab Sample EC Data, 1:1 Graph
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Figure 4-44. Monthly Variability in EC at Pacheco

O’Neill Forebay Outlet — O’Neill Forebay Outlet on the California Aqueduct is a mixture of
water from San Luis Reservoir, the California Aqueduct, and the DMC. Figure 4-45 presents the
EC grab sample data for O’Neill Forebay Outlet. The EC levels at O’Neill Forebay Outlet range
from 176 to 955 pS/cm with a median of 488 uS/cm.

Comparison of Real-time and Grab Sample Data — Figure 4-46 shows there is good
correspondence between the real-time and grab sample data over time. Average daily EC,
calculated from hourly measurements, was downloaded from CDEC for this analysis.
The real-time measurements captured peak levels above 900 uS/cm in 1990 that were not
captured by the grab samples. Figure 4-47 compares the real-time and grab sample data
on a 1:1 basis. Figure 4-47 shows that when the 2011 to 2015 data is plotted 1:1, the R
squared value is 0.9214 which is acceptable. Also, the two data sets are not statistically
different (Mann-Whitney, p=0.6394).

Spatial Trends — Figure 4-48 compares the grab sample data from Banks, McCabe and
O’Neill Forebay (1997-2015). EC increases between Banks and O’Neill Forebay Outlet
due to storage in San Luis Reservoir and to mixing with water from the more saline DMC
in O’Neill Forebay. The O’Neill Forebay Outlet median concentration of 483 uS/cm is
statistically higher than the Banks median of 425 uS/cm (Mann-Whitney, p=0.0002).

Long-Term Trends — Figure 4-45 shows a sharp decline in EC concentrations from 1990
to 1997. As discussed previously, there was a six year drought between 1987 and 1992

Final Report 4-38 June 2017



California State Water Project Chapter 4
Watershed Sanitary Survey 2016 Update Salinity

with high EC levels at many locations in the SWP. This was followed by a wet period
between 1995 and 2006, with low EC levels. The increasing EC trend from 2012 to 2015
is due to four consecutive dry years, rather than a long-term pattern.

e Wet Year/Dry Year Comparison — The O’Neill Forebay Outlet wet year median EC level
of 381 uS/cm is statistically significantly lower than the dry year median of 544 uS/cm
(Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 4-49 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in the fall. This is
similar to the seasonal pattern exhibited at Banks; however, EC levels at O’Neill Forebay
Outlet are higher than EC levels at Banks from April to August. Water with EC levels
around 500 uS/cm is generally released from San Luis Reservoir during these months.

Figure 4-45. EC Levels at O’Neill Forebay Outlet
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Figure 4-46. Comparison of O’Neill Forebay Outlet Real-time and Grab Sample EC Levels
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Figure 4-47. Comparison of O’Neill Forebay Outlet Real-time and Grab Sample EC Levels,
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Figure 4-48. Comparison of Banks, McCabe and O’Neill Forebay Outlet EC Levels (1997-
2015)

Figure 4-49. Monthly Variability in EC at O’Neill Forebay Outlet
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Check 21 — Check 21 represents the quality of water entering the Coastal Branch. Figure 4-50
presents the EC grab sample data for Check 21. The EC levels at Check 21 range from 190 to
883 uS/cm with a median of 492 puS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-51 shows there is good
correspondence between the real-time and grab sample data over time. Average daily EC,
calculated from hourly measurements, was downloaded from CDEC for this analysis.
The real-time measurements captured peak levels above 600 uS/cm in several years that
were not captured by the grab samples. Figure 4-52 compares the real-time and grab
sample data on a 1:1 basis. Figure 4-52 shows that when the 2011 to 2015 data is plotted
1:1, the R squared value is 0.9755 which is acceptable. Also, the two data sets are not
statistically different (Mann-Whitney, p = 0.9442).

e Spatial Trends — Figure 4-53 compares the grab sample data collected at O’Neill Forebay
Outlet to Check 21 from 1997 to 2015. Although there are flood and groundwater non-
Project inflows into the aqueduct between O’Neill Forebay Outlet and Check 21, the
median EC of 493 uS/cm at Check 21 is not statistically significantly different than the
median EC of 483 uS/cm at O’Neill Forebay Outlet.

e Long-Term Trends — Visual inspection of Figure 4-50 does not reveal any discernible
long-term trend. The increasing EC trend from 2012 to 2015 is due to four consecutive
dry years, rather than a long-term pattern.

e Wet Year/Dry Year Comparison — The Check 21 wet year median EC of 398 uS/cm is
statistically significantly lower than the dry year median EC level of 517 uS/cm (Mann-
Whitney, p=0.0000).

e Seasonal Trends — Figure 4-54 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer (July) and the highest concentrations in the fall.
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Figure 4-50. EC Levels at Check 21
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Figure 4-51. Comparison of Check 21 Real-time and Grab Sample EC Levels Over Time

Final Report

1,200
Real-time
A Grab
T
1,000 A
A
~ 800 l )
€
L
%]
=2
£ 600 {4 A
| L‘l'ﬂ ‘ | |
f M' 1
400_ |l ‘i A .I. 1 ‘:
U110 YR
1 N v )
[
200 I ;!
0 T T T T T T T T T T T T T T T T T T
A P O N DO > © Q& O OO N v v N0
o 0 . . . H N SN SN NN NNN
0‘} 0‘}' Oc} Oé 0‘} 0‘}' Oc} Oé 0‘} 0‘}' Oc} Oé 0‘} 0‘}' Oc} Oé 0‘} 0‘}' Oc}
4-43 June 2017



California State Water Project Chapter 4
Watershed Sanitary Survey 2016 Update Salinity

Figure 4-52. Comparison of Check 21 Real-time and Grab Sample EC Levels, 1:1 Graph
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Figure 4-53. Comparison of Check 21 and O’Neill Forebay Outlet EC Levels (1997-2015)

Final Report 4-44 June 2017



California State Water Project Chapter 4
Watershed Sanitary Survey 2016 Update Salinity

Figure 4-54. Monthly Variability in EC at Check 21
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Check 41 — Check 41 is just upstream of the bifurcation of the aqueduct. Figure 4-55 presents
the EC grab sample data for Check 41. The EC levels at Check 41 range from 106 to 722 uS/cm
with a median of 469 puS/cm.

e Comparison of Real-time and Grab Sample Data — Figure 4-56 shows there is good
correspondence between the real-time and grab sample data over time. Average daily EC,
calculated from hourly measurements, was downloaded from CDEC for this analysis.
The real-time captured peak levels above 600 puS/cm in several years that were not
captured by the grab samples. The auto-sample results also show that EC levels were
much higher in the early 1990s than in recent years. In recent years, the grab and real-
time results have shown less correspondence, likely due to non-Project inflows. Figure 4-
57 compares the real-time and grab sample data on a 1:1 basis. Figure 4-57 shows that
when the 2011 to 2015 data is plotted 1:1, the R squared value is 0.8081 which is
acceptable. Also, the two data sets are not statistically different (Mann-Whitney, p =
0.2272).

e Spatial Trends —Figure 4-58 shows the median EC of 465 uS/cm at Check 41 is
statistically significantly different from the median of 493 pS/cm at Check 21 (Mann-
Whitney, p=0.0009). Large volumes of groundwater and some surface water enter the
aqueduct between Checks 21 and 41. The EC levels of some non-Project inflows are
lower than the levels in the aqueduct and the levels of some non-Project inflows are
higher than the aqueduct. Figure 4-49 presents the data for Check 21 and Check 41 for
the last five years. From January 2007 to July 2010, the EC levels at Check 41 were
substantially lower than the levels at Check 21. This trend continued more profoundly in
2014 and 2015.

e Long-Term Trends — Figure 4-55 shows the same hydrology-based trend as seen at other
locations. EC increases during dry years and then decreases during wet year. The wet
year decreases are due to a combination of lower EC water pumped from the Delta and
non-Project inflows with low EC.

e Wet Year/Dry Year Comparison — The Check 41 wet year median EC level of 354 uS/cm
is statistically significantly lower than the dry year median EC level of 491 uS/cm
(Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 4-59 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer (July and August) and the highest concentrations in the fall.
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Figure 4-55. EC Levels at Check 41
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Figure 4-57. Comparison of Check 41 Real-time and Grab Sample EC Levels, 1:1 Graph
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Figure 4-59. Monthly Variability in EC at Check 41
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Castaic Outlet — Castaic Lake is the terminus of the West Branch of the California Aqueduct.
Figure 4-60 presents the EC grab sample data for Castaic Outlet. The EC levels at Castaic Outlet
range from 395 to 632 puS/cm with a median of 494 puS/cm. There is much less variability in the
EC data in the lake compared to the Aqueduct.

e Comparison of Real-time and Grab Sample Data — Average daily EC, calculated from
hourly measurements, was downloaded from CDEC for this analysis. Figure 4-61 shows
there was good correspondence between the real-time and grab sample data, but not since
2008. Figure 4-62 compares the real-time and grab sample data on a 1:1 basis. Figure 4-
62 shows that when the 2011 to 2015 data is plotted 1:1, the R squared value is 0.5276
which is acceptable. Also, the two data sets are not statistically different (Mann-Whitney,
p=0.1719).

e Spatial Trends — Figure 4-63 compares Check 41 data to Castaic Outlet data. Because
samples are collected quarterly at Castaic Outlet and monthly at Check 41, only the
quarterly data are included in this analysis. The median EC level of 497 nS/cm at Castaic
Outlet is statistically significantly higher than the median EC of 455 uS/cm at Check 41
(Mann-Whitney, p=0.0001).

e Long-Term Trends — Figure 4-60 shows the same hydrology-based trend as seen at other
locations. EC increases during dry years and then decreases during wet years.

e Wet Year/Dry Year Comparison — The Castaic Outlet wet year median EC level of 492
puS/cm is not statistically significantly lower than the dry year median of 510 puS/cm
(Mann-Whitney, p=0.3878).

e Seasonal Trends — Due to the quarterly sampling, Figure 4-64 does not show any clear
seasonal trend.
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Figure 4-60. EC Levels at Castaic Outlet
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Figure 4-62. Comparison of Castaic Outlet Real-time and Grab Sample EC Levels, 1:1
Graph
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Figure 4-63. Comparison of EC Levels at Check 41 and Castaic Outlet (1998-2015)
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Figure 4-64. Monthly Variability in EC at Castaic Outlet

Devil Canyon — Devil Canyon Afterbay is downstream of Silverwood Lake on the East Branch
of the California Aqueduct. Figure 4-65 presents the EC grab sample data for Devil Canyon.
The EC levels at Devil Canyon range from 192 to 645 pS/cm with a median of 469 pS/cm.

Comparison of Real-time and Grab Sample Data — Average daily EC, calculated from
hourly measurements, was downloaded from CDEC for this analysis. Figure 4-66 shows
there is good correspondence between the real-time and grab sample data with the
exception of data collected in 2011 and 2012. In 2011 and 2012, the real-time data show
that peak EC levels are often higher than those captured by the grab sample data. Figure
4-67 compares the real-time and grab sample data on a 1:1 basis. Figure 4-67 shows that
when the 2011 to 2015 data is plotted 1:1, the R squared value is 0.9152 which is
acceptable. Also, the two data sets are not statistically different (Mann-Whitney, p =
0.3721).

Spatial Trends —Figure 4-68 compares Check 41 data to Devil Canyon data for the 1997
to 2015 period when data are available at both locations. The median EC level of 476
puS/cm at Devil Canyon is not statistically significantly different than the median EC of
465 uS/cm at Check 41(Mann-Whitney, p=0.2048).

Long-Term Trends — Figure 4-65 shows the same hydrology-based trend as seen at other
locations. EC increases during dry years and then decreases during wet years.
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e Wet Year/Dry Year Comparison — The Devil Canyon wet year median EC level of 381
uS/cm is statistically significantly lower than the dry year median of 498 uS/cm (Mann-
Whitney, p=0.0000).

e Seasonal Trends — Figure 4-69 shows the same bimodal seasonal pattern that exists in the
aqueduct, with concentrations increasing through the fall months to a peak in January,
followed by declining concentrations in the late winter and early spring, followed by a
secondary peak in May and June. EC levels are lowest in August and September about
one month later than at O’Neill Forebay Outlet.
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Figure 4-65. EC Levels at Devil Canyon
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Figure 4-67. Comparison of Devil Canyon Real-time and Grab Sample EC Levels, 1:1
Graph
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Figure 4-68. Comparison of Check 41 and Devil Canyon EC Levels
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Figure 4-69. Monthly Variability in EC at Devil Canyon
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SUMMARY

e The EC fingerprints indicate that the San Joaquin River, seawater intrusion, and Delta
agricultural drainage are the primary sources of EC at the south Delta pumping plants.
The San Joaquin River has a greater influence on EC at Jones than at Banks.

e The median EC at Hood and West Sacramento (159 uS/cm) are the same when data from
the same period of record (1994 to 2015) are compared. Hood is expected to be lower
than West Sacramento due to the inflow of the American River (median EC of 63
uS/cm). However, urban runoff and treated wastewater from the Sacramento urban area
are discharged to the river between West Sacramento and Hood. EC levels at Vernalis
(median of 638 pS/cm) are statistically significantly higher than the levels in the
Sacramento River.

e EC levels in the NBA are higher and more variable than at Hood but lower than the levels
at Banks. Elevated EC levels during the spring months are associated with base flows
from sodic soils in the upstream Barker Slough watershed.

e EC levels in the SBA are similar to Banks, with levels ranging from 116 to 894 puS/cm
and a median of 434 puS/cm. EC tends to increase in the fall months.

e Because different periods of record are available at sampling locations, it is difficult to
compare all of the location using the same time period. However, the majority of
locations can be compared using a common data set from 1997 to 2015. These are the
1997 to 2015 EC medians; Banks at 426 pS/cm, DV Check 7 at 434 puS/cm, McCabe at
479 uS/cm, O’Neill Forebay Outlet at 483 uS/cm, Check 21 at 493 puS/cm, Check 41 at
465 pS/cm, and Devil Canyon at 476 puS/cm. The 1997 to 2015 medians show an
increase in EC moving downstream; however none of the locations and its immediate
upstream location was statistically significant, except for Check 21 and Check 41. Check
41 was statistically significantly lower in EC than Check 21, most likely due to non-
Project inflows of lower EC water introduced between Check 21 and Check 41.

e EC levels at Castaic Outlet are less variable than the aqueduct locations, due to the
dampening effect of about 500,000 acre-feet of storage on the West Branch. The
dampening effect is not seen in Silverwood Lake on the East Branch due to its limited
hydraulic residence time.

e There are a number of real-time monitoring locations in the watersheds, along the
California Aqueduct, and in the reservoirs. There is good correspondence between the
grab sample and real-time EC data at most locations, with slight differences at Check
41and Castaic.

e Sampling conducted at Gianelli should be used to characterize water released from San
Luis Reservoir instead of Pacheco, due to new real-time water quality monitoring station
in the channel between San Luis Reservoir and O’Neill Forebay. Grab samples collected
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at Gianelli at times show more variability than the grab samples at Pacheco, so Pacheco
does not represent well the quality of water released from San Luis Reservoir.

e Time series graphs at each key location were visually inspected to determine if there are
any discernible trends. The only trends observed in the data are related to hydrology, with
EC increasing during dry years and decreasing during wet years. All of the dry year
medians increased from the 2011 WSS for all locations except for Hood, Vernalis, Banks
and Barker Slough. The dry year median for Hood and Banks remained the same,
compared to the 2011 WSS. The dry year median for Vernalis and Barker Slough
decreased slightly compared to the previous WSS.

e There were a number of locations where the maximum EC concentration over the entire
period of record occurred in either 2014 or 2015, the third and fourth consecutive years of
dry water years since 2012. For example:

o DV Check 7 maximum EC concentration of 894 puS/cm was measured in

February 2014.

o Pacheco maximum EC concentration of 681 pS/cm was measured in October
2015.

o O’Neill Forebay Outlet maximum EC concentration of 955 uS/cm was measured
in February 2014.

o Check 21 maximum EC concentration of 806 uS/cm was measured in October
2015.

o Check 41 maximum EC concentration of 722 puS/cm was measured in September
2015.

o Castaic Outlet maximum EC concentration of 632 uS/cm was measured in May
2015.

o Devil Canyon maximum EC concentration of 645 uS/cm was measured in
December 2015.

e EC levels during wet years are statistically significantly lower than EC levels during dry
years at all locations except Barker Slough and Castaic Outlet, as shown in Table 5-3.
The higher levels during dry years are due to less dilution of agricultural drainage, urban
runoff, and treated wastewater discharged to the rivers and Delta during low flow periods
and to seawater intrusion in the Delta during periods of low Delta outflow. Barker Slough
is influenced more by the local watershed than by differences in Delta conditions in
different year types. There is little variability in Castaic due to the dampening effects of
storage.

e There are distinct seasonal patterns in EC levels but they vary between locations. On the
Sacramento River, EC levels are lowest in the early summer, increase in the fall and then
decrease during the spring months. On the San Joaquin River, EC levels are lowest in the
spring during the VAMP flows, increase during the summer months due to agricultural
drainage discharges, continue to climb during the fall due to seawater intrusion, and
remain high until late winter or early spring when flow increases on the river. The
seasonal pattern at Banks is similar to the Sacramento River with the lowest levels in July
and the highest levels in December. The pattern seen at Banks is seen at most of the other
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locations except below San Luis Reservoir there is a bimodal seasonal pattern with a
secondary peak in EC during May and June. Large amounts of water are released from
the reservoir during these months, resulting in higher EC levels in the California
Aqueduct.

Table 4-3. Comparison of Dry Year and Wet Year EC Levels

Median EC (mg/L)
EC
Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood 167 146 21 13% D>W
Vernalis 726 414 312 43% D>W
Banks 497 305 192 39% D>W
Barker Slough 290 289 1 0% No
DV Check 7 504 307 197 39% D>W
McCabe 568 349 219 39% D>W
Pacheco 530 493 37 7% D>W
O'Neill Forebay
Outlet 544 381 163 30% D>W
Check 21 517 398 119 23% D>W
Check 41 491 354 137 28% D>W
Castaic Outlet 510 492 18 4% No
Devil Canyon 498 381 117 23% D>W
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CHAPTER 5 BROMIDE

WATER QUALITY CONCERN

Bromide is of concern to State Water Project (SWP) Contractors because it reacts with oxidants
used for disinfection in water treatment to form disinfection byproducts (DBPs). When chlorine
1s used as a disinfectant, bromide reacts with chlorine and TOC to form brominated
trihalomethanes (THMs) and haloacetic acids (HAASs). The Stage 1 Disinfectants and
Disinfection Byproduct (D/DBP) Rule limits the concentration of total trihalomethanes (TTHMs)
to 0.080 mg/L and HAAS to 0.060 mg/L as a running annual average in drinking water
distribution systems. The Stage 2 D/DBP Rule limits the concentration of TTHMs to 0.080 mg/L
and HAAS to 0.060 mg/L as a locational running annual average. Three of the four regulated
trihalomethanes, (i.e. bromodichloromethane, dibromochloromethane, and bromoform) contain
bromide and two of the regulated HAASs, monobromoacetic acid and dibromoacetic acid
contain bromide. Another DBP, bromate, is formed when bromide is present and ozone is used
for disinfection. The Stage 1 Maximum Contaminant Level (MCL) for bromate is 0.010 mg/L,
based on a 12-month running annual average and measured at the entrance to the distribution
system. Compliance with the Stage 1 and Stage 2 D/DBP Rules presents challenges for the SWP
Contractors whose source water contains both bromide and organic carbon.

WATER QUALITY EVALUATION
BROMIDE CONCENTRATIONS IN THE SWP

Bromide data are analyzed in this section to examine changes in bromide as the water travels
through the SWP system and to determine if there are seasonal or temporal trends. All available
bromide data from the Department of Water Resources (DWR’s) Municipal Water Quality
Investigations (MWQI) Program and the Division of Operations and Maintenance (O&M) SWP
monitoring program through December 2015 were obtained for a number of locations along the
SWP. Both grab samples and real-time data are included in this analysis. Data are presented in
summary form for all locations and analyzed in more detail for a number of key locations. Table
5-1 shows the period of record for data at each location that was evaluated.

The recent study period of 2011 through 2015 represented a significant drought period in
California. Generally, the new bromide data included in this assessment represented dry periods.
There were few changes to the statistics and trends for the wet period, but there were increases in
bromide throughout the system for the dry period.
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Table 5-1. Bromide Data

Location Grab Samples Real-time
Start Date | End Date | Start Date | End Date
West Sacramento Apr 1994 Dec 2015
American May 1990 Dec 2015
Hood Aug 1997 Dec 2015
Vernalis Jan 1990 Dec 2015 Jun 2006 Dec 2015
Banks Feb 1991 Dec 2015 May 2006 | Dec 2015
Barker Slough Feb 1990 Dec 2015
Cordelia Aug 2000 Aug 2014
DV Check 7 Dec 1997 Dec 2015
McCabe Dec 1997 Dec 2015
Pacheco Mar 2000 Dec 2015
O’Neill Forebay Outlet Aug 1990 Dec 2015
Check 21 Feb 1998 Dec 2015
Check 41 Dec 1997 Dec 2015
Castaic Outlet Nov 1998 Dec 2015
Silverwood Feb 1999 Dec 2015
Devil Canyon Afterbay* Dec 1997 Dec 2015

*Note: Data were collected from Dec 1997 to May 2001 at Devil Canyon Afterbay, then at Devil Canyon

Headworks from June 2001 to December 2010, and then at Devil Canyon Second Afterbay in early 2011. These
datasets have been combined.
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The SWP Watershed

Figure 5-1 presents all available bromide data for the tributaries to the Sacramento-San Joaquin
Delta (Delta) and the Harvey O. Banks Delta Pumping Plant (Banks). The American River is not
shown on this figure because with the exception of one sample, all measurements were below the
detection limit of 0.01 mg/L. Figure 5-1 clearly demonstrates that bromide concentrations in the
Sacramento River are quite low, with a median concentration of 0.01 mg/L at West Sacramento
and Hood. There is little variability in the bromide concentrations in the Sacramento River
because it is not substantially impacted by seawater intrusion at the two sites that are shown in
the figure. Due to the low levels of bromide in the Sacramento River, the data were not analyzed
to evaluate seasonal and spatial trends. The San Joaquin River at Vernalis (Vernalis) has the
highest median concentration in the watershed (0.24 mg/L).

Figure 5-1. Bromide Concentrations in the SWP Watershed
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Vernalis — Figure 5-2 shows all available grab sample bromide data at Vernalis. The levels
range over an order of magnitude from 0.02 to 0.65 mg/L during the period of record with a
median of 0.24 mg/L.

e Comparison of Real-time and Grab Sample Data — Figure 5-3 compares the real-time
data with the grab sample data at Vernalis. Bromide is measured hourly with the Dionex
analyzer. MWQI staff provided average daily concentrations calculated from the hourly
measurements for this analysis. There is generally a good correspondence between the
two data sets with the exception of the first year that the real-time equipment was
operating and in 2015, when the real-time samples were higher than the grab samples.
DWR conducted a thorough analysis of the anion analyzers at Banks and Vernalis and
concluded that they performed well (DWR, 2008).

e Spatial Trends — DWR does not collect data upstream of Vernalis on the San Joaquin
River.

e Long-Term Trends — Visual inspection of Figure 5-2 shows that there is no discernible
long-term trend in the data. Bromide concentrations increase during dry years and
decrease during wet years. Bromide data were first collected at Vernalis during the
drought years of the early 1990s when bromide levels were high.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
statistically significant differences between wet years and dry years. The median
concentration during dry years of 0.29 mg/L is statistically significantly higher than the
median during wet years of 0.15 mg/L (Mann-Whitney, p=0.0000). Figure 5-4 shows the
1:1 relationship between flow and bromide concentrations at Vernalis. This figure
indicates that bromide concentrations vary over a wide range at low flows but once flow
on the San Joaquin River exceeds 5,000 cubic feet per second (cfs), bromide
concentrations generally drop below 0.20 mg/L.

e Seasonal Trends — Figure 5-5 indicates that the lowest bromide concentrations occur
during April and May when flows on the San Joaquin River are high due to the Vernalis
Adaptive Management Plan (VAMP). Flows are increased on the San Joaquin River
between April 15 and May 15 of each year by releasing water from reservoirs on the
Merced, Stanislaus, and Tuolumne rivers. Combined exports at the Banks and Jones
pumping plants are reduced to 1,500 cfs. These actions that are taken to improve salmon
smolt survival also improve water quality. Concentrations increase during the summer
and fall months with the highest median concentrations of 0.33 mg/L in December and
0.36 mg/L in January. The primary source of bromide at Vernalis is agricultural irrigation
waters diverted from the Delta at Jones and returned to the river as drainage. During the
summer and fall months, there is minimal flow in the river to dilute the agricultural
drainage.
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Figure 5-2. Bromide Concentrations at Vernalis
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Figure 5-4. 1:1 Relationship Between Bromide and Flow at Vernalis
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Figure 5-5. Monthly Variability in Bromide at Vernalis
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Banks — The sources of bromide at Clifton Court and Banks are primarily the San Joaquin River
and seawater intrusion. Seawater contains about 68 mg/L of bromide (Riley and Chester);
therefore, during periods of significant seawater intrusion, substantial amounts of bromide are
mixed into the Delta. Figure 5-6 shows all available bromide data at Banks. The concentrations
range from 0.03 to 0.64 mg/L during the period of record, with a median of 0.23 mg/L.

e Comparison of Real-time and Grab Sample Data — Figure 5-7 compares the real-time
data with the grab sample data at Banks. Bromide is measured hourly with the Dionex
analyzer. MWQI staff provided average daily concentrations calculated from the hourly
measurements for this analysis. There is good correspondence between the data sets and
the real-time data show that peak bromide concentrations are higher than those captured
by the grab sample data.

e Spatial Trends — All available data from Hood, Vernalis, and Banks are presented in
Figure 5-1. It is obvious that the bromide concentrations at Hood are statistically
significantly lower than the bromide concentrations at Vernalis and Banks. The period of
record for Vernalis and Banks is the same (1990 to 2015). The median bromide
concentration at Banks (0.23 mg/L) is not statistically significantly lower than the median
of 0.24 mg/L at Vernalis (Mann-Whitney, p=0.980399). This is different than the
previous update, as Banks was statistically significantly lower than Vernalis. The 1990 to
2010 median for Banks was 0.19 mg/L, and the 1990 to 2015 median for Banks is 0.23
mg/L. Bromide levels are higher from 2012 to 2015 at Banks due to consecutive dry
years, which leads to greater seawater intrusion into the Delta due to lower flows into the
Sacramento and San Joaquin rivers.

e Long-Term Trends — Visual inspection of Figure 5-6 shows that there is no discernible
long-term trend in the data. Bromide concentrations increase during dry years and
decrease during wet years. Bromide data were first collected at Banks during the drought
years of the early 90s when bromide levels were high.

e Wet Year/Dry Year Comparison — The median concentration during wet years is 0.10
mg/L and the median concentration during dry years is 0.29 mg/L. Bromide
concentrations were statistically significantly higher during dry years than during wet
years (Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 5-8 indicates that the lowest bromide concentrations occur in
the spring. Concentrations increase throughout the summer and fall when flows are lower
on the Sacramento and San Joaquin rivers and seawater intrudes into the Delta.
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Figure 5-6. Bromide Concentrations at Banks
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Figure 5-8. Monthly Variability in Bromide at Banks
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North Bay Aqueduct

Chapter 2 contains a description of the North Bay Aqueduct (NBA). The sources of water are the
local Barker Slough watershed and the Sacramento River.

Project Operations

After the water is diverted from Barker Slough, the quality of water delivered to NBA users
should not be affected by any other factors since the NBA is an enclosed pipeline. Figure 5-9
shows average monthly diversions at Barker Slough for the 1998 to 2015 period and median
monthly bromide concentrations. This figure shows that pumping is highest between May and
November. The median bromide is 0.06 mg/L during May but it declines to 0.03 to 0.04 mg/L
during most of the summer and fall months.

Figure 5-9. Average Monthly Barker Slough Diversions and Median Bromide
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Bromide Concentrations in the NBA

Figure 5-10 shows all available bromide data at Barker Slough. The concentrations generally
range from 0.01 to 0.27 mg/L during the period of record with a median of 0.04 mg/L.

e Spatial Trends — Figure 5-11 shows that the NBA monitoring locations of Barker Slough
and Cordelia Forebay (Cordelia) have higher bromide concentrations than Hood,
indicating there is a source of bromide in the Barker Slough watershed. The median
concentration is 0.04 mg/L at both Barker Slough and Cordelia, whereas the median
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concentration at Hood is 0.01 mg/L. There were no 2015 samples collected at Cordelia
and only one sample collected in 2014.

e Long-Term Trends — Visual inspection of Figure 5-10 shows there is no discernible trend
in the data.

e Wet Year/Dry Year Comparison — The median concentration during both dry and wet
years is 0.04 mg/L indicating no difference between water year types.

e Seasonal Trends — There is a seasonal pattern of low concentrations during the fall and
winter months and peak concentrations in the spring, as shown in Figure 5-12. The
source of bromide during the spring months is likely due to groundwater or base flows
from the Barker Slough watershed (Personal Communication, Alex Rabidoux).

Figure 5-10. Bromide Concentrations at Barker Slough
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Figure 5-11. Comparison of Bromide at Hood, Barker Slough, and Cordelia

Figure 5-12. Monthly Variability in Bromide at Barker Slough
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South Bay Aqueduct

Chapter 2 contains a description of the South Bay Aqueduct (SBA). The Delta is the primary
source of water and Lake Del Valle is the secondary source.

Project Operations

The quality of water delivered to the SBA Contractors is governed by the timing of diversions
from Bethany Reservoir and releases from Lake Del Valle. Figure 5-13 shows average monthly
diversions at the South Bay Pumping Plant and releases from Lake Del Valle from the 1998 to
2015 time period. Monthly median bromide concentrations at Del Valle Check 7 (DV Check 7)
are also shown. This figure shows that median bromide concentrations are around 0.1 mg/L
during the April to July period of peak pumping into the SBA. The median concentrations
increase rapidly to 0.3 mg/L during the August to October period when pumping is high. Water
is released from Lake Del Valle primarily between September and November. The 1998 to 2015
median bromide concentration at the Lake Del Valle Conservation Outlet (Conservation Outlet)
is 0.04 mg/L, indicating the Del Valle releases decrease the bromide concentrations of water
delivered to SBA Contractors during the fall months.

Figure 5-13. Average Monthly Diversions at the South Bay Pumping Plant, Releases from
Lake Del Valle, and Median Bromide Concentrations
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Bromide Concentrations in the SBA

Figure 5-14 shows all available bromide data at DV Check 7. The concentrations range from
0.04 to 0.52 mg/L during the period of record with a median of 0.14 mg/L.

Spatial Trends — Figure 5-15 compares bromide concentrations at Banks and DV Check
7. The period of record is longer at Banks than at DV Check 7, so the 1997 to 2015 data
were evaluated. There is a statistically significant difference between the median
concentration of 0.16 mg/L at DV Check 7 and the median of 0.22 mg/L at Banks (Mann-
Whitney, p=0.0019). There was no significant difference between Banks and DV Check
7 in the previous WSS. The Santa Clara Terminal Reservoir was not included in the
analysis, as only nine samples were collected from 2011 to 2015, with five out of the nine
samples in 2011. There are no sources of bromide or other factors that could affect
bromide concentrations between Banks, Dyer Reservoir and DV Check 7.

Long-Term Trends — Figure 5-14 shows that there is no discernible long-term trend in
the data. Bromide concentrations increase during dry years and decrease during wet
years. As stated earlier for Banks, bromide levels are higher from 2012 to 2015 due to
consecutive dry years, which leads to greater seawater intrusion into the Delta due to
lower flows into the Sacramento and San Joaquin rivers.

Wet Year/Dry Year Comparison — The DV Check 7 median concentration of 0.23 mg/L
during dry years is significantly higher than the 0.11 mg/L median during wet years
(Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-16 shows there is a seasonal pattern of low concentrations
from February to August and then concentrations increase during the late summer and
fall months due to seawater intrusion in the Delta. This is similar to the pattern at Banks.
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Figure 5-14. Bromide Concentrations at DV Check 7
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Figure 5-16. Monthly Variability in Bromide at DV Check 7
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California Aqueduct and Delta-Mendota Canal

A number of SWP Contractors take water from the SWP between San Luis Reservoir and the
terminal reservoirs. This section is organized by various reaches of the SWP and individual SWP
Contractors taking water from each reach are described in the following sections.

Project Operations

The quality of water delivered to SWP Contractors south of San Luis Reservoir is governed by
the timing of diversions from the Delta at Banks, pumping into O’Neill Forebay from the Delta-
Mendota Canal (DMC), releases from San Luis Reservoir, inflows to the Governor Edmund G.
Brown California Aqueduct (California Aqueduct), and storage in terminal reservoirs.

Figure 5-17 shows average monthly diversions at the Banks Pumping Plant from 1998 to 2015
and median monthly bromide concentrations. As shown in Figure 5-17, the median bromide
concentrations are relatively low during the first half of the year, ranging from 0.14 to 0.20 mg/L
but then increase sharply from 0.14 mg/L in July to 0.36 mg/L in September when diversion
rates are higher. They remain high during the fall months when a substantial amount of water is
diverted at Banks.

Figure 5-18 shows the average monthly amount of water pumped from the DMC at O’Neill
Pump-Generation Plant into O’Neill Forebay and the median bromide concentrations in the
DMC at McCabe Road (McCabe). The median bromide concentrations show the same seasonal
pattern as at Banks, except for the months of January and February when bromide is higher at
McCabe by 0.08 to 0.09 mg/L. The pumping pattern at O’Neill is different from the pattern at
Banks. There is little pumping into O’Neill Forebay during the April to August period when
bromide concentrations are lowest. Most of the pumping occurs between September and March
when median bromide concentrations range from 0.19 to 0.35 mg/L. During the 1998 to 2015
period that data were available, the DMC contributed between 26 and 44 percent of the water
entering O’Neill Forebay with a median of 29 percent.
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Figure 5-17. Average Monthly Banks Diversions and Median Bromide Concentrations
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The operation of San Luis Reservoir impacts water quality in the California Aqueduct south of
the reservoir. Water from O’Neill Forebay is pumped into San Luis Reservoir at the William R.
Gianelli Pumping-Generating Plant (Gianelli) and water released from San Luis Reservoir flows
into O’Neill Forebay before entering the California Aqueduct. Water is also pumped out of San
Luis Reservoir on the western side at the Pacheco Pumping Plant (Pacheco) for SCVWD. In
2012, DWR installed a real-time water quality monitoring station in the channel between San
Luis Reservoir and O’Neill Forebay (Gianelli Real-Time). Real-time TOC, turbidity, EC and
bromide data are collected. Grab bromide samples were also taken from the channel
approximately weekly (Gianelli grab) from March 2012 to December 2015. Figure 5-19 shows
bromide data collected at Pacheco, Gianelli Grab and Gianelli Real-Time. The variation in the
Gianelli data is due to operations. When pumping occurs into San Luis Reservoir, the water
sample at Gianelli is O’Neill Forebay water. When releases occur from San Luis Reservoir, the
water sample at Gianelli is San Luis water. Grab samples collected at Gianelli at times show
more variability than the grab samples at Pacheco, so Pacheco does not represent well the quality
of water released from San Luis Reservoir. Figure 5-19 shows that the grab and real-time data
for bromide at Gianelli do not match consistently as sometimes the grab samples are lower than
the real-time data and sometimes higher than the real-time data. Due to the variability in the
Gianelli data, Pacheco data should not be used to represent the quality of water released from
San Luis Reservoir.

Figure 5-19. Comparison of Pacheco Grab Samples, Gianelli Grab Samples and Gianelli
Real Time Data for Bromide

1.2

Gianelli Real-Time

1 e=fil==Pacheco

Gianelli Grab

o
©

Bromide (mg/L)
o
o

©
~

0.2 1

Final Report 5-19 June 2017



California State Water Project
Watershed Sanitary Survey 2016 Update

Chapter 5
Bromide

Figure 5-20 shows the pattern of pumping into the reservoir and releases from the reservoir to
O’Neill Forebay from 1998 to 2015. The median bromide concentration at Banks represents the
quality of water pumped into the reservoir from the California Aqueduct and the median bromide
concentration at McCabe represents the quality of water pumped in from the DMC. Figure 5-20
shows there are the same two distinct periods for San Luis Reservoir with respect to bromide
concentrations as there were for EC levels (Figure 4-34):

e Fall and Winter Filling — The reservoir is filled from September to March when the
bromide concentrations in water entering the reservoir are high (0.16 to 0.36 mg/L at
Banks and 0.19 to 0.35 mg/L at McCabe).

e Spring and Summer Releases — Water is released during the April to August period when
median bromide levels at Gianelli range from 0.27 to 0.32 mg/L during years 2012 to
2015. Pacheco ranged from 0.22 to 0.24 mg/L from April to August. During the release
period, bromide concentrations are about twice as high as the concentrations entering
O’Neill Forebay from the California Aqueduct and the DMC. This indicates that releases
from the reservoir increase bromide concentrations in the aqueduct south of O’Neill
Forebay.

Figure 5-20. San Luis Reservoir Operations and Median Bromide Concentrations
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Bromide Concentrations in the DMC and SWP

Figure 5-21 presents a summary of all grab sample bromide data collected at each of the
locations along the DMC, California Aqueduct, and SWP reservoirs. There are varying periods
of record for each location so differences between locations may be due to the hydrologic
conditions under which the samples were collected. A subset of data collected during the same
time period (1999 to 2015) was analyzed for several locations along the aqueduct and for
McCabe on the DMC. Figure 5-22 presents these data. Spatial differences are examined in more
detail in the following sections.

Figure 5-21. Bromide Concentrations in the DMC and SWP
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Figure 5-22. Bromide Concentrations in the DMC and California Aqueduct (1999-2015)
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Delta-Mendota Canal — Grab sample bromide data have been collected at McCabe since
December 1997. There are no real-time data. Figure 5-23 indicates that there is considerable
variability in the data with bromide concentrations ranging from 0.01 to 0.54 mg/L with a
median of 0.21 mg/L.

Spatial Trends — Figure 5-22 compares the bromide data from McCabe to the bromide
data collected at Banks between 1999 and 2015. The median concentration of 0.22 mg/L
at McCabe is not statistically significantly higher than the median concentration of 0.23
mg/L at Banks (Mann-Whitney, p=0.3281). Although the San Joaquin River has a greater
influence on the DMC than it does on the aqueduct, both systems are subject to seawater
intrusion in the fall months. The EC fingerprints indicate that Banks is subject to more
seawater intrusion than is Jones.

Long-Term Trends — Figure 5-23 does not display any discernible long-term trend in
bromide concentrations at McCabe. Bromide levels are higher from 2012 to 2015 at
McCabe due to consecutive dry years, which leads to greater seawater intrusion into the
Delta due to lower flows into the Sacramento and San Joaquin rivers.

Wet Year/Dry Year Comparison — The McCabe median concentration of 0.27 mg/L
during dry years is statistically significantly higher than the median concentration of 0.12
mg/L during wet years (Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-24 shows there is a seasonal pattern of low concentrations
from March to August and then concentrations increase during the late summer and fall
months. This is similar to the pattern at Banks. Seawater intrusion in the fall months is
the primary factor contributing to the rising bromide concentrations.
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Figure 5-23. Bromide Concentrations at McCabe
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San Luis Reservoir — Grab sample bromide data have been collected at Pacheco since March
2000. A limited amount of daily bromide data is available at Pacheco. Figure 5-25 presents all of
the available grab sample bromide data for Pacheco. Grab sample and real-time data are
available at Gianelli from 2012 to 2015. The Gianelli data were presented previously and are not
discussed further due to the limited period of record. There is much less variability in bromide
concentrations in the reservoir than in the Aqueduct. The bromide concentrations at Pacheco
range from 0.14 to 0.39 mg/L with a median of 0.24 mg/L.

e Spatial Trends — Figure 5-26 shows the concentrations of bromide at Banks, Pacheco,
and O’Neill Forebay Outlet. A subset of the data that includes only data collected at the
three locations during the same time period (2000 to 2015) is shown in Figure 5-25. The
Pacheco bromide concentrations are less variable than the other two locations and were
statistically higher than Banks in the 2000 to 2010 time frame, but are not statistically
higher in the 2000 to 2015 time frame. As mentioned in earlier sections, the median
bromide level at Banks increased from 0.19 mg/L (1990 to 2010) to 0.23 mg/L (1990 to
2015). The Pacheco 2000 to 2015 median bromide level is 0.25 mg/L, and is statistically
significantly higher than the O’Neill Forebay Outlet median bromide level of 0.24 mg/L
(Mann Whitney, p=0.0420).The higher bromide concentrations in San Luis Reservoir are
likely due to a combination of evaporation in the reservoir and pumping of water into the
reservoir during periods when Delta bromide concentrations are high.

e Long-Term Trends — Figure 5-25 shows that bromide concentrations are increasing in
the reservoir. This is due to the fact that bromide data were first collected at Pacheco in
2000, which was the end of six wet years and bromide concentrations were low (about
0.20 mg/L). Eleven of the last fifteen years have been dry years and recent concentrations
have been between 0.30 and 0.40 mg/L. As stated earlier for Banks and McCabe,
bromide levels are increasing from 2012 to 2015 due to consecutive dry years, which
leads to greater seawater intrusion into the Delta due to lower flows into the Sacramento
and San Joaquin rivers.

e Wet Year/Dry Year Comparison — The median concentration of 0.26 mg/L during dry
years is statistically significantly higher than the median concentration of 0.23 mg/L
during wet years (Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 5-27 presents the monthly data for Pacheco, which illustrates
that there is a mild seasonal trend with increasing concentrations in the fall and early
winter months. The same trend of increasing bromide concentrations is found at Banks
and McCabe. Since water is pumped into San Luis Reservoir during the fall and winter
months the trend in the reservoir mimics the trend in the source waters, although the
changes in concentrations in the reservoir are smaller due to mixing with lower bromide
water in the reservoir.
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Figure 5-25. Bromide Concentrations at Pacheco
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Figure 5-26. Comparison of Bromide Concentrations at Pacheco to Banks and O’Neill
Forebay Outlet (2000-2015)
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Figure 5-27. Monthly Variability in Bromide Concentrations at Pacheco
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O’Neill Forebay Outlet — O’Neill Forebay Outlet on the California Aqueduct is a mixture of
water from San Luis Reservoir, the California Aqueduct, and the DMC. Grab sample data have
been collected at O’Neill Forebay Outlet on a regular basis since 1998. Figure 5-28 presents the
bromide grab sample data for O’Neill Forebay Outlet. The bromide concentrations at O’Neill
Forebay Outlet range from 0.04 to 0.56 mg/L. with a median of 0.23 mg/L.

Spatial Trends — Figure 5-22 compares the data collected between 1999 and 2015 at
O’Neill Forebay Outlet to a number of other locations along the aqueduct. The O’Neill
Forebay Outlet median concentration and the Banks median are the same at 0.23 mg/L. In
the previous update, bromide increased between Banks and O’Neill Forebay Outlet due
to storage in San Luis Reservoir and to mixing with water from the DMC in O’Neill
Forebay.

Long-Term Trends — Figure 5-28 shows that bromide concentrations are driven by the
hydrology of the system and no apparent long-term trends are evident. Bromide levels are
higher from 2012 to 2015 at O’Neill Forebay Outlet due to consecutive dry years, which
leads to greater seawater intrusion into the Delta due to lower flows into the Sacramento
and San Joaquin rivers, which has increased the concentrations at Banks.

Wet Year/Dry Year Comparison — The O’Neill Forebay Outlet dry year median bromide
concentration of 0.28 mg/L is statistically significantly higher than the wet year median
of 0.14 mg/L (Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-29 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in the fall. The
median bromide concentrations from January to March are similar to the concentrations
found at Banks. From April to July the concentrations at O’Neill Forebay Outlet range
from 0.13 to 0.22 mg/L and are higher than the concentrations at Banks (0.14 to 0.18
mg/L) because water is released from San Luis Reservoir that contains higher bromide
concentrations (0.23 to 0.24 mg/L). From August to November the concentrations at
O’Neill Forebay Outlet are lower than the concentrations at Banks. During these months
the water released from San Luis Reservoir has lower bromide concentrations than the
Delta.
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Figure 5-29. Monthly Variability in Bromide at O’Neill Forebay Outlet
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Check 21 — Check 21 represents the quality of water entering the Coastal Aqueduct. Grab sample
data have been collected at Check 21 since 1998. Figure 5-30 presents the bromide grab sample
data for Check 21. The bromide concentrations at Check 21 range from 0.05 to 0.48 mg/L with a
median of 0.23 mg/L.

Spatial Trends — Figure 5-22 compares the data collected between 1999 and 2015 at
Check 21 to a number of other locations along the aqueduct. Although there are flood and
groundwater inflows into the aqueduct between O’Neill Forebay Outlet and Check 21,
the median bromide concentration at Check 21 is the same as the median at O’Neill
Forebay Outlet and the variability in the data is similar.

Long-Term Trends — Figure 5-30 shows that bromide concentrations were lower during
the wet years of the late 1990s. Bromide levels are higher from 2012 to 2015 at Check 21
due to consecutive dry years, which leads to greater seawater intrusion into the Delta due
to lower flows into the Sacramento and San Joaquin rivers.

Wet Year/Dry Year Comparison — The Check 21 dry year median bromide concentration
of 0.28 mg/L is statistically significantly higher than the wet year median of 0.14 mg/L
(Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-31 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in the fall. There is a
secondary peak in bromide concentrations during May and June due to releases from San
Luis Reservoir. The seasonal pattern at Check 21 is similar to the pattern at O’Neill
Forebay Outlet.
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Figure 5-30. Bromide Concentrations at Check 21
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Figure 5-31. Monthly Variability in Bromide at Check 21

Final Report

5-31

June 2017



California State Water Project Chapter 5
Watershed Sanitary Survey 2016 Update Bromide

Check 41 — Check 41 is immediately upstream of the bifurcation of the aqueduct. Grab sample
data have been collected at Check 41 since December 1997. Figure 5-32 presents the bromide
grab sample data for Check 41. The bromide concentrations at Check 41 range from 0.01 to 0.47
mg/L with a median of 0.21 mg/L.

Spatial Trends — Figure 5-22 compares the data collected between 1999 and 2015 at
Check 41 to a number of other locations along the aqueduct. The Check 41 median
concentration of 0.21 mg/L is statistically significantly lower than the Check 21 median
of 0.23 mg/L (Mann-Whitney, p=0.0190). Large volumes of non-Project water enter the
aqueduct between Checks 21 and 41. The bromide levels of some inflows are lower than
the levels in the aqueduct and the levels of some inflows are higher than the aqueduct.
Figure 5-33 presents the data for Check 21 and Check 41 for the last ten years. Since
January 2014, bromide has been consistently lower at Check 41 than the levels at Check
21.

Long-Term Trends — Figure 5-32 shows that there is no apparent long-term trend.
Bromide concentrations at Check 41 fluctuate due to hydrology and to upstream inflows.

Wet Year/Dry Year Comparison — The Check 41 dry year median bromide concentration
of 0.23 mg/L is statistically significantly higher than the wet year median of 0.13 mg/L
(Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-34 shows there is a distinct seasonal pattern with the lowest
concentrations in the summer months and the highest concentrations in the fall. There is a
secondary peak in bromide concentrations during May and June due to releases from San
Luis Reservoir. This is the same pattern seen at Check 21; however, the monthly medians
are often 0.02 to 0.06 mg/L lower at Check 41 which may be attributed to introduction of
non-Project water between Checks 21 and 41.
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Figure 5-32. Bromide Concentrations at Check 41
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Figure 5-34. Monthly Variability in Bromide at Check 41
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Castaic Outlet — Castaic Lake is the terminus of the West Branch of the California Aqueduct.
Grab sample data have been collected at Castaic Outlet since 1998. Figure 5-35 presents the
bromide grab sample data for Castaic Outlet. The bromide concentrations range from 0.1 to 0.33
mg/L with a median of 0.22 mg/L. There is much less variability in the bromide data in the lake
compared to the aqueduct.

e Spatial Trends —The median bromide level of 0.21 mg/L at Check 41 was not statistically
significantly different from the median bromide level of 0.22 mg/L at Castaic Outlet
(Mann-Whitney, p=0.3650).

e Long-Term Trends — Figure 5-35 shows that bromide concentrations increase during dry
years and decrease during wet years.

e Wet Year/Dry Year Comparison — The Castaic Outlet dry year median bromide
concentration of 0.23 mg/L is statistically significantly higher than the wet year median
of 0.17 mg/L (Mann-Whitney, p=0.0000).

e Secasonal Trends — Figure 5-36 shows that there is little variability in bromide
concentrations throughout the year at Castaic Outlet.
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Figure 5-35. Bromide Concentrations at Castaic Outlet
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Figure 5-36. Monthly Variability in Bromide at Castaic Outlet
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Devil Canyon — Devil Canyon Afterbay is downstream of Silverwood Lake on the East Branch
of the California Aqueduct. Grab sample data have been collected at Devil Canyon since
December 1997. Figure 5-37 presents the bromide grab sample data for Devil Canyon. The
bromide concentrations range from 0.03 to 0.40 mg/L with a median of 0.19 mg/L.

e Spatial Trends —The median bromide concentration of 0.22 mg/L at Devil Canyon is not
statistically significantly different from the median of 0.21 mg/L at Check 41.

e Long-Term Trends — Figure 5-37 shows that there is no discernible long-term trend in
the data. Bromide concentrations increase during dry years and decrease during wet
years.

e Wet Year/Dry Year Comparison — The Devil Canyon dry year median bromide
concentration of 0.24 mg/L is statistically significantly higher than the wet year median
of 0.14 mg/L (Mann-Whitney, p=0.0000).

e Seasonal Trends — Figure 5-38 shows the same seasonal pattern as the upstream check
structures on the aqueduct. The limited storage on the East Branch does not have the
same effect of reducing the fluctuations in bromide concentrations that is seen on the
West Branch.
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Figure 5-37. Bromide Concentrations at Devil Canyon
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SUMMARY

e Bromide concentrations in the Sacramento River are low, often at or near the detection
limit of 0.01 mg/L. Bromide concentrations in the American River are non-detectable,
with the exception of one sample. Conversely, bromide concentrations are high in the San
Joaquin River (median of 0.24 mg/L).

e Bromide concentrations in the NBA are higher and more variable than at Hood but
substantially lower than the levels at Banks. The Barker Slough watershed is the source.
The median bromide concentration (0.04 mg/L) is the same at Barker Slough and
Cordelia.

e The median concentration of bromide at Banks (0.23 mg/L) is not statistically
significantly lower than the median of 0.24 mg/L at Vernalis. This is different than the
previous update, as Banks was statistically significantly lower than Vernalis. The 1990 to
2010 median for Banks was 0.19 mg/L, and the 1990 to 2015 median for Banks is 0.23
mg/L. Bromide levels are higher from 2012 to 2015 at Banks due to consecutive dry
years, which leads to greater seawater intrusion into the Delta due to lower flows into the
Sacramento and San Joaquin rivers.

e There was no significant difference between DV Check 7 and Banks in the last update.
The median bromide concentration Banks (0.22 mg/L) is now significantly higher than
the median bromide concentration at DV Check 7 (0.16 mg/L).

e There was a statistically significant increase in bromide between Banks (median of 0.18
mg/L) and San Luis Reservoir (median of 0.25 mg/L) in the last update; however, now
San Luis Reservoir (Pacheco) and Banks are the same at 0.25 mg/L.

e Bromide concentrations in the DMC at McCabe (median of 0.22 mg/L) and at O’Neill
Forebay Outlet are not statistically significantly different from Banks. There used to be
statistically significant increase in bromide concentrations between Banks and O’Neill
Forebay Outlet. In addition, bromide does not change statistically significantly between
O’Neill Forebay Outlet and Castaic Outlet and Devil Canyon. Bromide concentrations in
Castaic Lake are slightly less variable than the aqueduct locations; however, the
dampening effect is not seen in Silverwood Lake.

e Anion analyzers have measured bromide concentrations continuously at Banks and
Vernalis for over nine years. There is good correspondence between the grab sample and
real-time data at these two locations, with the exception of 2015 data at Vernalis. The
real-time data at Banks show that bromide concentrations are occasionally higher than the
levels measured in grab samples. The new real-time monitoring station at Gianelli does
not match consistently with grab samples.

e Sampling conducted at Gianelli should be used to characterize water released from San
Luis Reservoir instead of Pacheco, due to new real-time water quality monitoring station
in the channel between San Luis Reservoir and O’Neill Forebay. Grab samples collected
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at Gianelli at times show more variability than the grab samples at Pacheco, so Pacheco
does not represent well the quality of water released from San Luis Reservoir.

e Bromide concentrations are a function of the hydrology of the system. There are no
apparent long term trends at any of the other locations included in this analysis.

e Bromide concentrations during dry years are statistically significantly higher than
bromide concentrations during wet years at all locations except Barker Slough, as shown
in Table 5-2. There are no statistically significant differences between year types at this
location. The median bromide concentrations during dry years are 50 to 100 percent
higher than the median concentrations during wet years. This is due to seawater intrusion
in the Delta during periods of low Delta outflow. All of the dry year medians increased
from the 2011 WSS for all locations except for Hood, Vernalis, Barker Slough, Pacheco
and Castaic. The dry year median for Hood, Barker Slough, Pacheco and Castaic
remained the same, compared to the 2011 WSS. The dry year median for Vernalis
decreased slightly compared to the 2011 WSS.

e There are distinct seasonal patterns in bromide concentrations but they vary between
locations. At Barker Slough, bromide concentrations increase during the spring months
due to groundwater and subsurface flows from the Barker Slough watershed and then
decrease throughout the summer and fall months. On the San Joaquin River,
concentrations decrease throughout the winter and spring months to minimum levels in
May during the VAMP flows. The concentrations then increase throughout the summer,
fall, and early winter months. Concentrations are low at Banks from February through
July and then increase steadily throughout August, fall, and early winter months due to
the discharge of agricultural drainage and seawater intrusion. Downstream of San Luis
reservoir, bromide concentrations show the same pattern as Banks except there is a
secondary peak in May and June due to the release of large amounts of water from San
Luis Reservoir.
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Table 5-2. Comparison of Dry Year and Wet Year Bromide Concentrations

Median Bromide
(mg/L)
Bromide

Dry Wet Difference | Percent Statistical
Location Years Years (mg/L) Difference | Significance
Hood <0.01 <0.01 0 0% No
Vernalis 0.29 0.15 0.14 48% D>W
Banks 0.29 0.1 0.19 66% D>W
Barker Slough 0.04 0.04 0 0% No
DV Check 7 0.23 0.11 0.12 52% D>W
McCabe 0.27 0.12 0.15 56% D>W
Pacheco 0.26 0.23 0.03 12% D>W
O'Neill Forebay Outlet 0.28 0.14 0.14 50% D>W
Check 21 0.28 0.14 0.14 50% D>W
Check 41 0.23 0.13 0.1 43% D>W
Castaic Outlet 0.23 0.17 0.06 26% D>W
Devil Canyon 0.24 0.17 0.07 29% D>W
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CHAPTER 6 NUTRIENTS

WATER QUALITY CONCERN

Nutrients are required for the proper functioning of aquatic ecosystems but when they are present
in drinking water supplies at concentrations that exceed natural background levels, a number of
adverse impacts occur. When nutrients are readily available and other environmental conditions
favorable, algal growth can reach levels that cause taste and odor in drinking water, produce
algal toxins, add organic carbon, obstruct water conveyance facilities, clog filters and increase
the quantity and expense of handling solid waste from the treatment process. Excess algal growth
can result in anaerobic conditions in the hypolimnion of reservoirs when the algae decompose
and settle out of the water column. Algal toxins and taste and odor compounds will be discussed
further in Chapter 7. While ammonia concentrations are typically low in surface waters,
anaerobic conditions can lead to high levels.

The U.S. Environmental Protection Agency (USEPA) has established nitrogen and phosphorus
reference conditions for Ecoregion I, which includes California’s Central Valley. The reference
concentration for total nitrogen (total N) is 0.31 mg/L, and for total phosphorus (total P) it is
0.047 mg/L (USEPA, 2001). Temperate streams were classified by Dodds et al. (1998), as shown
in Table 6-1.

Table 6-1. Trophic Level Classification of Streams

Constituent OligotrophiF - Mesotroph.ic -
(mg/L) Mesotrophic Eutrophic
Boundary Boundary
Mean total N 0.700 1.500
Mean total P 0.025 0.075

The nutrient concentrations in the State Water Project (SWP) are discussed in this chapter and
compared to the reference conditions and the stream trophic level boundary conditions. The
impacts on algal blooms and taste and odor compounds are discussed in Chapter 7.

WATER QUALITY EVALUATION

Measurement of nutrient concentrations provides an indication of the potential for algal and
vascular plant growth in systems that are not limited by other factors, such as light availability or
adverse temperatures. Of the required nutrients, nitrogen and phosphorus are most important, but
potassium and silicon, in addition to small quantities of various other elements are also required.
Potassium is believed to be in sufficient supply in the aquatic environment of California that it
does not limit algal production. Silicon is required by diatoms for growth of their “frustules,” or
silicon outer bodies, but it is generally present in sufficient quantities to support diatom growth.
Nitrogen and phosphorus are, therefore, the subjects of this analysis.
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Nitrogen in the aquatic environment can be present in several biochemically inter-convertible
forms such as organic nitrogen, ammonia, nitrite, nitrate, and gaseous nitrogen. Although
gaseous (atmospheric) nitrogen is actually part of the biochemical cycle, its relationship to the
other nitrogen forms is complex. Nitrogen is discussed here as the summation of the forms for
which SWP waters are analyzed. Total nitrogen as used in this report does not include nitrogen
gas, but does include its other forms, nitrate, nitrite, ammonia, and organic nitrogen. Ammonia
and nitrate are the N forms that are available for algal growth. Both N and P occur in inorganic
and organic forms that are present in particulate (>0.45 pm) and dissolved fractions.

Phosphorus is present in both dissolved and particulate forms. Particulate phosphorus consists of
organic phosphorus incorporated in planktonic organisms, inorganic mineral phosphorus in
suspended sediments, and phosphate adsorbed to inorganic particles and colloids. The dissolved
forms include dissolved organic phosphorus, orthophosphate, and polyphosphates. Dissolved
orthophosphate is the only form that is readily available for algal and plant uptake; however total
P is a better indicator of the productivity of a system.

NUTRIENT CONCENTRATIONS IN THE SWP

Nutrient data used in this analysis were drawn from the Department of Water Resources (DWR)
Municipal Water Quality Investigation (MWQI) Program and from the Division of Operations
and Maintenance (O&M) water quality monitoring program. Unlike water quality constituents
such as salinity, nitrogen and phosphorus are not conservative in the environment, but change
forms as they are incorporated into living organisms and released back into the water at the end
of the organisms’ life cycles. As a consequence, examining trends can be somewhat more
complex than for conservative constituents. The nutrient data were analyzed to determine if there
are any changes in concentrations as water travels through the SWP system, and to identify
seasonal patterns and changes over time. However, total nutrient levels can be useful for
determining the trophic level classification of a waterbody (Table 6-1). Data are presented in
summary form for all locations and analyzed in more detail for a number of key locations. Table
6-2 shows the period of record for each location that was evaluated.

The SWP Watershed

Figure 6-1 presents the total N 2002 to 2015 data and Figure 6-2 presents the total P 2002 to
2015 data for the tributaries to the Sacramento-San Joaquin Delta (Delta) and the Harvey O.
Banks Delta Pumping Plant (Banks). Total N and total P concentrations are low at the American
River and the Sacramento River at West Sacramento (West Sacramento) sites. Although the
period of record is longer at Banks, all other sites began nutrient monitoring in November 2002,
so a subset of the Banks data was evaluated. There is a considerable increase in both nutrients at
the Sacramento River at Hood (Hood) compared to West Sacramento and American River sites;
however the Hood concentrations are much lower than those found in the San Joaquin River at
Vernalis (Vernalis). Both the total N and total P concentrations at Banks are slightly higher than
the Hood concentrations.
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Table 6-2. Total N and Total P Data

Total N Total P

Location Start End Start End

Date Date Date Date
West Sacramento Nov 2002 | Dec 2015 | Nov 2002 Dec 2015
American Nov 2002 | Dec 2015 | Nov 2002 Dec 2015
Hood Nov 2002 | Dec 2015 | Nov 2002 Dec 2015
Vernalis Nov 2002 | Dec 2015 | Nov 2002 Dec 2015
Banks Jan 1998 | Dec 2015 | Dec 1997 Dec 2015
Barker Slough Jan 1998 | Dec 2015 | Dec 1997 | Dec 2015
DV Check 7 Jan 1998 | Dec 2015 | Dec 1997 Dec 2015
McCabe Jul 2009 Dec 2015 Jul 2009 Dec 2015
Pacheco Mar 2000 | Dec 2015 | Mar 2000 Dec 2015
O’Neill Forebay Outlet Jun 2004 | Dec 2015 | Jun 2004 | Dec 2015
Check 21 Apr 2000 | Dec 2015 | Apr2000 | Dec 2015
Check 41 Jan 1998 | Dec 2015 | Dec 1997 Dec 2015
Castaic Outlet Jan 1998 | Dec 2015 | Dec 1997 Dec 2015
Check 66 Jan 1998 | Dec 2015 | Dec 1997 | Dec 2015
Silverwood Outlet Jan 1998 | Dec 2015 | Dec 1997 Dec 2015
Devil Canyon Afterbay* Jan 1998 | Dec 2015 | Dec 1997 | Dec 2015

*Note: Data were collected from Dec 1997 to May 2001 at Devil Canyon Afterbay, then at Devil Canyon

Headworks from June 2001 to December 2010, and then at Devil Canyon Second Afterbay in early 2011. These
datasets have been combined.
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Figure 6-1. Total N Concentrations in the SWP Watershed, 2002 to 2015

Figure 6-2. Total P Concentrations in the SWP Watershed, 2002 to 2015
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Table 6-3 presents the median concentrations of total N and total P and the resultant trophic
level classification based on the values shown in Table 6-1 from Dodds et al. (1998). Based on
this classification system, the American River is oligotrophic and the Sacramento River is
oligotrophic/mesotrophic at West Sacramento, upstream of the Sacramento urban area.
Downstream of the urban area, the Sacramento River is classified as mesotrophic/eutrophic at
Hood. The San Joaquin River is eutrophic, with median total N and total P concentrations
substantially higher than the boundary condition. Although Banks is not a stream, it is shown in
the table to indicate that the water pumped into the California Aqueduct is classified as
mesotrophic/eutrophic.

Table 6-3. Median Nutrient Concentrations and Stream Classifications

Location ?1?1?/11}7 P{I?IZILI)) Classification
West Sacramento 0.29 0.05 ¥g:2} I}:I__ﬁlelf(itrr:g}ﬁlcc
American 0.14 T N glliiggé’ttrrg;’lﬁf
o | oo | Ton N
Vernalis 1.9 014 |10 E_‘ﬁf{‘)’;ﬁf
Banks 0.84 0.10 %:j E:ﬁfﬁggﬁghic
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Hood — Figure 6-3 shows all available total N data and Figure 6-4 shows total P data at Hood.
Total N concentrations range from 0.04 to 1.82 mg/L with a median of 0.73 mg/L, and total P
concentrations range from 0.02 to 0.32 mg/L with a median of 0.08 mg/L.

Spatial Trends — Figures 6-1 and 6-2 present all available data for West Sacramento,
American, and Hood. The period of record is the same for all three stations (November
2002 to December 2015). Total N and total P are both very low at American, with median
concentrations of 0.14 mg/L for total N and 0.01 mg/L for total P. The median
concentrations at West Sacramento are 0.29 mg/L for total N and 0.05 mg/L for total P.
Concentrations increase considerably between West Sacramento and Hood, despite the
inflow of the high quality American River, due mainly to the discharge from the
Sacramento Regional Wastewater Treatment Plant. The median concentrations of total N
(0.73 mg/L) and total P (0.08 mg/L) at Hood are statistically significantly higher than the
median concentrations at West Sacramento (Mann-Whitney, p=0.0000)

Long-Term Trends — Figures 6-3 and 6-4 show an increase in N and P since 2012.

Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. The median total N concentration during dry
years of 0.81 mg/L is statistically significantly higher than the median of 0.57 mg/L during
wet years (Mann-Whitney, p=0.0000). The dry year median total P concentration of 0.09
mg/L is statistically significantly higher than the wet year median of 0.07 mg/L (Mann-
Whitney, p=0.0001). The higher total N and total P concentrations during dry years could
be due to the greater influence of the Sacramento Regional Wastewater Treatment Plant.
The plant discharges a relatively larger load of nitrogen than phosphorus to the river.

Seasonal Trends — Figures 6-5 and 6-6 show a clear seasonal pattern of higher
concentrations during the wet months of November to February and lower concentrations
from March to October. There is a secondary peak in total N during June. The higher
concentrations in the wet months are likely due to nutrients being flushed from the
watershed during storm events. The spring months may have lower nutrient concentrations
due to high quality water being released from reservoirs and the summer months have
lower concentrations due to biological uptake. The secondary peak in total N in June may
be due to the greater influence of the Sacramento Regional Wastewater Treatment Plant
during periods of low flows on the river.
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Figure 6-3. Total N Concentrations at Hood
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Figure 6-5. Monthly Variability in Total N at Hood

Figure 6-6. Monthly Variability in Total P at Hood
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Vernalis - Figures 6-7 and 6-8 present the total N and total P data at Vernalis. The total N
concentrations range from 0.28 to 3.9 mg/L with a median of 1.9 mg/L and the total P
concentrations range from 0.04 to 0.61 mg/L with a median of 0.14 mg/L. The median total N
concentration at Vernalis is more than twice the median concentration at Hood, whereas the total
P concentration is almost twice the concentration at Hood. These higher concentrations are a
reflection of the agricultural nature of the San Joaquin watershed.

Spatial Trends — DWR does not collect data upstream of Vernalis.

Long-Term Trends — Figures 6-7 and 6-8 does not show any discernible trend in total N or
total P concentrations during the last thirteen years. The maximum P concentration of 0.61
mg/L occurred in December 2014.

Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. The median total N concentration during dry
years of 2.0 mg/L is statistically significantly higher than the median of 1.5 mg/L during
wet years (Mann-Whitney, p=0.0000). The median total P concentration was 0.16 mg/L in
both dry and wet years.

Seasonal Trends — Figures 6-9 and 6-10 show a clear seasonal pattern of low
concentrations in April and May, followed by progressively increasing nutrient
concentrations during the summer months. The concentrations decrease slightly during the
fall and then increase again in the winter months. The low concentrations in the spring are
due to the release of high quality water from reservoirs to meet the Vernalis Adaptive
Management Plan (VAMP) flow requirements. Agricultural drainage is discharged to the
river during the summer months when flows on the San Joaquin River are low. The slight
decrease in concentrations during the fall months may be due to less agricultural drainage
entering the river during this time and the increase in the winter months is likely due to
storm events flushing nutrients from the watershed.
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Figure 6-7. Total N Concentrations at Vernalis
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Figure 6-8. Total P Concentrations at Vernalis
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Figure 6-9. Monthly Variability in Total N at Vernalis

Figure 6-10. Monthly Variability in Total P at Vernalis
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Banks — Figure 6-11 shows all available total N data and Figure 6-12 shows total P data at
Banks. The period of record is longer at Banks than at Vernalis and Hood. The total N
concentrations range from 0.15 to 2.5 mg/L with a median of 0.84 mg/L and the total P
concentrations range from 0.04 to 0.28 mg/L with a median of 0.10 mg/L.

Spatial Trends — As the period of record is longer at Banks than at Vernalis and Hood, a
subset of the Banks data was evaluated, from 2002 to 2015 (Figure 6-1 and 6-2). Although
the Sacramento River is the primary source of water diverted through Banks into the SWP
system, the total N concentration at Banks (median of 0.78 mg/L) is statistically
significantly higher than the median concentration of 0.73 mg/L at Hood (Mann-Whitney,
p=0.00207) although the difference is small. Previously (2002 to 2010), the Banks median
for total N was about 30 percent higher than the median at Hood. The Banks median for
total N (2002 to 2015) is about ten percent higher than Hood. The median total P
concentration of 0.10 mg/L is statistically significantly higher than the median
concentration of 0.08 mg/l at Hood (Mann-Whitney, p=0.0002) and the Banks data exhibit
the same variability as the Hood data. As discussed previously, the median total N
concentration at Vernalis is more than twice the median concentration at Hood whereas the
median total P is almost double. This may partially explain why the total N concentrations
at Banks increase more than the total P concentrations; however there are also in-Delta
sources of nutrients. Another complicating factor is that nutrients are not conservative
constituents.

Long-Term Trends — Figure 6-11 indicates that total N concentrations are slightly
declining in the last 5 years. Figure 6-12 indicates that total P concentrations are
increasing, particularly in 2014 and 2015.

Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. The median total N concentration during dry
years of 0.88 mg/L is not statistically significantly higher than the median of 0.77 mg/L
during wet years (Mann-Whitney, p=0.6563). The median total P concentration is 0.10
mg/L in both dry and wet years.

Seasonal Trends — Figures 6-13 and 6-14 show different seasonal patterns for total N and
total P at Banks. The total N pattern is similar to the pattern at Hood with high
concentrations during the winter months, declining concentrations in the spring and
summer and increasing concentrations during the fall months. The total P concentrations
are high in the winter months, decrease during April, but then increase again in May and
June before declining throughout the rest of the summer and fall. Total P and total N
concentrations are lowest in August (total P monthly median of 0.09 mg/L and total N
monthly median of 0.475 mg/L).
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Figure 6-13. Monthly Variability in Total N at Banks

Figure 6-14. Monthly Variability in Total P at Banks

Final Report 6-14 June 2017



California State Water Project Chapter 6
Watershed Sanitary Survey 2016 Update Nutrients

North Bay Aqueduct

Chapter 2 contains a description of the North Bay Aqueduct (NBA). The sources of water are the
local Barker Slough watershed and the Sacramento River.

Project Operations

After the water is diverted from Barker Slough, the quality of water delivered to NBA users
should not be affected by any other factors since the NBA is an enclosed pipeline. Figure 6-15
shows average monthly diversions at Barker Slough for the 1998 to 2015 period and median total
N concentrations and Figure 6-16 shows diversions and median total P concentrations. These
figures show that the period of highest diversions coincides with the lowest total N
concentrations, and total P concentrations decline steadily during the period of highest
diversions.
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Figure 6-15. Average Monthly Barker Slough Diversions
and Median Total N Concentrations
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Figure 6-16. Average Monthly Barker Slough Diversions
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Nutrient Concentrations in the NBA

Nutrient levels have been monitored at Barker Slough since 1997; however, total P is not
monitored at Cordelia and nitrate is the only nitrogen species monitored. Figure 6-17 shows all
available total N data and Figure 6-18 shows total P data at Barker Slough. The total N
concentrations range from 0.3 to 2.2 mg/LL with a median of 0.8 mg/LL and the total P
concentrations range from 0.05 to 1.21 mg/L with a median of 0.19 mg/L. The median nutrient
concentrations were calculated to compare to the trophic levels in Table 6-1. The median total N
concentration is 0.82 mg/L, placing Barker Slough in the mesotrophic level. The median total P
concentration is 0.19 mg/L, placing Barker Slough in the eutrophic level.

e Spatial Trends — Since nutrient data have been collected for a longer period at Barker
Slough than at Hood, a subset of the data were analyzed to compare medians from the
same time period (2002 to 2015). During this time period, the Barker Slough total N
median concentration of 0.80 mg/L is statistically significantly higher than the median of
0.73 mg/L at Hood (Mann-Whitney, p=0.0028). This represents about a 10 percent
increase over Hood. The Barker Slough total P median concentration of 0.2 mg/L is
statistically significantly higher than the Hood median of 0.08 mg/L (Mann-Whitney,
p=0.0000). This is about a 150 percent increase over Hood. The Sacramento River is the
primary source of water to Barker Slough, so it is evident that the local watershed
supplies some nitrogen and a substantial amount of phosphorus to the NBA. There is
extensive cattle grazing and farming throughout the watershed, and there is a golf course
in the upper part of the watershed; all potential sources of nutrients.

e Long-Term Trends — Figures 6-17 and 6-18 do not reveal any discernible trends in the
data collected in the last 18 years. The peak total P concentration of 1.21 mg/L occurred
on February 2014.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
differences between wet years and dry years. The median total N concentration during
dry years of 0.86 mg/L is statistically significantly higher than the median of 0.79 mg/L
during wet years (Mann-Whitney, p=0.0406). The dry year median total P concentration
of 0.19 mg/L is not statistically significantly different from the wet year median of 0.21
mg/L (Mann-Whitney, p=0.2590).

e Seasonal Trends — Figures 6-19 and 6-20 show a clear seasonal pattern of higher
concentrations during the winter months and lowest concentrations in the summer and
fall. This pattern also indicates that the nutrients are from the local watershed, and are
transported to Barker Slough during winter storm events.
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Figure 6-17. Total N Concentrations at Barker Slough
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Figure 6-18. Total P Concentrations at Barker Slough
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Figure 6-19. Monthly Variability in Total N at Barker Slough

Figure 6-20. Monthly Variability in Total P at Barker Slough
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South Bay Aqueduct

Chapter 2 contains a description of the South Bay Aqueduct (SBA). The Delta is the primary
source of water and Lake Del Valle is the secondary source.

Project Operations

The quality of water delivered to the SBA Contractors is governed by the timing of diversions
from Bethany Reservoir and releases from Lake Del Valle. Figures 6-21 and 6-22 show average
monthly diversions at the South Bay Pumping Plant and releases from Lake Del Valle for the
1998 to 2015 period. The median total N concentrations are shown in Figure 6-21 and the
median total P concentrations are shown in Figure 6-22. These graphs show that nitrogen and
phosphorus behave differently from each other in the system. The median total N concentrations
are relatively low, ranging from 0.5 to 0.9 mg/L during the period of maximum diversions to the
SBA. The median total P concentrations are highest in the May through July period (0.11 to 0.13
mg/L) and then decline for the next several months. The nutrient concentrations at the Lake Del
Valle Conservation Outlet (Conservation Outlet) are substantially lower than the concentrations
in the SBA. The 1998 to 2015 median total N concentration at the Conservation Outlet is 0.13
mg/L and the median total P concentration is 0.02 mg/L, indicating that releases from Lake Del
Valle in the fall months reduce the nutrient concentrations in the SBA downstream of the Del
Valle Branch Pipeline.
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Figure 6-21. Average Monthly Diversions at the South Bay Pumping Plant, Releases from

Lake Del Valle, and Median Total N Concentrations
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Figure 6-22. Average Monthly Diversions at the South Bay Pumping Plant, Releases from

Lake Del Valle, and Median Total P Concentrations
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Nutrient Concentrations in the SBA

Figures 6-23 and 6-24 present the total N and total P data for DV Check 7. Total N
concentrations range from 0.2 to 2.9 mg/L with a median of 0.82 mg/L. Total P concentrations
are an order of magnitude lower and range from 0.01 to 0.30 mg/L with a median of 0.10 mg/L.
The average nutrient concentrations were calculated to compare to the trophic levels in Table 6-
1. The median total N concentration is 0.82 mg/L, placing the SBA in the mesotrophic level. The
median total P concentration is 0.10 mg/L, placing the SBA in the eutrophic level.

e Spatial Trends — DV Check 7 data were compared to Banks data collected between 1998
and 2015 to determine if there are any statistically significant differences between the two
locations. The total N median of 0.82 mg/L at DV Check 7 is not statistically significantly
different from the median of 0.84 mg/L at Banks (Mann-Whitney, p=0.5216 and the total P
median at DV Check 7 is the same as the Banks median of 0.1 mg/L. This is expected due
to the short travel time in the SBA and because DV Check 7 is upstream of the releases
from Lake Del Valle.

e Long-Term Trends — Figure 6-23 indicates that total N concentrations are slightly
declining in the last 5 years. Figure 6-24 indicates that total P concentrations are slightly
increasing in the last 5 years. The nutrient plots at Banks (Figures 6-11 and 6-12) appear to
show the same trend.

e Wet Year/Dry Year Comparison — The data were analyzed to determine if there are
statistically significant differences between wet years and dry years. The median total N
concentration of 0.81 mg/L in dry years is not statistically significantly different from the
median concentration of 0.86 mg/L in wet years (Mann-Whitney, p=0.7138). Similarly, the
median total P concentration of 0.10 mg/L in dry years is not statistically significantly
different from the wet year median of 0.09 mg/L.

e Seasonal Trends — Figures 6-25 and 6-26 show that the trend in total N and total P at DV
Check 7 is the same as at Banks. The concentrations are high in the winter months, decline
in the spring and summer, and increase during the fall months. The total P concentrations
are high in the winter months, decrease during April, but then increase again in May and
June, likely due to the greater amount of San Joaquin River water pumped from the Delta

in these months. The total P concentrations then decline through the rest of the summer and
fall.
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Figure 6-23. Total N Concentrations at DV Check 7
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Figure 6-24. Total P Concentrations at DV Check 7
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Figure 6-25. Monthly Variability in Total N at DV Check 7

Figure 6-26. Monthly Variability in Total P at DV Check 7
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California Aqueduct and Delta-Mendota Canal

A number of SWP Contractors take water from the SWP between San Luis Reservoir and the
terminal reservoirs. This section is organized by various reaches of the SWP and individual SWP
contractors taking water from each reach are described in the following sections.

Project Operations

The quality of water delivered to SWP Contractors south of San Luis Reservoir is governed by
the timing of diversions from the Delta at Banks, pumping into O’Neill Forebay from the Delta-
Mendota Canal (DMC), releases from San Luis Reservoir, inflows to the Governor Edmund G.
Brown California Aqueduct (California Aqueduct), and storage in terminal reservoirs.

Figures 6-27 and 6-28 show average monthly diversions at the Banks Pumping Plant from 1998
to 2015 and median monthly total N and total P concentrations, respectively. These graphs show
that nitrogen and phosphorus behave differently in the system. The median total N
concentrations are relatively low (0.5 mg/L) during the peak summer diversion months but then
concentrations increase sharply during the fall months to reach a peak monthly median of 1.7
mg/L in February when diversions are still high. The peak median total P concentration of 1.2
mg/L occurs in the spring when diversions are low. During the summer months when diversions
are highest the median total P concentrations range from 0.09 to 1.0 mg/L.

During the 1998 to 2015 period that diversion data are available, the DMC contributed between
26 and 44 percent of the water entering O’Neill Forebay with a median of 29 percent.

Figure 6-27. Average Monthly Banks Diversions and Median Total N Concentrations
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Figure 6-28. Average Monthly Banks Diversions and Median Total P Concentrations
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The operation of San Luis Reservoir impacts water quality in the California Aqueduct south of
the reservoir. Figures 6-29 and 6-30 show the pattern of 1998 to 2015 pumping into the
reservoir, releases from the reservoir to O’Neill Forebay, and median nutrient concentrations.
The median nutrient concentrations at Banks represent the quality of water pumped into the
reservoir from the California Aqueduct and the median nutrient level at McCabe represents the
quality of water pumped in from the DMC. The nutrient levels at McCabe are higher than Banks
due to the heavier influence of the San Joaquin River in the DMC. Since data are not currently
available on the quality of water released to O’Neill Forebay from the William R. Gianelli
Pumping-Generating Plant (Gianelli), data from the Pacheco Pumping Plant (Pacheco) are used.
There are two distinct periods:

Total P (mg/L)

Average Monthly Diversions (acre-feet)

e Fall and Winter Filling — The reservoir is filled from September to March when the
median total N concentrations at Banks range from a low of 0.5 mg/L in September to 1.7
mg/L in February. The median total P ranges from 0.08 mg/L in October to 0.12 mg/L in
February. Figures 6-29 and 6-30 show that the highest nutrient concentrations occur
during the January to March period.

e Spring and Summer Releases — Water is released during the April to August period when
median total N concentrations at Pacheco are higher than the concentrations at Banks,
indicating that the releases are increasing the total N concentrations in the California
aqueduct downstream of San Luis Reservoir. Total P concentrations in the releases are
generally lower than the concentrations at Banks.
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Nutrient Concentrations in the DMC and SWP

Figures 6-31 and 6-32 present a summary of all total N and total P data collected at each of the
locations along the DMC, California Aqueduct, and SWP reservoirs. There are varying periods
of record for each location so differences between locations may be due to the hydrologic
conditions under which the samples were collected. Data have been collected at a number of
locations from 2004 to 2015. Figures 6-33 and 6-34 displays this subset of data from 2004 to
2015 that allows comparison between locations. Spatial differences are examined in more detail
in the following sections.

Final Report 6-27 June 2017



California State Water Project
Watershed Sanitary Survey 2016 Update

Chapter 6
Nutrients

Figure 6-29. San Luis Reservoir Operations and Median Total N Concentrations
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Figure 6-30. San Luis Reservoir Operations and Median Total P Concentrations
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Figure 6-31. Total N Concentrations in the DMC and SWP

Figure 6-32. Total P Concentrations in the DMC and SWP
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Figure 6-33. Total N Concentrations in the SWP (2004-2015)

Figure 6-34. Total P Concentrations in the SWP (2004-2015)
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Delta-Mendota Canal — Total N and total P data are available since July 2009 for the DMC at
McCabe so this only allows for limited analysis of the data. Figure 6-35 presents the total N data
and Figure 6-36 presents the total P data. The total N concentrations from 2009 to 2015 ranged
from 0.26 to 3.01 mg/L, with a median of 1.09 mg/L. The total P concentrations from 2009 to
2015 ranged from 0.05 mg/L to 0.3 mg/L. with a median of 0.11 mg/L. The median nutrient
concentrations were calculated to compare to the trophic levels in Table 6-1. The median total N
concentration is 1.09 mg/L, placing the McCabe in the mesotrophic level. The median total P
concentration is 0.11 mg/L, placing McCabe in the eutrophic level.

e Spatial Trends — The nutrient McCabe data was compared to data collected at Banks
between 2009 and 2015. The median total N concentration of 1.09 mg/L at McCabe is
statistically significant higher than the median concentration of 0.73 mg/L at Banks
(Mann-Whitney, p=0.0000). The median total P concentration of 0.11 mg/L at McCabe is
statistically significant higher than the median concentration of 0.09 mg/L at Banks
(Mann-Whitney, p=0.0000).

e Long-Term Trends — Figure 6-35 and 6-36 do not display any discernible trends in the
nutrient concentrations in the seven years that data have been collected.

e Seasonal Trends - Figures 6-37 and 6-38 show that the trend in total N and total P at
McCabe is similar to Banks. The concentrations are high in the winter months, decline in
the spring and summer, and increase during the fall months. The total P concentrations
are high in the winter months, decrease in May and June, and reach their lowest
concentration in August and September likely due to the greater amount of San Joaquin
River water pumped from the Delta in these months. The low concentrations in the spring
are due to the release of high quality water from reservoirs to meet the Vernalis Adaptive
Management Plan (VAMP) flow requirements. Agricultural drainage is discharged to the
river during the summer months when flows on the San Joaquin River are low. The slight
decrease in concentrations during the fall months may be due to less agricultural drainage
entering the river during this time and the increase in the winter months is likely due to
storm events flushing nutrients from the watershed.
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Figure 6-35. Total N Concentrations at McCabe
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Figure 6-37. Monthly Variability in Total N at McCabe

Figure 6-38. Monthly Variability in Total P at McCabe
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San Luis Reservoir — Figure 6-39 presents the total N data for Pacheco and Figure 6-40
presents the total P data. The total N concentrations at Pacheco range from 0.11 to 1.96 mg/L
with a median of 0.95 mg/L and the total P concentrations range from 0.01 to 0.38 mg/L with a
median of 0.09 mg/L. There is slightly less variability in the data than there is at Banks.

S