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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. Four previous
SWP watershed sanitary surveys were completed in 1990, 1996, 2001, and 2006, so the
contaminant sources and water quality issues have been well documented. The California State
Water Project Watershed Sanitary Survey, 2011 Update (2011 Update) focuses on evaluating the
sources of the water quality problems that the SWP Contractors face and recommending actions
that they can take to protect source water quality.

SYSTEM ENVIRONMENT

The System Environment chapter contains a discussion of drinking water regulations and source
water protection regulations. This chapter also contains a discussion of the potential water
quality implications of the biological opinion issued by the U. S. Fish and Wildlife Service
(USFWS) to protect delta smelt and the biological opinion issued by the National Marine
Fisheries Service (NMFS) to protect Chinook salmon, several other anadromous fish, and killer
whales. The various programs aimed at restoring the Sacramento-San Joaquin Delta (Delta)
ecosystem while enhancing water supply reliability are also discussed. Key findings and
recommendations from the System Environment chapter are presented in the following
paragraphs of this section.

DRINKING WATER REGULATIONS

The U.S. Environmental Protection Agency (USEPA) finalized a number of key drinking water
regulations in the last five years, including the Stage 2 Disinfectants and Disinfection Byproducts
Rule and the Long Term 2 Enhanced Surface Water Treatment Rule. Key federal regulations that
are being developed are:

e The Unregulated Contaminant Monitoring Rule 3 — This rule is scheduled to be finalized
in 2012,

e The USEPA Health Effects Assessments — Health effects assessments are being
completed for acrylamide, trichloroethylene, and tetrachloroethylene.

e USEPA Drinking Water Strategy — In February 2011, USEPA announced that it will
move forward with development of regulatory standards for a group of 16 carcinogenic
volatile organic compounds. The USEPA also announced that the second group of
contaminants to be addressed will be nitrosamine disinfection byproducts.
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e Perchlorate — In February 2011, USEPA announced that it will develop a regulation for
perchlorate under the Safe Drinking Water Act. A proposed rule is expected in early 2013
with a final rule by mid-2014.

Figure ES-1. The State Water Project
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In the last five years, the California Department of Public Health (CDPH) reduced the arsenic
MCL from 50 to 10 pg/L and the Office of Environmental Health Hazard Assessment (OEHHA)
published a chromium (V1) Public Health Goal (PHG). Key California regulations that are being
developed are:

e Perchlorate — OEHHA proposed a revised PHG of 1 pg/L in January 2011. OEHHA
published the results of an external peer review in November 2011 and is currently
developing a revised draft PHG for public review. OEHHA currently does not have a
schedule for issuing the final PHG.

e Chromium (VI) — OEHHA released the final PHG of 0.02 pg/L in July 2011. CDPH will
establish a Maximum Contaminant Level (MCL) in the next several years.

e Total Trihalomethanes (TTHM) — OEHHA issued a draft PHG of 0.8 pg/L for TTHM in
September 2010. OEHHA is in the process of establishing the final PHG but does not yet
have a schedule for completing the process.

SOURCE WATER PROTECTION REGULATIONS

Source water protection is a key component of the multi-barrier approach to protecting drinking
water quality. California has adopted many regulations to protect source water quality and there
are several source water protection regulations that are under development. Key regulations that
are being developed are:

e Industrial Stormwater General Permit — The State Water Resources Control Board (State
Water Board) has proposed changes to the Industrial Stormwater General Permit. The
State Water Board staff is responding to comments submitted in April 2011.

e Irrigated Lands Regulatory Program — The Central Valley Regional Water Quality
Control Board (Central Valley Regional Water Board) is developing a long-term
regulatory program to replace the interim program.

e Proposed Statewide Nutrient Policy — The State Water Board is developing a new
regulatory program for nutrients in inland surface waters.

e Total Maximum Daily Loads (TMDLs) — The Central Valley Regional Water Board is
currently developing mercury and DO TMDLs and a Central Valley TMDL for diazinon
and chlorpyrifos The board is planning to work on a Central Valley TMDL for pyrethroid
pesticides in the near future.

e Central Valley Salinity Alternatives for Long-Term Sustainability (CV-SALTS) — This is
a multi-year effort to address salt, boron, and nitrate in the Central Valley.
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e Central Valley Drinking Water Policy — This is a multi-year effort to develop a policy to
protect source water quality for key drinking water constituents. The Drinking Water
Policy is currently under development and will be considered by the Central Valley
Regional Water Board in July 2013.

BIOLOGICAL OPINIONS

USFWS is required to issue biological opinions on projects that have the potential to impact
federally listed threatened and endangered species. Similarly, NMFS is required to issue
biological opinions on projects that have the potential to impact federally listed marine and
anadromous fish species. Biological opinions have been issued for delta smelt by the USFWS
and for winter-run and spring-run Chinook salmon, steelhead, green sturgeon, and killer whales
by NMFS. The biological opinions were challenged by the State Water Contractors and other
water organizations and were revised and challenged again. Both USFWS and NMFS are
currently revising the biological opinions.

POLICY SETTING

In the last five years, there have been numerous activities and programs aimed at restoring the
Bay-Delta ecosystem and improving water supply reliability. The key ongoing activities that
address water quality or could impact water quality in the Delta are:

e The Delta Stewardship Council’s Delta Plan — The Delta Plan is scheduled for adoption
in the fall of 2012.

e The Delta Conservancy’s Strategic Plan — The Strategic Plan is scheduled for completion
by early 2013.

e The Bay Delta Conservation Plan (BDCP) — A public review draft BDCP is expected to
be completed by September 2012. Following a public review period, a final BDCP will
be prepared. The impacts of the plan on environmental and drinking water quality will be
evaluated in the Environmental Impact Report/Environmental Impact Statement
(EIR/EIS) which is on the same schedule as the BDCP.

e USEPA Advanced Notice of Proposed Rulemaking (ANPR) — USEPA Region 9 issued
an ANPR on February 10, 2011. This ANPR initiates an assessment of the effectiveness
of current programs designed to protect ecosystem water quality and aquatic species
habitat in the Bay Delta Estuary. USEPA expects to release a synthesis report in the
spring of 2012 and then determine if new regulations are needed.

e San Joaquin River Restoration Program — The effort to restore the San Joaquin River
involves restoring flows to about 60 miles of dry river bed and significant improvements
to channels, levees, and fish passages. There have not been any studies done on the
impact of the increased flows on water quality in the San Joaquin River and at the Delta
pumping plants.
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e Delta Wetlands Project — The Delta Wetlands Project involves creating storage reservoirs
on Webb Tract and Bacon Island and creating wetlands and wildlife habitat on Bouldin
Island and Holland Tract in the central Delta. The Final EIR on the project was certified
in September 2011. Delta Wetlands Properties is currently pursuing a water right permit
with the State Water Board.

WATER QUALITY IN THE WATERSHEDS AND THE STATE WATER PROJECT

Ten 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 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; and high levels of total dissolved solids that create
challenges with blending, groundwater recharge, and wastewater recycling. The water quality
chapters are organized as follows:

Chapter 3 — Water Quality Background and Summary
Chapter 4 — Organic Carbon

Chapter 5 — Salinity

Chapter 6 — Bromide

Chapter 7 — Nutrients

Chapter 8 — Taste and Odor Incidents and Algal Toxins
Chapter 9 — Turbidity

Chapter 10 — Pathogens

Chapter 11 — Organic Chemicals and Trace Elements
Chapter 12 — Constituents of Emerging Concern

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.

WATER QUALITY TRENDS

All available water quality data at a number of locations in the watersheds, the Delta, and along
the SWP facilities were evaluated for the 2011 Update. The organic carbon, salinity, bromide,
nutrient, and turbidity data were evaluated to determine if there are long-term trends, spatial
trends, and differences between wet and dry years.
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Long-term Trends

There are no apparent long-term trends in the water quality data at any of the locations evaluated
for this project. In 2009, MWQI staff conducted a long-term trend analysis for the Sacramento
River at Hood (Hood), the San Joaquin River at Vernalis (Vernalis), and the Harvey O. Banks
Delta Pumping Plant (Banks). Trends were analyzed for the entire period of record through 2008
at each location and for the 1999 to 2008 period. Different results were obtained for the different
periods of time. For example, the analysis showed a declining trend in dissolved organic carbon
(DOC) at all three locations during the longer period and an increasing trend at Hood and
Vernalis and no trend at Banks during the more recent period. This analysis showed that trends
are very much a function of the hydrology of the system during the starting and ending points of
the analysis. Another total organic carbon (TOC) trend analysis conducted at Banks between
1990 and 2003 by O&M staff reached the same conclusion. O&M staff 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. Visual inspection
of time series graphs for a number of other constituents and locations also shows that water
quality trends can be explained by evaluating the hydrologic conditions at the start and end of the
trend analysis period.

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.

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.
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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. This topic is addressed in Chapter 14.

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.

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.

This analysis included an evaluation of all of the data at each monitoring location. The data
collected during comparable periods of time at all locations were analyzed to draw conclusions
about spatial trends. 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:

Median TOC concentrations do not change as water flows from the Delta through the
SBA and the California Aqueduct when data collected during comparable periods of time
are aggregated and analyzed. The median TOC concentrations along the aqueduct range
from 3.0 to 3.2 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. When examined on a finer time scale, differences in TOC occur
between O’Neill Forebay Outlet and Check 21. The peak concentrations of TOC at
Check 21 occurred approximately one month later than at O’Neill Forebay Outlet in
2008, 2009, and 2010 and the peak concentrations were about 1 mg/L lower at Check 21.
The shift in the timing of the peak is likely due to low flows in the aqueduct during this
period. The lower TOC concentrations at Check 21 compared to O’Neill Forebay Outlet
during the 2007 to 2010 period are inexplicable. A small amount of groundwater (12,581
acre-feet) was pumped into this reach of the aqueduct by Westlands Water District
(Westlands) in the summer of 2008, but that does not explain the differences during the
spring of 2008, 2009, and 2010. Changes in TOC concentrations are apparent in the
aqueduct during periods when non-Project inflows are introduced between Checks 21 and
41.

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.
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Changes to electrical conductivity (EC) in the California Aqueduct and SWP reservoirs
are complex. There is a statistically significant increase of 63 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 16 uS/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 57 uS/cm higher than at Check 41 but there is no
significant change between Check 41 and Devil Canyon Afterbay (Devil Canyon).

There is a statistically significant increase in bromide concentrations between Banks
(median of 0.18 mg/L) and O’Neill Forebay Outlet (median of 0.22 mg/L) due to the
release of water from San Luis Reservoir that has high bromide concentrations (median
of 0.25 mg/L). Bromide does not change significantly between O’Neill Forebay Outlet
and Check 21. The median bromide concentration of 0.21 mg/L at Check 41 is not
statistically different from the median bromide concentration of 0.22 mg/L at Check 21.
However, during periods when non-Project inflows are introduced to the aqueduct, the
bromide concentrations at Check 41 are lower than the concentrations at Check 21. The
median bromide concentration at Castaic Outlet of 0.21 mg/L is the same as at Check 41.
The median bromide concentration at Devil Canyon of 0.19 mg/L is not statistically
different from the median bromide concentration of 0.21 mg/L at Check 41.

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
1t02 NTU.

Nutrient concentrations do not change as water flows from the Delta through the SBA
and the California Aqueduct. Median total nitrogen (total N) concentrations are about 1.0
mg/L and median total phosphorus (total P) concentrations are about 0.1 mg/L
throughout the system. Nutrient concentrations are substantially lower in Castaic Lake
and Lake Perris.

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.

There are no statistically significant differences between median TOC concentrations in
dry years and wet years at many of the locations along the aqueduct.
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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. At several locations, including San
Luis Reservoir and Castaic Lake, there was no significant difference between dry and 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
between dry and wet years. At Hood and Vernalis, total P concentrations are not
statistically different between dry years and wet years but total N concentrations are
statistically significantly higher during dry years. This may be due to the greater
influence of the Sacramento Regional Wastewater Treatment Plant at Hood and to
agricultural drainage at Vernalis. At Pacheco Pumping Plant in San Luis Reservoir
(Pacheco), both total N and total P are 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.
The pattern at Castaic Lake is different with both total N and total P being statistically
significantly higher in dry years. Check 41 and Devil Canyon show the same pattern of
higher total N concentrations in dry years and lower total P concentrations in dry years.
This may be related to non-Project inflows that occur more frequently in dry years.

e 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
Pacheco, Check 41, Castaic, 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.
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TASTE AND ODOR INCIDENTS AND ALGAL TOXINS

Monitoring of 2-methylisoborneol (MIB) and geosmin, the two compounds most often
responsible for taste and odor (T&O) problems, was initiated at a number of locations in the
SWP between 2001 and 2005. Monitoring was initiated for 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.

The NBA Contractors experienced a severe T&O episode in February 2009 that resulted
in numerous customer complaints when geosmin concentrations quickly increased to over
300 ng/L. The likely T&O producer was Aphanizomenon gracile. The NBA had to be
shut down for over six weeks, resulting in a significant loss of Delta water for the NBA
Contractors. The Solano County Water Agency works with DWR to monitor T&O
compounds and to periodically treat Campbell Lake, a small impoundment upstream of
the Barker Slough Pumping Plant. The combination of monitoring to detect problems and
treatments has been effective since the NBA users have had no further customer
complaints.

Problematic levels of MIB and geosmin occur in the Delta, along the California
Agueduct, and in southern California reservoirs. MIB and geosmin peaks in excess of 10
ng/L have occurred at Clifton Court Forebay (Clifton Court) every summer since
monitoring was initiated in 2003. Geosmin concentrations have exceeded 10 ng/L every
year and MIB concentrations have exceeded 10 ng/L in five of the ten years that
monitoring has been conducted at Banks.

The peak levels of MIB and geosmin at Banks are quickly transported to the SBA. MIB
and geosmin concentrations at DV Check 7 exceeded 10 ng/L every summer between
2003 and 2007 and again in 2010. MIB from the Delta is transported down the California
Aqueduct to O’Neill Forebay Outlet but the concentrations decrease with distance down
the aqueduct. Castaic Lake has extremely high levels of geosmin every summer (up to
830 ng/L) and occasional MIB peaks greater than 10 ng/L. Silverwood Lake has peaks of
both compounds that exceed 10 ng/L but do not reach the high levels found in Castaic
Lake.

DWR has monitored Microcystis aeruginosa blooms for their ecological consequences for a
number of years. Monitoring for microcystins in drinking water supplies started in 2006.

M. aeruginosa blooms have occurred routinely in the summer months in the Delta since
1999. While blooms are found throughout the Delta, the highest cell densities are
routinely found in the south Delta in the Old River and the Middle River.

DWR conducted cyanotoxin monitoring at various locations in the SWP for four years. In
2007, microcystin-LR was detected at all locations that were monitored, except Barker
Slough. It was below the reportable limit of 1 pg/L.
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PATHOGENS

All SWP Contractors have completed their Long Term 2 Enhanced Surface Water Treatment
Rule monitoring and all have been classified in Bin 1, meaning Cryptosporidium levels are low
(running annual average of less than 0.075 oocysts/L), so no additional action related to
Cryptosporidium is required at this time. An evaluation of the total coliform, fecal coliform, and
E. coli data indicates that 2-log Cryptosporidium, 3-log Giardia, and 4-log virus removal and
inactivation is the appropriate level of treatment for all SWP Contractors.

There were limitations in conducting statistical analysis of the coliform data at some sampling
locations due to peak values being reported as greater than an upper limit, rather than being
enumerated. This is due to insufficient dilution of the samples.

CONSTITUENTS OF EMERGING CONCERN

Studies on the occurrence, fate, and transport; health effects; analytical methods; and removal of
constituents of emerging concern (CECs) in drinking water and wastewater have been completed
in the last five years. The five most frequently detected chemicals in surface water in a recent
nationwide study were cholesterol, metolachlor, cotinine, B-sitosterol, and 1,7-dimethylxanthine.
Another study showed the five most frequently detected chemicals in surface waters were
sulfamethoxazole, carbamazepine, atrazine, phenytoin, and meprobamate.

In 2010, the National Water Research Institute (NWRI), Metropolitan Water District of Southern
California (MWDSC), and Orange County Water District completed a source, fate, and transport
study of endocrine disrupting compounds (EDCs) and pharmaceuticals and personal care
products (PPCPs) that included eleven sampling sites associated with the SWP. Of the 49 PPCPs
and organic wastewater contaminants analyzed, 21 analytes were detected at or above the
minimum reporting level, whereas the other 28 were not detected at any of the locations with the
existing minimum reporting levels. The six most frequently detected CECs were carbamazepine,
diuron, sulfamethoxazole, caffeine, primidone, and tris (2-chloroethyl) phosphate (TCEP). The
highest concentrations of many of the most frequently detected compounds were found in
samples from the San Joaquin River at Holt Road, just downstream of the Stockton Regional
Wastewater Control Facility. Certain PPCPs (carbamazepine, primidone, gemfibrozil, and
sulfamethoxazole) are highly attenuated as water moves downstream along the California
Agueduct. However, detectable levels of some PPCPs were found at terminal reservoirs in
southern California. The NWRI study concluded there is no evidence of human health risk from
low levels of the commonly detected EDCs and PPCPs in drinking water or drinking water
supplies; however, more toxicological studies are needed.

MWDSC and DWR completed a two-year study in April 2010 of the sources and occurrence of
N-nitrosodimethylamine (NDMA), other nitrosamines, and their precursors in the Delta. The
only instantaneous nitrosamine detected was NDMA, once at the Mossdale sampling location at
4.2 ng/L, and once at the Vernalis sampling location at 2.5 ng/L. NDMA formation potential
concentrations were generally two to four times higher downstream of the Stockton and
Sacramento wastewater treatment plants. The second phase of this study began in early 2011.

Final Report ES-11 June 2012



California State Water Project
Watershed Sanitary Survey 2011 Update Executive Summary

The State Water Board convened a CEC Science Advisory Panel to develop guidance for the
establishment of monitoring programs to assess potential CEC threats from water recycling
activities. The final report identified four indicator compounds based on their toxicological
relevance for groundwater recharge projects: NDMA, 17 beta-estradiol, caffeine, and triclosan.
Four additional CECs were identified as viable performance indicators (N,N-Diethyl-meta-
toluamide (DEET), gemfibrozil, iopromide, and sucralose).

KEY WATER QUALITY VULNERABILITIES OF THE SACRAMENTO-SAN
JOAQUIN DELTA

Chapter 13 contains a discussion of the key water quality vulnerabilities of the Delta. The key
vulnerabilities and contaminant sources throughout the watershed have been documented in
previous updates. The CDPH, SWP Contractors, and DWR identified the Delta vulnerabilities to
be addressed in the 2011 Update. The key findings for each of the specific topics discussed in
Chapter 13 are presented in the following paragraphs of this section.

WASTEWATER TREATMENT PLANTS

There are 12 wastewater treatment plants that discharge directly to the Delta and many others
that discharge to tributaries of the Delta. Wastewater treatment plants in the SWP watershed
currently discharge 346 million gallons per day (mgd) based on average dry weather flow. The
current average dry weather flow design capacity of wastewater treatment plants in the Central
Valley is 560 mgd, indicating that wastewater agencies are planning for growth and increased
volumes of wastewater.

The DWR Modeling Section has recently developed a fingerprint that includes wastewater
volumes from three of the largest treatment plants that discharge to the Delta. These three
wastewater plants represent 82 percent of the wastewater volume discharged to the Delta so the
fingerprints are a good estimation of the overall percent of wastewater at Delta pumping plants.
The wastewater contribution at Clifton Court and the C.W. “Bill” Jones Pumping Plant (Jones)
ranges from zero to about three percent.

Regulatory management of wastewater dischargers has increased significantly through
implementation of more stringent National Pollutant Discharge Elimination System (NPDES)
permit effluent limits and special study requirements. Most wastewater dischargers have
upgraded to tertiary treatment and several other facilities are required to upgrade within the next
ten years.

There are limited data on the concentrations of key drinking water constituents in wastewater
effluent because NPDES monitoring programs do not include many of the key drinking water
constituents.

There were few spill events at the wastewater treatment plants, but numerous collection system
failures resulted in discharges to receiving waters. Most were related to sewer line blockage or
failure.
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URBAN RUNOFF

Urban runoff from Sacramento, Stockton, eastern Contra Costa County, and a number of small
communities is discharged to the Delta. A number of other communities discharge urban runoff
to Delta tributaries.

Urban runoff in the Central Valley and Delta is regulated by the Central Valley Regional Water
Board through Municipal Separate Storm Sewer System NPDES permits. These permits require
large (greater than 250,000 population) and medium (100,000 to 250,000 population)
municipalities (designated as Phase | permittees) to develop stormwater management plans and
conduct monitoring of stormwater discharges and receiving waters. Small communities (less than
100,000 population) are Phase Il permittees. They are required to develop management plans but
historically did not have to conduct monitoring. Monitoring may be required when the new
Phase Il permit is issued later this year. The permits require the communities to implement best
management practices (BMPs) and conduct special studies. The permits for the larger Phase I
permittees require low impact development for new development, which involves designing and
maintaining facilities to manage urban runoff onsite to maintain runoff volumes at pre-
development levels.

Urban runoff levels of bacteria, nutrients, and organic carbon are much higher than the receiving
waters. Generally, these constituents are seen at higher levels during wet weather events.

The stormwater permits do not contain effluent limitations for specific water quality constituents
but do require municipalities to reduce urban runoff pollution to the maximum extent practicable
through implementation of BMPs. There are limited data on the effectiveness of BMPs in
reducing drinking water constituents of concern, such as organic carbon, nutrients, and
pathogens. Based on the limited studies that have been conducted, retention and detention ponds
seem most effective at reducing drinking water constituents of concern. Data from a new
retention basin in Sacramento support this finding.

DELTA LAND CONVERSIONS

There are a number of habitat restoration projects that are underway or being planned in the
Delta. Conversion of agricultural lands to tidal marsh is called for by the Ecosystem Restoration
Program’s Conservation Strategy for Sacramento-San Joaquin Delta Ecological Management
Zone and by the BDCP. Other ecosystem restoration projects may occur through the
Sacramento-San Joaquin Delta Conservancy, and the Delta Wetlands project (discussed in
Chapter 2). DWR currently has three habitat restoration projects underway.

There is consensus that DOC production will increase as a result of converting agricultural land
into tidal wetlands. Recent studies have also shown that an expansion of wetlands has the
potential for raising Delta dissolved organic matter concentrations in spring and early summer.
Therefore, restoration may shift the overall DOC peak towards spring and summer, later than the
current winter peak. This temporal shift in DOC loading may affect the overall loading to
drinking water since more water is typically pumped during the spring and summer than during
the winter.
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Conversion of the Delta’s traditional cultivated fields to managed wetlands or rice crops shows
potential for stopping and reversing the effects of subsidence as well as potentially serving as a
means of carbon sequestration. DWR and the U.S. Geological Survey (USGS) are jointly
working on two major types of pilot projects on Delta islands to assess their effectiveness for
subsidence reversal and carbon sequestration. These projects are part of the DWR Interim Delta
Actions to continue incremental improvements in the Delta until a long-term solution is in place.
These projects include managed wetlands and rice cultivation, both of which include flooding
Delta islands.

Studies conducted to date indicate that there is great opportunity for subsidence reversal and
carbon capture through wetlands and rice cultivation in the Delta. It is still uncertain if
widespread implementation of these projects will occur in the Delta. The studies have included
evaluation of the potential impacts to receiving waters, in particular the contribution of DOC.
Wetlands and rice cultivation have been shown to both contribute elevated amounts of DOC in
the drainages, particularly in the seepage flows through shallow groundwater. The highest
loading of DOC from both wetlands and rice occurred during the summer months. Additional
studies on the managed wetlands and rice crops will further examine the amount, extent, and
potential factors influencing the transport of DOC to receiving waters.

RECREATIONAL USE OF THE DELTA

The Delta Protection Commission has estimated that there are over 12 million visitors to the
Delta annually, including about 500,000 boaters. This includes shoreline recreation (picnicking,
hiking, camping, and hunting), boating, fishing, water-skiing, and other recreational activities
along the Delta’s 57,000 acres of navigable waterways. All of these activities have the potential
to impact water quality in the Delta. Recreational use of the Delta is projected to increase in the
future as population increases. Recreational users may not be aware of the significance of the
Delta as a drinking water source.

The California Department of Parks and Recreation prepared a Recreation Proposal for the
Sacramento-San Joaquin Delta and Suisun Marsh in May 2011. This plan will be included with
the Delta Plan that will be finalized in the fall of 2012. The plan calls for creation of wildlife
habitat and passive recreational facilities at Barker Slough, creation of an upland recreation area
in the South Delta, possibly in the Old River area, development of floating campsites/day use
areas and expanded waterfowl hunting programs (boat-in and longer-term), and potentially
increasing the recreational use of SWP facilities.

There are a number of boater education programs that provide information on boating safety,
proper disposal of hazardous wastes, and proper sewage handling facilities, but their
effectiveness is uncertain. Although there are numerous pumpout and restroom facilities located
throughout the Delta, it is uncertain how frequently they are used.

Vessel abandonment is a significant problem in the Delta which has direct impacts on source
water quality. There are three key state programs that address the issue of abandoned vessels;
however, two of these programs require local agencies to provide ten percent matching funds.
Many local agencies cannot provide the matching funds due to budget constraints.
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KEY WATER QUALITY VULNERABILITIES OF THE STATE WATER PROJECT

Chapter 14 contains a discussion of the key water quality vulnerabilities of the SWP. The CDPH,
SWP Contractors, and DWR identified the SWP vulnerabilities to be addressed in the 2011
Update. The key findings for each of the specific topics discussed in Chapter 14 are presented in
this section.

NORTH BAY AQUEDUCT

The NBA Contractors have taken a multifaceted approach to improving the quality of water
delivered to their customers. They have conducted studies in conjunction with MWQI on the
water quality of the Barker Slough watershed, installed real-time monitoring equipment to
provide advanced warning of water quality problems, installed fencing and alternative water
supplies to exclude cattle from Barker Slough, evaluated the impacts of Campbell Lake
operations on Barker Slough water quality, and conducted hydrodynamic modeling of the
watershed to better understand the sources of water at the Barker Slough watershed under
varying hydrologic conditions. In addition, the NBA Contractors evaluated treatment options and
water exchanges as methods of improving water quality. The NBA Contractors are currently
pursuing an alternate intake on the Sacramento River. The alternate intake would be operated in
conjunction with the existing intake at Barker Slough to provide operational flexibility and
improve water quality.

CLIFTON COURT FOREBAY

While developing the scope of work for the 2006 Update, the SBA Contractors expressed
concerns that sedimentation of Clifton Court Forebay has resulted in a shallow water body that
encourages algal and vascular plant growth that result in T&O problems. The 2006 Update
contains an analysis of real-time water quality monitoring data that could potentially be used to
detect algal blooms. The scope of work for the 2011 Update did not include any further analysis
of the impact of sedimentation in Clifton Court on algal growth and T&O problems or of the
ability of monitoring equipment to detect algal blooms. The status of action items from the 2006
Update was reviewed.

SOUTH BAY AQUEDUCT

The SBA Contractors have engaged in a number of activities to improve water supply reliability
and water quality of the SBA. The SBA Improvement and Enlargement Program is nearing
completion. The Watershed Protection Program Plan was completed in 2008 and the SBA
Contractors conducted several workshops and developed public education materials on
protecting drinking water quality in Bethany Reservoir and Lake Del Valle. The SBA
Contractors previously expressed concern over a proposed trail along the SBA but that project
does not currently have funding and appears to not be of any immediate concern.

Cattle grazing in the Bethany Reservoir watershed remains a major concern. DWR leases a 115-
acre parcel on the southwestern shoreline that drains to Bethany Reservoir and two parcels on the
northeast side, most of which do not drain to the reservoir. The leases require that good grazing
practices be used so the property is not over-grazed and allow DWR to inspect the property to
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determine if the land is being over-grazed. The leases also require that fences be constructed and
maintained to prevent cattle from entering the property of adjacent property owners but there are
no requirements for fencing to keep cattle out of Bethany Reservoir. Stormwater monitoring
conducted by the SBA Contractors showed that the Bethany Headlands drainage on the western
side of Bethany Reservoir contained high levels of Giardia and Cryptosporidium relative to
other sources of water to the SBA. Cattle are the likely source of these pathogens because cattle
grazing is the primary use of this land and cattle are known carriers of these pathogens.

DELTA-MENDOTA CANAL/CALIFORNIA AQUEDUCT INTERTIE

Construction was completed on an intertie between the California Aqueduct and the DMC in
April 2012. The intertie will allow water pumped at the Jones Pumping Plant to be conveyed in
the California Aqueduct to O’Neill Forebay. The Central Valley Project (CVP) water reaching
O’Neill Forebay may be pumped into San Luis Reservoir, released to the San Luis Canal and the
Dos Amigos Pumping Plant, or released through the O’Neill Pump-Generating Plant to the lower
DMC and Mendota Pool.

The Final EIS did not evaluate the impacts on the quality of water in the California Aqueduct,
O’Neill Forebay, or San Luis Reservoir as a result of the intertie. The intertie will be operated
mainly between September and March when EC levels and bromide concentrations are highest in
the South Delta. However, the volume of water pumped from the DMC into the California
Aqueduct (maximum of 467 cubic feet per second) is relatively small compared to the flows in
the California Agqueduct so there may not be a change in EC or bromide levels.

SAN LUIS RESERVOIR

The U.S. Bureau of Reclamation (Reclamation), Santa Clara Valley Water District, and San Luis
and Delta-Mendota Water Authority have conducted a number of studies and held public scoping
meetings for the San Luis Low Point Improvement Project. The three agencies are currently
preparing a Feasibility Report and companion EIS/EIR which will present three alternatives: 1)
Lower San Felipe Intake Comprehensive Plan, 2) Pacheco Reservoir Comprehensive Plan, and
3) the Combination Comprehensive Plan. It is anticipated that the Feasibility Report and Draft
EIS/EIR will be completed in July 2012 and the Final EIS/EIR will be completed in January
2013.

The State Water Project Contractors Authority, MWQI, and O&M are currently addressing cattle
grazing in the Cottonwood Bay area of the San Luis Reservoir. Efforts are underway to
coordinate among the cattle owner, the land owner (Reclamation) and the San Luis Field
Division to prevent the cattle from accessing the water.

COASTAL BRANCH

Over the last five years, the Central Coast Water Authority (CCWA) has implemented a number
of measures to address T&O issues that may be attributed to sediment accumulation in the
Coastal Branch forebays and canals. These measures include: 1) cooperating with and
encouraging O&M to implement a routine sediment removal program from the open channel
canal, forebays, and storage tanks, 2) implementing an MIB Monitoring Program/Response Plan
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at the Polonio Pass Water Treatment Plant (PPWTP) influent; Devil’s Den, Bluestone, and
Polonio Pass pumping plant forebays; and selected canal locations, 3) conducting an experiment
using the SolarBee to evaluate its effectiveness in minimizing sediment accumulation and
prevention of blue-green algae blooms in a pumping plant forebay, and 4) investigating
alternative theories that may explain the high MIB levels.

Sediment accumulation in the pumping plant forebays is still occurring and remains a concern
despite an active sediment removal program developed by O&M. In addition, elevated ammonia
levels are routinely observed in the PPWTP influent just prior to the O&M annual winter
shutdown, as water levels in the canal are reduced.

Through the examination of sediment removal records and water quality sampling along the
Coastal Branch over the past five years, CCWA staff has not been able to confirm that greater
amounts of sediment will lead to greater T&O incidents. However, there have been no major
sustained T&O incidents from 2006 to 2010 at either Banks or the PPWTP.

NON-PROJECT INFLOWS

Non-Project inflows introduced into the California Aqueduct totaled 1,490,164 acre-feet from
2006 to 2010, which is a substantial increase from the 360,000 acre-feet previously introduced
from 2001 to 2005. During certain months in the 2006 to 2010 period, inflows contributed a
substantial percentage of the aqueduct flow. In February 2009, inflows contributed 87 percent of
the flow at Check 29, and 92 percent of the flow at Check 41. This is an increase over the 2001
to 2005 period, as the highest monthly percentage at Check 41 was 40 percent.

Groundwater quality data from the resultant blend of participating wells for each project
proponent, prior to entering the California Aqueduct, were examined. Based on the available
data, Semitropic Water Storage District (Semitropic) inflows had the highest arsenic
concentrations, with the majority of samples exceeding the drinking water MCL of 10 pg/L.
Although conditions were placed on Semitropic’s 2007 project proposal to “attempt to achieve
an arsenic concentration of 10 pg/L or less in its pump-in water through full use of its
resources,” this was not achieved. Although one of the conditions placed on Semitropic is stated
as above, it should be noted that the Semitropic inflow was actually evaluated as one component
of the Kern program that also included Kern Water Bank, Kern County Water Agency, and the
Wheeler Ridge-Maricopa Water Storage District. As such, the weighted average of all of the
Kern program inflows was evaluated by the Facilitation Group and could not exceed any
drinking water MCLs. Therefore, Semitropic was allowed to pump-in water with arsenic
concentrations greater than 10 pg/L as long as the weighted average of other Kern inflows and
Semitropic inflows was less than 10 pg/L. Semitropic also had the highest medians for bromide,
total dissolved solids (TDS), and sulfate. The highest median for nitrate (10.3 mg/L) was
measured at the Arvin-Edison Water Storage District inflow location, but it was well below the
MCL of 45 mg/L.

Modeling results from the Kern County Water Agency Aqueduct Blending Model were also
compared to grab samples taken along the aqueduct. The model predicts arsenic, DOC, and TDS
concentrations fairly close to measured water quality at Check 29 and Check 41. The model
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tends to predict lower bromide concentrations and higher chromium and nitrate concentrations
compared to measured water quality at both Check 29 and Check 41. This is because modeled
results use long-term averages as the background concentrations at O’Neill Forebay Outlet, yet
the actual water quality at this location may vary higher or lower from the long-term average.
Overall, the Aqueduct Blending Model has become a useful tool in managing the non-Project
inflows and assessing downstream water quality impacts.

The introduction of non-Project inflows has generally decreased the concentrations of bromide
and DOC and increased the concentrations of nitrate and arsenic in the California Aqueduct
downstream of the inflows. Specifically, there were eleven months when arsenic levels were
measured at or above 5 pg/L at Check 29 and Check 41. Notably, arsenic levels were 6 pg/L for
two consecutive months in February and March 2009 at Check 41. The percent of inflow
volumes was high during this time period, averaging 83 percent in January 2009, 92 percent in
February 2009, and 68 percent in March 2009. In addition, there were six non-consecutive
months when the change in arsenic concentration from upstream to downstream of the
Semitropic inflows was greater than 2 pg/L. This is notable as one of the conditions placed on
Semitropic in 2007 was “Semitropic will operate its inflow program to achieve an increase in
downstream arsenic concentrations of no more than 2 pg/L over background levels in the
California Aqueduct.” Further information is provided in Chapter 14. Only slight changes were
observed for TDS and sulfate.

Semitropic constructed a demonstration facility to remove arsenic from groundwater. The
demonstration facility was operated from November 2007 to November 2009 and treated a total
of 61,665 acre-feet at a cost of $1.8 million.

Westlands was approved to convey their groundwater on a one-time basis from June to
September 2008 by a Governor’s Executive Order addressing the drought. During this period,
Westlands pumped 12,581 acre-feet of groundwater into the San Luis Canal portion of the
California Aqueduct. The Governor’s Executive Order bypassed water quality testing
requirements that were specified in the contract between DWR and Westlands, so Westlands was
allowed to begin pumping groundwater prior to any evaluation. According to DWR, two wells
were shut down based on high levels of TDS and sulfate found after the wells were placed into
service. Therefore, some unacceptable water was introduced into the San Luis Canal portion of
the California Aqueduct during this four-month period.

SUBSIDENCE ALONG THE AQUEDUCT

There has been renewed interest in subsidence in the San Joaquin Valley due to increased
groundwater pumping, caused by a reduction of available imported surface water deliveries due
to drought and fish-protection measures. In 2007, there was a 150 foot decline in groundwater
elevation, which caused subsidence. Damage to the SWP due to subsidence has occurred at the
turnout structures, check sites, canal lining, and bridges. The worst subsidence damage has
occurred within the jurisdiction of the San Luis Field Division near Coalinga.

USGS is currently conducting a study on behalf of DWR to better understand the occurrence of
land subsidence along the California Aqueduct. The study is focused on the Westlands area and
will determine the location and extent of changes in land surface elevation along the California
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Aqueduct. A similar study is being conducted for the CVP, and both projects are expected to be
completed in September 2012. USGS hopes to define a groundwater level that will
prevent/manage future subsidence.

PYRAMID LAKE

Pacific Pipeline Systems LLC (responsible party) has completed repairs and relocations of Line
63 which was damaged and resulted in a March 2005 oil spill. They have increased ground and
aerial inspection of the pipeline after rain events, and conducted emergency training exercises.
Pacific Pipeline Systems was also required to pay a $1.3 million civil penalty and is currently
completing additional specific actions to relocate or improve resistance to movement for Line 63.

The Upper Piru Creek portion of the Pyramid Lake watershed was impacted by the Day Fire
which began on September 4, 2006 and was contained on October 2, 2006. The majority of the
burn area tributary to Pyramid Lake burned at a low intensity. Although sediment loading and
runoff was predicted to increase post-fire, ash and debris flow did not occur due to moderate
rains that winter. According to MWDSC staff, there were no changes to influent water quality at
the Jensen Water Treatment Plant as a result of the fire.

CASTAIC LAKE

MWDSC has completed necessary best management practices to discourage gull roosting on the
lake. Two pilot scale gull management exercises were conducted in 2007 with limited success. A
brochure was developed by MWDSC and distributed at the Castaic Lake Recreation Area to
discourage gull feeding by the general public. Monthly average E. coli levels at the Jensen Water
Treatment Plant have declined since 2002.

On April 22, 2008, a 5,000 gallon sewage spill originated from the Warm Springs Rehabilitation
Center in Castaic, California. The wastewater pump station experienced an electrical failure and
wastewater spilled in front of the pump station. The Los Angeles County Health Department
determined that the sewage did not enter Castaic Lake or any tributaries to the lake.
Cryptosporidium and Giardia were not detected in samples collected by MWDSC and E. coli
and fecal coliforms were either not detected or were present at low levels in samples analyzed by
Castaic Lake Water Agency.

HESPERIA MASTER DRAINAGE PLAN

Urban runoff from the City of Hesperia is discharged to the California Aqueduct through 45 drop
inlets. This issue was identified in the 1990 SWP Watershed Sanitary Survey and has still not
been resolved. The San Bernardino County Flood Control District has developed a plan to
address local drainage concerns but does not plan to address the discharge of urban runoff into
the aqueduct unless DWR agrees to help fund the project.

Continuous turbidity and EC data measured at Check 66, which is downstream of the City of
Hesperia, were analyzed to determine if levels increased during periods of heavy rainfall. Based
on the current amount of development in the watershed, flow through the drop inlets is likely
impacting downstream water quality only under extreme storm conditions.
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SILVERWOOD LAKE

There were no incidents such as wastewater spills, sewer line breakages, fires, or high runoff
events in the Silverwood Lake watershed during the study period. There were no high turbidity
events in the source water, with the exception of one day in January 2006, and three days in
January 2010 when turbidities reached 20 NTU. Other than these two time periods, turbidity was
less than 10 NTU.

LAKE PERRIS

Since the 2006 Update was completed, use of Lake Perris by MWDSC has been reduced due to
regulatory restrictions on pumping from the Delta and limitations to protect recreation and
endangered species due to the Lake Perris drawdown. Lake Perris has been lowered by 25 feet
below the normal maximum level to mitigate seismic risk while a permanent solution is being
determined by DWR. Although MWDSC was proceeding with the procurement of a
hypolimnetic oxygenation system and the design of voluntary swimming alternatives (i.e. swim
lagoons, water play areas and other water features), MWDSC does not currently view Lake
Perris as a reliable enough source of SWP supply to justify the cost to construct these facilities.
As such, MWDSC has discontinued their efforts to implement these projects.

In January 2010, DWR prepared a Draft EIR for the Perris Dam Remediation Program to address
seismic hazard. The Draft EIR evaluated the following dam remediation alternatives: 1)
increased dam capacity alternative (above 1,588 feet), 2) normal dam capacity (at 1,588 feet), 3)
reduced dam capacity alternative (at 1,563 feet), 4) recreation alternative (at 1,542 feet), 5) dam
decommissioning alternative (draining the lake), and 6) no project alternative. The Final EIR was
completed in September 2011. In the Final EIR, DWR concluded that the recreation alternative is
the environmentally superior dam remediation alternative.

MWDSC, Coachella Valley Water District, and Desert Water Agency submitted comment letters
on the Draft EIR, and commented that there was an inadequate range of alternatives considered,
and that a more detailed analysis of possible alternatives should have been conducted. These
agencies are in the process of reviewing the Final EIR.

Recreational attendance at the Lake Perris State Recreation Area has declined since the
drawdown of the lake in 2005. However, attendance increased by 40,000 visitors from 2010 to
2011. The maximum number of allowable boats on the lake has been reduced from 500 to 250
for safety reasons. There were eleven beach closures from 2005 to 2010 due to E. coli levels
exceeding standards for recreational usage.

STATE WATER PROJECT FACILITY OPERATIONS VULNERABILIITIES

Chapter 15 contains a discussion of the key operational vulnerabilities of the SWP. The CDPH,
SWP Contractors, and DWR identified the operational vulnerabilities to be addressed in the 2011
Update. The key findings for each of the specific topics discussed in Chapter 15 are presented in
this section.
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BIOLOGICAL OPINIONS

Both the USFWS and NMFS biological opinions require exports to be limited to reduce reverse
flows in the Old and Middle rivers between December and June. The intent of this action is to
prevent entrainment of delta smelt at the export pumps. The other action with the potential to
impact water quality is the requirement to increase Delta outflow in wet and above normal years
during the fall months to move the low salinity zone near Suisun Marsh, which is thought to
improve delta smelt survival. While modeling studies have been conducted to examine the
impacts of the biological opinions on water supply, there have not been any modeling studies to
evaluate the impacts on drinking water quality. The impacts of the Wanger Interim Remedial
Order on drinking water quality were modeled. Historical data were examined and the results of
the modeling studies on the Wanger Interim Remedial Order were reviewed in an attempt to
determine if any conclusions could be drawn on the likely impacts of the biological opinions.
Delta hydrology is extremely variable, Delta operations are highly complex, and the operations
rules to comply with the actions in the biological opinions will change the way the Delta has
historically been operated. It is not possible to reach firm conclusions on the impacts of the
biological opinions without conducting modeling studies; however, it appears that the greater
influence of the San Joaquin River during the periods that Old River and Middle River reverse
flows are regulated will result in higher levels of TOC, DOC, EC, and bromide at the south Delta
pumping plants. Shifting exports to the July to September period may result in more water with
lower TOC and possibly EC being exported. Bromide concentrations may be lower in July but
would increase to high levels by September. Increased fall Delta outflow, in the range that would
likely occur in September, does not appear to have any impact on drinking water quality at the
pumping plants.

HEAD OF OLD RIVER BARRIER

The head of Old River barrier (HORB) is installed to keep migrating salmon in the San Joaquin
River and to prevent them from entering the Old River and being drawn towards agricultural
diversions and the south Delta pumping plants. Historically the HORB was a 200-foot long
barrier constructed by placing rock in the main channel bed along with overflow weirs and gated
culverts. The physical barrier effectively blocks most flow from the San Joaquin River into the
Old River. As a result of the delta smelt biological opinion, participants in the Vernalis Adaptive
Management Plan suggested testing a non-physical barrier as an alternative to the rock barrier,
since the physical barrier may have adverse impacts on delta smelt. A non-physical barrier was
installed in the Old River in the spring of 2009 as an experimental project to determine if
migrating salmon and steelhead would avoid the barrier and stay in the San Joaquin River rather
than entering the Old River.

Modeling studies using the Delta Simulation Model 2 (DSM2) have shown that the physical
barrier prevents the San Joaquin River from entering the Old River when it is in place. There
have not been any studies on the impacts on water quality of replacing the physical barrier with a
non-physical barrier. It would seem logical that the San Joaquin River would have a greater
influence on water quality at the south Delta pumping plants with a non-physical barrier. Water
quality data were compared for two relatively dry periods: 2002 to 2004 when the physical
barrier was in place and 2008 to 2010 when there was no physical barrier. The Delta
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hydrodynamics are too complex to draw any conclusions from the examination of these limited
data.

IMPACTS OF DROUGHT ON WATER QUALITY

The water quality impacts of dry years at the Barker Slough and Banks Pumping Plants were
evaluated. These two locations were selected because they reflect the quality of water pumped
from the north and south Delta in different year types.

When examined on a monthly basis, there are few significant differences between wet and dry
year monthly medians at Barker Slough for TOC, bromide, and nutrients. During dry years, EC
levels are higher during the wet months of January through April and turbidity levels are lower
during the December to April period.

When examined on a monthly basis, the substantial impact of dry years on EC and bromide is
evident at Banks. During dry years, EC and bromide are statistically significantly higher in the
summer months, when exports are highest, and in the winter months. Turbidity levels are
statistically significantly lower during the summer months of dry years. TOC concentrations are
higher during a few months of dry years and lower during other months, with no clear pattern.
Nutrient concentrations are not significantly different between dry years and wet years.

FINDINGS AND RECOMMENDATIONS

Chapter 16 contains a discussion of the key findings from the System Environment, Water
Quality, and Vulnerabilities chapters. The recommendations presented in this chapter are draft
potential actions for consideration by the SWP Contractors, CDPH and the DWR MWQI
Program and O&M Division. These agencies will work with the consulting team to rank the draft
recommendations and determine if, and how, they will be implemented. An Action Plan will be
developed by September 2012 that describes each action in more detail, identifies the responsible
entity, and lays out the schedule for implementation.
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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, 2011 Update (2011 Update) is the fifth 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, the predecessor of the
California Department of Public Health (CDPH), 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
CDPH, 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
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indicator organism and pathogen data from the SWP. A major objective of the 2001 Update was
to provide the SWP Contractors with information needed to comply with the 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.

SCOPE AND OBJECTIVES OF 2011 UPDATE

The SWP Contractors, DWR, and CDPH formed a Sanitary Survey Subcommittee to develop the
scope of work for the 2011 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, a review of the security and
emergency response measures in place for the SWP, and a discussion of the monitoring
conducted to comply with the Long-Term 2 Enhanced Surface Water Treatment Rule. CDPH
also requested that the findings of the 2011 Update be included or considered in the next update
of the California Water Plan. DWR subsequently determined that the discussion of security and
emergency response measures in place for the SWP would be prepared by DWR staff and
transmitted under a separate cover to CDPH, rather than included in the 2011 Update. The
Sanitary Survey Subcommittee determined that the issues addressed in the 2006 Update should
be revisited to update the information from the 2006 report. The subcommittee also identified
some new issues to be addressed in the 2011 Update, including habitat restoration and carbon
sequestration projects in the Sacramento-San Joaquin Delta (Delta) and the intertie between the
California Aqueduct and the Delta-Mendota Canal. Another key aspect of the 2011 Update is
that all available water quality data collected on the Delta and SWP facilities were analyzed
instead of only the last five to ten years of data.

The 2011 Update focuses on evaluating the sources of the water quality problems that the SWP
Contractors face. Actions that the SWP Contractors, DWR, and CDPH can take to protect SWP
source water quality are recommended. The objectives of the 2011 Update are to:

e Satisfy the CDPH 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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e Develop an Action Plan to guide DWR’s, CDPH’s and the SWP Contractors’ efforts to
protect and improve water quality for the next five years.

REPORT ORGANIZATION

This report is organized in the following manner:
Chapter 1 — Introduction
Chapter 2 — System Environment

This chapter contains a discussion of changes in drinking water and source water protection
regulations during the five years since the 2006 Update was prepared. A summary of the various
programs aimed at restoring the Delta ecosystem and improving water supply reliability is also
included.

Chapters 3 through 12 — 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; and high levels of total dissolved solids that create
challenges with blending, groundwater recharge, and wastewater recycling. The water quality
chapters are organized as follows:

Chapter 3 — Water Quality Background and Summary
Chapter 4 — Organic Carbon

Chapter 5 — Salinity

Chapter 6 — Bromide

Chapter 7 — Nutrients

Chapter 8 — Taste and Odor Incidents and Algal Toxins
Chapter 9 — Turbidity

Chapter 10 — Pathogens

Chapter 11 — Organic Chemicals and Trace Elements
Chapter 12 — Constituents of Emerging Concern

Chapter 13 - Key Water Quality Vulnerabilities of the Sacramento — San Joaquin Delta

The key Delta contaminant sources that are addressed in this chapter are increased wastewater
and urban runoff as a result of urbanization of the Central Valley, land use changes due to
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ecosystem restoration activities in the Delta, agricultural crop changes in the Delta, and
recreational usage of the Delta.

Chapter 14 — Key Water Quality Vulnerabilities of the State Water Project

Previous sanitary surveys of the SWP have documented the potential contaminant sources in the
watersheds. As a result, the SWP Contractors have initiated a number of programs to improve
water quality. This chapter contains a discussion of recent activities affecting water quality and
the efforts to improve water quality in the NBA, the South Bay Aqueduct, along the California
Aqueduct and in the watersheds of the storage reservoirs.

Chapter 15 — State Water Project Facility Operations Vulnerabilities

The SWP Facility Operations Vulnerabilities chapter contains a discussion of how operational
changes in the Delta and drought have affected water quality exported from the Delta to the SWP
Contractors.

Chapter 16 — Findings and Recommendations

Key findings from the previous chapters and recommended actions are described in this chapter.

ACTION PLAN

Each chapter of the report lists potential actions that DWR, CDPH, and the SWP Contractors can
take to improve water quality. The Sanitary Survey Subcommittee will consider these actions
and develop an Action Plan that will be a separate companion document to the 2011 Update. The
Action Plan will be a living document that will be updated as progress is made. The Action Plan
will then be able to guide development of the scope of work for the next update of the sanitary
survey.
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CHAPTER 2 SYSTEM ENVIRONMENT

CONTENTS

REGULATORY SETTING .....coiiiiit ettt sttt ste st st ana e enaesaesnesnennens 2-1
Drinking Water REQUIALIONS ...........cviiiiiiiciecicse ettt re e anee s 2-2
Federal REQUIATIONS .........oviiiii e 2-2
Stage 1 Disinfectants and Disinfection Byproducts Rule.............cccoocveiveiieincienneene, 2-2
Stage 2 Disinfectants and Disinfection Byproducts Rule...........ccccooeiiiiincicnen. 2-5
Interim Enhanced Surface Water Treatment RUle ..o 2-6
Long Term 2 Enhanced Surface Water Treatment RUle..........cccccooovvveiviiniiennnnnns 2-6
ATSENIC RUIE......oiiiiie et sb e ans 2-8
Unregulated Contaminant Program ...........ccoceoeeeeieienenenese e 2-8
Revised Total Coliform RUIE...........ccoieiiiiii e 2-9
SIX-YEAN REVIEW ...ttt et teeneesre e teenaeanaenneenes 2-10
New Drinking Water Strategy .........cccovveieiieieeie e 2-11
California REQUIALIONS .........coviiiiiiiiieice e 2-11
Review of Maximum Contaminant LEVEIS ..........ccccovvriririeieieie e 2-11
=T (ot 0] (o] - =SS 2-12
ChromiuM (V1) oo re e nre e 2-13
Total TriNAIOMENANES .......ocveeieiee e 2-13
Notification and ReSponse LEVEIS ..........covviiiiiiiiiic et 2-14
POLENTIAI ACTIONS ... .eiiiieiece et e e e e reeaeaneesneeneas 2-14
Source Water Protection REQUIALIONS .......cc.eiiiiiiiiiiieccic et 2-16
State Plans and POLICIES ........ccviiiiieiie et 2-17
San Francisco Bay/Sacramento-San Joaquin Delta Water Quality Control Plan.... 2-17
ANtidegradation POIICY .........cccooiiiiiiiiiice s 2-19
Sources of Drinking Water POIICY ........ccuoiiiiiiiiiiiie e 2-19

Policy for Implementation of Toxics Standards for Inland Surface Waters,

Enclosed Bays, and Estuaries of California...........c.ccccooevveiiniiiiniencseneen, 2-20
RecycCled Water POIICY .........cc.oiiiiiei et 2-21
AQUALIC PESTICTURS ...ttt sttt et 2-22
Proposed Policy for Nutrients for Inland Surface Waters of the State of

(OF: 111 (0] 0 - USSR 2-23

Central Valley Plans and Programs ..........c.ccceeveieiieiiene e ese e 2-24
Water Quality Control Plan for the Sacramento River and San Joaquin River

BaSINS ..ttt bbb re s 2-24
Total Maximum Daily LOAGS.........ccooiiiiiiiiiieeeiee e 2-25
WaStEWALEr DISCNAITES ......eivveiteeiecie sttt ra et e e e neenes 2-27
UrDan RUNOTT ... e 2-28
AGricultural DISCRAIQES ........vciuveieiieciee et 2-30
Confined AnIMal FaCIlItIES .......ccvoviiiiiee e 2-32
Central Valley Salinity Alternatives for Long-Term Sustainability ....................... 2-34
Central Valley Drinking Water POIICY ...........ccooviiiiiiieeeee e 2-34

POLENTIAT ACTIONS ....eviieieie ettt ettt b e b b sne e 2-37

Final Report 2-i June 2012



California State Water Project Chapter 2

Watershed Sanitary Survey 2011 Update System Environment
[T 0] (oo or= 1 I@) o1 a1 o] o130 PSSR 2-37
U.S. Fish and Wildlife Service Delta Smelt Biological Opinion...........cccccccevveiiieinnnns 2-37
National Marine Fisheries Service Biological Opinion for Salmon and Other
LISTEA SPECIES ..ttt et e e e e e rae e reearaa e 2-38
OCAP Integrated Annual Review WOrKSNOP ........cccevviieiieni e 2-38
Potential Water Quality IMPactS.........cocviiiiiiiiiic e 2-39
POLENTIAT ACTIONS ....viiiiie ettt bbb 2-39
POLICY SETTING ..ottt ettt sttt st st abeeseane e e s e stennennenreas 2-39
CALFED ...t bbbttt 2-39
DEIta VISION PrOCESS ......eiiiiiiiieieeiie ittt sttt sttt ettt ettt e b e sneesbeente st e sneeneas 2-39
DEITA VISION ..ttt bbbt bbbttt bbb 2-40
Delta Vision StrategiC PN .........ccooiiiiiiiee e 2-40
Actions that could Improve Delta Drinking Water Quality...........ccccccoovveveiiernennn. 2-42
Actions that could Degrade Delta Drinking Water Quality..........cccooeviveiennnnnnnn. 2-43
2009 Comprehensive Water PACKAQJE ..........cceeiviieiiciieie et 2-43
Delta Stewardship COUNCI .......cc.ooviiiiiiiiieee e 2-43
(@0 LU 1o | 1Y/ T 001 1= 6] T o SR 2-43
Council RESPONSIDIIITIES ......c.eoviiiiiiieecee e 2-44
THE DEITA PIAN......coieiee ettt 2-44
Actions that could Improve Delta Drinking Water Quality...........cccccooeiiniiinnnnnne 2-45
Actions that could Degrade Delta Drinking Water Quality............ccccccoovevviierinennn. 2-45
The Sacramento-San Joaquin Delta CONSEIVANCY .........cccoeiiriririieieiesiesie e 2-46
The Delta ConservanCy BOArd ...........cccceiveiiiieii e 2-46
CONSEIVANCY ACTIVITIES ...t 2-46
Delta Science Program and Delta Independent Science Board ............ccccocvevveveeiecciesneennn. 2-46
Delta ProteCtion COMMISSION .....cviiiiiieiieie ettt sree e see e sreeneeanes 2-47
RESPONSIDITITIES ...ttt e e e e te e e sreesreennea 2-47
e (0] (=01 TSSO T TR PRT PR PPPPRPR 2-47
Primary Zone STUAY ........ccoviiieieiie it sae e 2-47
Abandoned Vessel REMOVAL ..........ccooviiiiieiieseee e 2-48
Flow Criteria for the Delta ECOSYSIEM........cooiiiiiiicciccee e 2-48
Bay Delta ConServation PIan ..o e 2-49
Delta Habitat Conservation and Conveyance Program ...........ccccccceevveviesieesineeseesineesiee s 2-51
USEPA Advanced Notice of Proposed RUIEMAKING ........cccooiviiiiiiieiereceeeee e 2-51
San Joaquin River Restoration Program .........cccooveiiuieiieiieiiie e esiee e siee s srae e 2-51
Delta WELIANdS PrOJECT .......cveiiieiieiereseee et 2-52
POLENTIAI ACTIONS ...ttt be et 2-53
REFERENCES ...ttt bbbttt bbbttt n e 2-54

Final Report 2-ii June 2012



California State Water Project Chapter 2

Watershed Sanitary Survey 2011 Update System Environment
FIGURES
Figure 2-1. Proposed Delta Wetlands PrOJECT...........cccuviiiiiiiiieese e 2-53
TABLES
Table 2-1. Regulations Discussed in this Chapter...........ccooveiiieiieie e 2-1
Table 2-2. New or Revised Maximum Contaminant Levels and Public Health Goal ................ 2-3
Table 2-3. Stage 1 D/DBP Rule Step 1 Percent TOC Removal Requirements............ccccceevennene 2-4
Table 2-4. LT2ESWTR Bin Classification and Action RequIrements ............cccocevvevesiverennns 2-7
Table 2-5. Treatment Requirements by Bin Classification ............ccccvvveviviveiiie i 2-7
Table 2-6. Contaminants Reviewed iN 2011 .......ccoiiiiiiiiiieiiee e 2-12
Table 2-7. Notification and ReSponse LEVEIS ........cccvovieiiiiiiiie e 2-15
Table 2-8. Archived Advisory and Response LeVElS ..........cooviiiiiiiiin i 2-16
Table 2-9. California Toxics Rule Criteria and Maximum Contaminant Levels for
TrINAIOMETNANES. ..o e 2-20
Final Report 2-iii June 2012






California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

CHAPTER 2 SYSTEM ENVIRONMENT

This chapter contains a discussion of changes in drinking water and source water protection
regulations during the five years since the California State Water Project Watershed Sanitary
Survey 2006 Update (2006 Update) was prepared. A discussion of the biological opinions and
the numerous programs aimed at restoring the Sacramento-San Joaquin Delta (Delta) ecosystem
and water supply reliability are also included.

REGULATORY SETTING
There have been a number of changes to drinking water and source water protection regulations
since the 2006 Update was completed. Table 2-1 lists the regulations that are discussed in this
chapter.

Table 2-1. Regulations Discussed in this Chapter

DRINKING WATER REGULATIONS

Federal Regulations California Regulations

Stage 1 Disinfectants and Disinfection Byproducts Rule | Review of Maximum Contaminant Levels

Stage 2 Disinfectants and Disinfection Byproducts Rule | Perchlorate

Interim Enhanced Surface Water Treatment Rule Chromium (V1)
Long Term 2 Enhanced Surface Water Treatment Rule Total Trihalomethanes
Arsenic Rule Notification and Response Levels

Unregulated Contaminant Program

Revised Total Coliform Rule

Six-Year Review

New Drinking Water Strategy

SOURCE WATER PROTECTION REGULATIONS

State Plans and Policies Central Valley Plans and Policies
San Francisco Bay/Sacramento-San Joaquin Delta Water | Water Quality Control Plan for the Sacramento River
Quality Control Plan and San Joaquin River Basins
Antidegradation Policy Total Maximum Daily Loads
Sources of Drinking Water Policy Wastewater Discharges

Policy for Implementation of Toxic Standards for Inland

Surface Waters, Enclosed Bays, and Estuaries Urban Runoff

Recycled Water Policy Agricultural Discharges

Aquatic Pesticides Confined Animal Facilities

Central Valley Salinity Alternatives for Long-Term

Proposed Policy for Nutrients Sustainability

Central Valley Drinking Water Policy
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DRINKING WATER REGULATIONS

The U.S. Environmental Protection Agency (USEPA) is responsible for implementing the Safe
Drinking Water Act (SDWA). Congress passed the SDWA in 1974 and significantly amended it
in 1986 and 1996. The California Department of Public Health (CDPH) is responsible for
implementing the federal regulations and for developing regulations specific to protection of
drinking water supplies in California. The California Office of Environmental Health Hazard
Assessment (OEHHA) is responsible for establishing Public Health Goals (PHGs) in California.
A PHG is the level of a contaminant in drinking water that does not pose a significant risk to
public health. CDPH is required to adopt Maximum Contaminant Levels (MCLs) that are at least
as stringent as the federal MCLs established by USEPA and are as close to the PHGs as is
economically and technically feasible. These are published in the California Code of
Regulations, Title 22 — Social Security, Division 4 — Environmental Health (Title 22).

Several major rules have been implemented or promulgated and a number of MCLs, PHGs, and
notification levels have been revised in the last five years. The highlights of the changes are
discussed in this chapter. Table 2-2 contains a list of contaminants for which revised or new
MCLs and/or PHGs have been established since the 2006 Update was prepared.

Federal Regulations

CDPH has adopted and implemented a number of federal rules in the last five years that have
significantly affected the State Water Project (SWP) Contractors who treat water from the Delta.
Some were adopted directly from the federal regulations, while others were developed with
expanded requirements.

Stage 1 Disinfectants and Disinfection Byproducts Rule

The Stage 1 Disinfectants and Disinfection Byproducts (D/DBP) Rule was promulgated by
USEPA on December 16, 1998, along with the Interim Enhanced Surface Water Treatment Rule
(IESWTR). CDPH incorporated the provisions of this rule into Title 22 in 2006 (Chapter 15.5),
with limited variation from the federal statute. The Stage 1 D/DBP Rule applies to public water
systems that are community water systems or non-transient non-community water systems.
Large water systems were required to comply with the provisions of this rule by January 2002.
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Table 2-2. New or Revised Maximum Contaminant Levels and Public Health Goals

Contaminant CA MCL Date CA MCL PHG Date F_’HG
(mg/L) Established (mg/L) Established

Inorganics
Arsenic 0.010 2008° 0.000004 2004°
Copper 1.0/1.3 1977/1995° 0.3 2008°
Lead 0.015 1995° 0.0002 2009"
Perchlorate 0.006 2007° 0.006 2004°
Selenium 0.05 1994 0.03 2010°
Volatile Organic Chemicals)
1,2-Dichlorobenzene 0.6 1994 0.6 2009°
1,3-Dichloropropene 0.0005 1989 0.0002 2006"
Trichloroethylene 0.005 1989 0.0017 2009"
1,2,3-Trichloropropane none N/A 0.0000007 2009°
Styrene 0.1 1994 0.0005 2010°
Synthetic Organic Chemicals
2,4-Dichlorophenoxyacetic acid 0.07 1994 0.02 2009°
(2,4-D)
Bentazon 0.018 1989 0.2 2009°
Benzo (a) pyrene 0.0002 1994 0.000007 2010°
Chlordane 0.0001 1990 0.00003 2006"
Dalapon 0.2 1994 0.79 2009°
Dinoseb 0.007 1994 0.014 2010°
Endrin 0.002 1994 0.0018 2008°
Glyphosate 0.7 1990 0.9 2007"
Methoxychlor 0.03 2003 0.00009 2010°
Molinate 0.02 1989 0.001 2008°
Oxamyl 0.05 2003 0.026 2009°
Pentachlorophenol 0.001 1994 0.0003 2009°
Polychlorinated biphenyls 0.0005 1994 0.00009 2007°
2,3,7,8-TCDD (Dioxin) 3x10° 1994 5x10™ 2010°
Disinfection Byproducts
Bromate 0.010 2006° 0.0001 2009°
Chlorite 1.0 2006° 0.05 2009°
# Represents new MCL or PHG since 2006
® Represents revised MCL or PHG since 2006
°Represents secondary MCL and Regulatory Action Level
? Represents Regulatory Action Level
Final Report 2-3 June 2012




California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

The Stage 1 D/DBP Rule requires water systems to comply with a combination of new MCLs,
maximum residual disinfectant levels, and a treatment technique to improve control of
disinfectants and disinfection byproducts. The total trihalomethanes (TTHM) MCL was reduced
from 0.10 to 0.080 mg/L and a 0.060 mg/L MCL was established for the sum of five haloacetic
acids (HAAD5). In addition, MCLs were established for chlorite (1.0 mg/L) for plants using
chlorine dioxide and bromate (0.010 mg/L) for plants using ozone. Compliance with the TTHM
and HAA5 MCLs is based on the running annual average (RAA) of quarterly averages of all
distribution system samples. (This is being replaced by the locational running annual average
[LRAA] regulated in the Stage 2 D/DBP Rule and discussed below).

Under Step 1 of the Stage 1 D/DBP rule, systems using surface water and conventional filtration
must remove specific amounts of total organic carbon (TOC) prior to adding disinfectants by
implementing a treatment technique, either enhanced coagulation or enhanced softening. The
percent removal required depends on the source water TOC and alkalinity. Table 2-3 provides a
summary of the removal requirements. TOC removal compliance is based on the 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 2-3. Stage 1 D/DBP Rule Step 1 Percent TOC Removal Requirements

Alkalinity (mg/L as CaCO;)
TOCMYL) 5760 | 560-120 | > 120
>20-40 35.0% 25.0% 15.0%
>4.0-8.0 45.0% 35.0% 25.0%
> 8.0 50.0% 40.0% 30.0%

Systems that cannot achieve the Step 1 TOC removal requirements must apply to CDPH for
approval of alternative minimum TOC (Step 2) removal requirements. The application must
include bench- or pilot-scale testing to establish the minimum TOC removal required by the
system. The alternate enhanced coagulation level is defined as coagulation at a coagulant dose
and pH in bench- or pilot-scale testing such that an incremental addition of 10 mg/L of alum (or
equivalent amount of ferric salt) results in a TOC removal of 0.3 mg/L or less. The percent
removal of TOC at this point on the “TOC removal versus coagulant dose” curve is then defined
as the minimum TOC removal required for the system. If the TOC removal is consistently less
than 0.3 mg/L of TOC per 10 mg/L of incremental alum dose at all dosages of alum (or
equivalent addition of iron coagulant), the water is deemed to contain TOC not amenable to
enhanced coagulation. The system may then apply to CDPH for a waiver of enhanced
coagulation requirements.

If any of the following conditions are met during a month, systems may assign a monthly value
of 1.0 when determining compliance with the TOC removal requirements:

e Source water TOC level is less than 2.0 mg/L

e Treated water TOC level is less than 2.0 mg/L
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e A system practicing softening removes at least 10 mg/L as CaCO3 of magnesium
hardness

e Source water specific ultraviolet absorbance (SUVA), prior to any treatment, is less than
or equal to 2.0 L/mg-m

e Finished water SUVA is less than or equal to 2.0 L/mg-m

e A system practicing enhanced softening lowers alkalinity below 60 mg/L as CaCO3;

The USEPA has also provided alternative compliance criteria from the treatment technique
requirements for systems practicing enhanced coagulation or enhanced softening. Water systems
are not required to achieve the specified Step 1 TOC removals provided one of the following
conditions is met:

e Source water TOC is less than 2.0 mg/L.

e Treated water TOC is less than 2.0 mg/L.

e Source water TOC is less than 4.0 mg/L, source water alkalinity is greater than 60 mg/L,
and distribution system TTHM is no greater than 0.040 mg/L and HAAS is no greater
than 0.030 mg/L.

e Distribution system TTHM is no greater than 0.040 mg/L and HAAS is no greater than
0.030 mg/L and, only chlorine is used for primary disinfection and distribution system
residual.

e Source water SUVA, prior to any treatment, is less than or equal to 2.0 L/mg-m.

e Treated water SUVA is less than or equal to 2.0 L/mg-m.

In addition, systems practicing enhanced softening are not required to achieve the Step 1 TOC
removals provided one of the following two conditions is met:

e Treated water alkalinity is less than 60 mg/L as CaCOg3

e At least 10 mg/L as CaCOj3 of magnesium hardness is removed

Stage 2 Disinfectants and Disinfection Byproducts Rule

The Stage 2 D/DBP Rule was promulgated by USEPA on January 4, 2006, along with the Long
Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR). CDPH is beginning to
incorporate the provisions of the Stage 2 D/DBP Rule into Title 22. A draft regulation was
published in September 2010. This rule applies to all community and non-transient non-
community water systems that use disinfectants other than ultraviolet (UV) light. The rule retains
the MCLs for TTHM, HAADS, chlorite, and bromate established in the Stage 1 D/DBP Rule but
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requires compliance at every monitoring location in the distribution system. The rule requires an
Initial Distribution System Evaluation (IDSE) be conducted to identify the locations in the
distribution system that have the highest concentrations of TTHM and HAAGS as well as confirm
the long-term monitoring locations. The SWP Contractors have completed their IDSEs.
Compliance with the Stage 2 D/DBP Rule will be based on calculating a LRAA, where
compliance means maintaining the LRAA at each compliance monitoring location in the
distribution system at or below 0.080 mg/L for TTHMs and 0.060 mg/L for HAADS.

Monitoring for the LRAA will occur at long-term monitoring locations identified in the IDSE
report at specific frequencies, based on population served. For systems serving more than
100,000 people or part of a combined distribution system with another large system, monitoring
must start by April 1, 2012 and compliance with the Stage 2 MCLs must be achieved one year
after monitoring is started. Systems serving between 50,000 and 99,999 must start by October 1,
2012 and systems serving between 10,000 and 49,999 must start by October 1, 2013. Systems
serving fewer than 10,000 people must begin either October 1, 2013 (if Cryptosporidium
monitoring is not required) or October 1, 2014 (if Cryptosporidium monitoring is required). If
capital improvements are needed to meet the MCLs, CDPH may allow an additional 24 months
before compliance is required.

Interim Enhanced Surface Water Treatment Rule

The IESWTR was promulgated by USEPA on December 16, 1998. Public water systems that use
surface water or groundwater under the direct influence of surface water and serve at least
10,000 people were required to comply with the provisions of this rule by January 2002. CDPH
incorporated this regulation into Title 22 in December 2007, and it was effective in January
2008. The state rule contains additional monitoring and reporting requirements. This rule
established a Maximum Contaminant Level Goal (MCLG) for Cryptosporidium of zero and
established a treatment technique requirement of 2-log (99 percent) removal of Cryptosporidium.
The rule provides that systems with conventional or direct filtration water treatment plants are
granted the 2-log removal credit, provided the new enhanced turbidity requirements are met.
Turbidity must be continuously monitored for all filters and the combined filter effluent turbidity
must be less than or equal to 0.3 nephelometric turbidity units (NTU) in at least 95 percent of
measurements taken each month, and never exceed 1 NTU. CDPH requires continuous
monitoring of the filter effluent with 15-minute recordings and has set other specific turbidity
limitations on the combined filter effluent, as well as reporting thresholds on the individual filter
effluent, based on the more frequent recordings.

Long Term 2 Enhanced Surface Water Treatment Rule

USEPA promulgated the LT2ESWTR on January 5, 2006 to provide additional Cryptosporidium
protection for drinking water consumers supplied from surface water sources. CDPH has started
the process to incorporate the provisions of the LT2ESWTR into Title 22. This regulation
requires public water systems using surface water sources to conduct source water monitoring to
determine if additional action is needed to reduce Cryptosporidium. Filtered systems are not
required to conduct source water monitoring if the system provides a total of at least 5.5-log of
treatment for Cryptosporidium. Public water systems serving at least 10,000 people are required
to sample their source water for Cryptosporidium, E. coli, and turbidity at least monthly for 24
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months. The SWP Contractors have completed this monitoring and met all of the sampling and
analytical requirements of the LT2ESWTR. A second round of source water monitoring is
required by all systems and must begin six years after initial bin classification. Final compliance
dates vary based on system size and range from April 2015 (for large systems) through October
2017 (for small systems).

Filtered water systems are classified in one of four bins based on their monitoring results, as
shown in Table 2-4. Systems can select from a wide range of treatment and management
strategies in the microbial toolbox to meet their additional treatment requirements. The microbial
toolbox contains various methods of achieving the additional treatment requirements including
watershed management, pretreatment, additional treatment, and optimizing existing treatment
processes. Table 2-5 provides a summary of the treatment requirements by bin classification and
filtration treatment type. Conventional filtration systems classified in Bins 2, 3 and 4 must
provide 1.0 to 2.5-log additional action for Cryptosporidium. Systems will select from a wide
range of treatment and management strategies in the "microbial toolbox™ to meet their additional
action requirements. Systems classified in Bin 3 and Bin 4 must achieve at least 1 log of
additional treatment using either one or a combination of the following: bag filters, bank
filtration, cartridge filters, chlorine dioxide, membranes, ozone, or UV light. SWP
Cryptosporidium monitoring results are discussed in Chapter 3.

Table 2-4. LT2ESWTR Bin Classification and Action Requirements

Bin Maximum Running Action Required
Classification Annual Average (log reduction)
(oocysts/L)
1 <0.075 none
2 0.075t0< 1.0 1
3 1.0t0<3.0 2
4 >3.0 2.5

Table 2-5. Treatment Requirements by Bin Classification

Filtration Treatment
Bin Conventional Slow Sand or Alternative
Classification | filtration (including Direct Filtration Diatomaceous Filtration
softening) Earth Filtration Technology
. No additional No additional No additional No additional
Bin1l
treatment treatment treatment treatment
. As determined by
Bin 2 1-log 1.5-log 1-log state
. e e e As determined by
Bin 3 2-log 2.5-log 2-log state®
. a a a As determined by
Bin 4 2.5-log 3-log 2.5-log state®

Systems must achieve at least 1-log through ozone, chlorine dioxide, UV, membranes, bag/cartridge
filters, or bank filtration.
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Arsenic Rule

The Final Arsenic Rule was promulgated by USEPA on January 22, 2001. The rule applies to
community and non-transient non-community water systems and sets an MCLG of 0 mg/L and
an MCL of 0.010 mg/L for arsenic. The federal MCL was in effect in California beginning
January 2006. OEHHA developed a PHG for arsenic of 0.004 pg/L in 2004, based on lung and
urinary bladder cancer risk. CDPH adopted a revised MCL for arsenic at the same level as the
USEPA, 0.010 mg/L, on November 28, 2008. The level of the arsenic MCL is important to the
SWP due to the storage of surplus supplies in groundwater basins and subsequent extraction of
the groundwater and conveyance in the California Aqueduct. Due to naturally occurring arsenic,
groundwater in the southern San Joaquin Valley exceeds the federal MCL in some cases. The
impact of groundwater inflows on water quality in the California Aqueduct is discussed in
Chapter 14.

Unrequlated Contaminant Program

The USEPA implements two programs to evaluate unregulated contaminants to determine if they
require regulation in drinking water. The first program is the Contaminant Candidate List (CCL),
which was promulgated as part of the 1996 SDWA Amendments. This provides a list of
chemical and microbial contaminants that may require possible future regulation. This list is
required to be updated every five years by the USEPA. At least five constituents must be
selected for evaluation and then the USEPA will provide regulatory determinations for the
selected constituents. The second program is the Unregulated Contaminant Monitoring Program
which identifies unregulated contaminants for which insufficient data exist. These contaminants
must be monitored by public water systems throughout the country. This is a tiered monitoring
program. These data are used to support the regulatory determinations in the CCL process.

The first CCL (CCL1) was published in 1998. Nine constituents were selected for evaluation and
in 2003 the USEPA determined that none required regulation. The second CCL (CCL2)
consisted of those constituents remaining on CCL1, including 42 chemical and 9 microbial
constituents. The USEPA selected 11 of these constituents for evaluation and determined in 2007
that none required regulation. However, it was determined that more information was needed for
perchlorate and methyl tert-butyl ether (MTBE). In February 2011 the USEPA determined that
perchlorate warrants regulation in drinking water. A proposed rule is expected in early 2013,
with a final by mid-2014. A revised risk assessment for MTBE is expected in 2011 and a
regulatory determination will be made after that. The third CCL (CCL3) included a newly
developed list of 104 chemicals, or chemical groups, and 12 microbial contaminants. It was
published in 2009. No regulatory determinations have been made yet.

The first Unregulated Contaminant Monitoring Regulation (UCMR) was published by the
USEPA in 1999 and included 26 contaminants. The regulation included 12 contaminants on List
1 (Assessment Monitoring) and 14 contaminants on List 2 (Screening Survey). The Assessment
Monitoring was conducted by all large public water systems serving more than 10,000 people,
and 800 representative small public water systems serving 10,000 or fewer people. Assessment
Monitoring was conducted by each system over a 12-month period between 2001 and 2003. The
Screening Survey monitoring was conducted by a randomly selected set of 300 large and small
public water systems. Screening Survey monitoring for chemical contaminants was conducted in
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2001 at selected small systems and in 2002 at selected large systems. Screening Survey
monitoring for the List 2 microorganism, Aeromonas, was conducted in 2003 for both large and
small selected systems.

The second UCMR was published by the USEPA in 2007. The Assessment Monitoring (List 1)
had 10 contaminants and the Screening Survey (List 2) had 15 contaminants, which included six
nitrosamines. Similar to the first UCMR, Assessment Monitoring was conducted by public water
systems serving more than 10,000 people and a representative sample of 800 public water
systems serving 10,000 or fewer people. The Screening Survey was conducted by all public
water systems serving more than 100,000 people, 320 selected systems serving 10,001 to
100,000 people, and 480 selected systems serving 10,000 or fewer people. Samples were
collected quarterly between January 2008 and December 2010 at the entry point of the
distribution system. The six nitrosamines were also analyzed in samples from the part of the
distribution system that had maximum residence time.

The proposed third UCMR was published in the Federal Register in March 2011. It includes
Assessment Monitoring (List 1) and Pre-screen Testing (List 3). Screening Survey monitoring
(List 2) is not proposed. All public water systems serving more than 10,000 people, and a
representative sample of 800 systems serving 10,000 or fewer people, would be required to
conduct Assessment Monitoring for 28 List 1 chemicals during a continuous 12-month period
from January 2013 through December 2015. In addition, a targeted group of 800 systems serving
1,000 or fewer people would be required to conduct Pre-Screen Testing for two List 3 viruses
during a 12-month period from January 2013 through December 2015. Comments were due on
May 2, 2011. The final rule is expected in 2012.

Revised Total Coliform Rule

The USEPA conducted a review of 69 existing drinking water regulations in April 2002. The
USEPA determined that only the Total Coliform Rule (TCR) was a candidate for revision. The
USEPA developed nine white papers on the most critical subjects. USEPA, along with the
American Water Works Association, prepared a series of ten TCR issue papers. USEPA used the
papers as information sources for discussions of distribution system water quality issues with the
drinking water community, experts, and stakeholders.

The USEPA met in January 2007 to seek information and analytical approaches for
characterizing risks posed by the distribution system and then established the TCR Distribution
System Advisory Committee under the Federal Advisory Committee Act to provide advice and
recommendations on how best to utilize available information for potential revisions to the TCR
and to address public health risks from contamination of distribution systems. The USEPA and
the TCR Distribution System Advisory Committee published an Agreement in Principle in
September 2008. This agreement provides the regulatory framework for an updated TCR. The
USEPA published Proposed Revisions to the TCR in July 2010.
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Some of the key topics in the Proposed Revisions to the TCR include:
e Applies to Community Water Systems and Non-community Water Systems.
e Establishes MCLG and MCL of zero for E. coli.
e Removes MCLG and MCL of zero for total coliform.
e Total coliform serves as an indicator of potential contamination into the distribution
system. If detected, assessments must be conducted to determine if any sanitary defects

exist and defects must be corrected.

e E. coli MCL violation results in requirement to conduct an assessment and correct any
sanitary defects found.

e Revision of routine and repeat monitoring requirements to match newer Groundwater
Rule requirements (related to water quality and system performance).

e Increased flexibility in repeat monitoring for total coliform positive to better increase
options for verifying and identifying extent of fecal contamination.

A final rule is expected in the fall of 2012. Compliance would be mandated within three years of
promulgation and CDPH would assume primacy by adopting a state version of this rule.

Six-Year Review

In March 2010, the USEPA published its Six Year Review of the National Primary Drinking
Water Regulations. This is an assessment of the existing 71 standards to determine if any of the
current standards are in need of a detailed analysis for possible regulatory revision. The USEPA
determined that 67 of the 71 existing standards do not need to be revised. Four constituents;
acrylamide, epichlorohydrin, trichloroethylene (TCE), and tetrachloroethylene (PCE), are all
candidates for possible regulatory revision. This will initiate a process for detailed analyses in
four categories to determine if the current standards should be revised. The analyses include:

Health effects assessment

Analytical and treatability feasibility assessment
Occurrence assessment

Cost and benefit assessment

There are health assessments in progress for acrylamide, TCE, and PCE, one has not yet been
initiated for epichlorohydrin. When the analyses are completed a regulatory revision
determination will be made for each constituent. This will likely take quite a few years to
complete.
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New Drinking Water Strateqy

In March 2010, the USEPA announced that it would be implementing a new regulatory strategy
for drinking water. There are four major components to the strategy:

Regulate contaminants as groups

Foster development of new drinking water treatment technologies
Use authority of multiple statutes to protect drinking water
Partner with states to share data

In the fall of 2010, the USEPA worked with the drinking water community to solicit input on the
key groups of water quality constituents which may be appropriate for regulation. Nine groups of
constituents were identified:

e Ready for regulatory consideration — carcinogenic volatile organic compounds (VOCs),
nitrosamines, and DBPs from chlorination.

e Future consideration with data gaps — perfluoronated compounds, organophosphates, and
carbamates.

e Long-term consideration with significant gaps and other issues — triazines,
chloroacetanilides, and cyanotoxins.

In February 2011, the USEPA announced that it will move forward with development of
regulatory standards for a group of carcinogenic VOCs. These are largely industrial
contaminants and include 16 VOCs, eight of which are already regulated. This includes TCE and
PCE, as recommended by the Six-Year Review process. The USEPA also announced
nitrosamine DBPs will be evaluated for possible regulation in the near-term as part of the CCL
Regulatory Determination process. Data from the second UCMR indicate that these compounds
are frequently being found in public water systems.

California Regulations

This discussion focuses on changes in California drinking water regulations that were initiated
by specific concerns in the state and not required by promulgation of new federal regulations.

Review of Maximum Contaminant Levels

CDPH is required to review its MCLs at least once every five years to ensure that California
MCLs are at least as stringent as federal MCLs and to determine if the MCLs are as close to the
PHGs as is technically and economically feasible. In 2006 CDPH revised the arsenic MCL
reducing it from 50 pg/L to 10 pg/L. In 2011 CDPH conducted a screening level review of all
contaminants for which PHGs had been established by 2010 (86 total) and a detailed review of
18 contaminants. The contaminants that received detailed review are listed in Table 2-6.
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Table 2-6. Contaminants Reviewed in 2011

. . . . . Synthetic Organic
Inorganic Chemicals Volatile Organic Chemicals Chemicals
Beryllium Benzene 1,2-Dibromo-3-
chloropropane (DBCP)

Cadmium Carbon tetrachloride Ethylene dibromide
Mercury 1,1-Dichloroethane
Nickel 1,2-Dichloropropane
Selenium 1,3-Dichloropropene
Thallium Styrene

Tetrachloroethylene (PCE)

1,1,2-Trichloroethane

Trichloroethylene (TCE)

Vinyl chloride

This list was developed by eliminating any contaminant that has an MCL lower than the PHG,
eliminating contaminants that had not been detected at or above the detection limit for purposes
of reporting (DLR) in at least one drinking water source between 2006 and 2009, and eliminating
those with recently revised MCLs. The DLR is the level at which CDPH is confident about the
quantity of contaminant being reported by analytical laboratories. CDPH did not recommend
revision of most of the MCLs due primarily to a lack of information on changes in treatment
techniques, no new public health risk information, few detections in drinking water sources, and
the inability to set an MCL below the DLR. CDPH acknowledged that PCE and TCE were
frequently detected in drinking water sources. CDPH intends to examine the PCE detections, as
resources allow, and to develop a cost benefit analysis of possible MCL revisions. This will
likely be done in conjunction with an analysis of TCE. CDPH has identified styrene for further
review of the MCL based on new risk to public health by the cancer-based PHG, as resources
allow. CDPH previously considered DBCP as a candidate for possible MCL revision but
concluded that reduction of the current MCL would not be economically feasible.

Perchlorate

Perchlorate interferes with iodide uptake by the thyroid gland. lodide is a key component of
thyroid hormone, which is required for a variety of basic human physiological functions. By
blocking iodide uptake, perchlorate can potentially cause a decreased production of this
hormone. Perchlorate has been found in groundwater wells throughout the state and in the
Colorado River. OEHHA published a final PHG for perchlorate of 6 pg/L in March 2004. CDPH
subsequently published a final MCL of 6 pg/L in July 2007. OEHHA proposed a revised PHG of
1 pg/L in January 2011. The primary difference between the 2004 PHG and the proposed PHG is
that the 2004 PHG focused on pregnant women and their fetuses as the primary susceptible
population, whereas the proposed PHG focuses on infants. Exposure to perchlorate can affect
infant brain development, growth, and other body functions. Comments on the draft PHG were
due on February 23, 2011. OEHHA published the results of an external peer review in November
2011 and is currently developing a revised draft PHG for public review.
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On February 11, 2011, USEPA announced that it will develop a regulation for perchlorate under
the SDWA. This announcement reversed a 2008 decision to not regulate perchlorate. A proposed
rule is expected in February 2013 with a final rule by August 2014.

Chromium (V1)

Chromium (VI), or hexavalent chromium, causes acute gastritis when ingested in high doses and
is an established human lung carcinogen when inhaled. Chromium (V1) has been found in
groundwater supplies in California. Chromium (V1) is currently regulated as part of the 50 pg/L
MCL for total chromium. OEHHA recommended a PHG for chromium (VI) of 0.2 pg/L in a
2005 “pre-release” draft. In 2008, the National Toxicology Program finalized a two-year
drinking water study of Cr (V1) that reported intestinal tumors in mice and oral cavity tumors in
rats. After reviewing the results of the National Toxicology Program study, OEHHA proposed a
new PHG of 0.06 pg/L in August 2009. An external scientific peer review was conducted. In
December 2010, OEHHA published a second draft of the proposed PHG reducing it to 0.02
Mo/L. The lower PHG is based on early-in-life exposures for cancer potency. Comments on the
draft PHG were due on February 15, 2011. OEHHA published the final PHG of 0.02 pg/L in
July 2011. CDPH is developing an MCL with a draft expected in 2014 and a final in 2015.

Assembly Bill (AB) 403, as introduced in February 2011, resets the current January 1, 2004
deadline by which CDPH is required to establish an MCL for hexavalent chromium, to January
1, 2013. In addition, the introduced version of AB 403 made the MCL equivalent to the PHG if
CDPH fails to meet the new deadline. The bill was amended to remove the above provisions and,
in its current form, merely requires CDPH to post its progress toward establishing the MCL on
its website and makes the adoption of the MCL subject to the 90-day expedited review process at
the Department of Finance. AB 403 passed both the Assembly and the Senate and returned to the
Assembly for concurrence in a technical amendment made in the Senate. The author chose to
place the bill on the Assembly Inactive File, from which it can be removed and acted upon any
time before the end of the 2012 legislative year, which typically would occur at the end of
August.

In a parallel effort, the USEPA is now recommending that water systems conduct enhanced
monitoring for hexavalent chromium. For surface water supplies this includes quarterly sampling
of the raw water, the entry point to the distribution system, and locations in the distribution
system.

Total Trihalomethanes

Trihalomethanes are carcinogenic byproducts formed in treated drinking water when organic
matter and bromide in the source water react with chlorine in the disinfection process. As
discussed previously, USEPA has established an MCL of 80 pg/L for TTHM. OEHHA issued a
draft PHG of 0.8 pg/L for TTHM in September 2010. Health protective values were established
for each of the four THM species (chloroform — 1 pg/L, bromodichloromethane — 0.4 pg/L
dibromochloromethane — 0.7 pg/L, and bromoform — 5 pg/L). The proposed PHG is based on the
health protective values and the mean concentrations of the four individual THM species in
California drinking water. Comments were due on the proposed PHG by October 11, 2010.
OEHHA is in the process of establishing the final PHG.

Final Report 2-13 June 2012



California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

Notification and Response Levels

CDPH has established health based notification levels for contaminants that have no MCLs but
are thought to pose a risk to drinking water supplies. Notification levels have been established in
response to detection in drinking water supplies or in anticipation of possible contamination.
Chemicals for which notification levels are established may eventually be regulated by MCLs.
To date, 39 of the 93 chemicals for which notification levels have been established, are now
regulated by MCLs. Of the remaining 54 chemicals, 30 currently have notification levels, as
shown in Table 2-7, and 24 are chemicals with archived advisory levels, as shown in Table 2-8.
Notification levels are calculated using standard risk assessment procedures. If a chemical is
present in a water supply at a concentration that exceeds the notification level, the water system
must inform the local governing bodies. CDPH recommends these detects be reported in the
annual Consumer Confidence Report by the water system. If a chemical is present at the
response level concentration, CDPH recommends taking the source out of service. If the drinking
water system does not take the source out of service, more extensive public notification is
required. The same action is required for archived advisory levels.

Potential Actions

Individual SWP Contractors and CDPH should Keep MWQI Informed of Regulatory
Developments that may Impact the MWQI Monitoring Program or Lead to Special
Studies.

Individual SWP Contractors, CDPH, and water organizations such as ACWA and CUWA track
regulatory development for their members. While there is no need for SWPCA to track the
pending regulations, individual SWP Contractors and CDPH should keep MWQI apprised of any
developments that could impact the monitoring program or special studies.
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Table 2-7. Notification and Response Levels

Contaminant Notification Response
Level (mg/L) | Level (mg/L)

Boron 1 10
n-Butylbenzene 0.26 2.6
sec-Butylbenzene 0.26 2.6
tert-Butylbenzene 0.26 2.6
Carbon disulfide 0.16 1.6
Chlorate 0.8 8
2-Chlorotoluene 0.14 1.4
4-Chlorotoluene 0.14 1.4
Diazinon 0.0012 0.012
Dichlorodifluoromethane (Freon 12) 1 10
1,4-Dioxane 0.001 0.035
Ethylene glycol 14 140
Formaldehyde 0.1 1
Octahydro-1,3,5,7-tetranitro-1,3,5,7- 0.35 3.5
tetrazocine (HMX)
Isopropylbenzene 0.77 7.7
Manganese 0.5 5
Methyl isobutyl ketone (MIBK) 0.12 1.2
Naphthalene 0.017 0.17
N-Nitrosodiethylamine (NDEA) 0.00001 0.0001
N-Nitrosodimethylamine (NDMA) 0.00001 0.0003
N-Nitrosodi-n-propylamine (NDPA) 0.00001 0.0005
Propachlor 0.09 0.9
n-Propylbenzene 0.26 2.6
Hexahydro-1,3,5-trinitro-1,3,5triazine 0.0003 0.03
(RDX)
Tertiary butyl alcohol (TBA) 0.012 1.2
1,2,3-Trichloropropane 0.000005 0.0005
1,2,4-Trimethylbenzene 0.33 3.3
1,3,5-Trimethylbenzene 0.33 3.3
2,4,6-Trinitrotoluene (TNT) 0.001 0.1
Vanadium 0.05 0.5
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Table 2-8. Archived Advisory and Response Levels

Chemical Archived Advisory Response Level
Level (mg/L) (mg/L)
Aldicarb 0.007 0.07
Aldrin 0.000002 0.0002
Baygon 0.03 0.3
a-Benzene Hexachloride 0.000015 0.0015
b-Benzene Hexachloride 0.000025 0.0025
Captan 0.015 15
Carbaryl 0.7 7
Chloropicrin 0.05 0.5
Chlorpropham (CIPC) 1.2 12
1,3-Dichlorobenzene 0.6 6
Dieldrin 0.000002 0.0002
Dimethoate 0.001 0.01
2,4-Dimethylphenol 0.1 1
Diphenamide 0.2 2
Ethion 0.004 0.04
Malathion 0.16 1.6
N-Methyl dithiocarbamate 0.00019 0.019
(Metam sodium)
Methylisothiocyanate 0.19 1.9
Methyl parathion 0.002 0.02
Parathion 0.04 0.4
Pentachloronitrobenzene 0.02 0.2
Phenol 4.2 42
2,3,5,6-Tetrachloroterephthalate 3.5 35
Trithion 0.007 0.07

SOURCE WATER PROTECTION REGULATIONS

Protection of source water quality is a key component of the multiple barrier approach to
providing safe drinking water to customers. The Dickey Water Pollution Act of 1949 created the
State Water Pollution Control Board and nine Regional Water Boards. In the early 1960s this
was renamed the State Water Quality Control Board. In 1967, the legislature recognized the
overlap of the water pollution and water rights activities and merged the State Water Quality
Control Board with the State Water Rights Board to make the State Water Resources Control
Board (State Water Board). The California State Legislature passed the Porter- Cologne Water
Quality Control Act in 1969 to protect water quality throughout the state. In 1972 Congress
passed the Federal Water Pollution Control Act (now known as the Clean Water Act [CWA]).
The State Water Board and the nine Regional Water Boards are charged with implementing both
the federal and state water quality regulations. The Central Valley Regional Water Quality
Control Board (Central Valley Regional Water Board) is responsible for protecting water quality
in the Sacramento and San Joaquin basins, the source waters for the SWP, and in the Tulare
Basin, which occasionally provides water to the SWP. The State Water Board adopts Water
Quality Control Plans and Water Quality Policies to protect water quality throughout the state.
Key plans and policies that protect drinking water source quality and recent changes in source
water protection are discussed in this section.
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State Plans and Policies

The State Water Board adopted the San Francisco Bay/Sacramento-San Joaquin Delta Water
Quality Control Plan (Bay-Delta Water Quality Control Plan). In addition, there are several
policies that have been adopted by the State Water Board that must be implemented in the
Sacramento and San Joaquin basins by the Central Valley Regional Water Board.

San Francisco Bay/Sacramento-San Joaquin Delta Water Quality Control Plan

The original Bay Delta Water Quality Control Plan was adopted in 1978, revised in 1991, and
then substantially revised in 1995. The water quality and flow objectives for the Delta were
substantially changed in the 1995 Plan. The State Water Board adopted Water Rights Decision
1641 to implement the objectives. The State Water Board made minor revisions to the 1995 Plan
and adopted a new plan in 2006.

The Bay Delta Water Quality Control Plan establishes water quality control measures that
protect the beneficial uses of San Francisco Bay and the Delta, that require control of salinity
(caused by seawater intrusion, municipal discharges, and agricultural drainage) and water project
operations (flows and diversions). The plan contains specific numeric standards for Delta inflow
and outflow, and standards for chloride and electrical conductance (EC) at various locations in
the Delta. The California Department of Water Resources (DWR) and the U.S. Bureau of
Reclamation (Reclamation) are responsible for meeting the flow objectives; salinity objectives
are met through a combination of flow and salinity control measures.

The State Water Board initiated its periodic review of the 2006 Bay-Delta Plan in August 2008,
by issuing a notice of a public workshop to receive comments on potential modifications of the
Bay-Delta Plan. The workshop was held in October 2008. In February 2009, the State Water
Board issued a Notice of Preparation for the update of the Bay-Delta Plan, indicating that the
update would be conducted in four phases:

e Bay-Delta Plan review and update of the San Joaquin River flow and southern Delta
salinity objectives and their program of implementation

e Amendment of water rights and other measures to implement the San Joaquin River flow
and southern Delta salinity objectives

e Review and update of other components of the Bay-Delta Plan and their program of
implementation

e Amendment of water rights and other measures to implement other components of the
Bay-Delta Plan

As discussed in the Policy Setting of this chapter, the Sacramento-San Joaquin Delta Reform Act
of 2009 (Delta Reform Act) was approved by the legislature and signed by Governor
Schwarzenegger in November 2009. This Act mandated that the State Water Board approve new
flow criteria by August 2010 for the Delta ecosystem that are necessary to protect public trust
resources.
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The San Joaquin River flows and southern Delta salinity objectives and the comprehensive
review of other elements of the Bay-Delta Plan are discussed in the following sections.

San Joaquin River Flows and Southern Delta Salinity Objectives

The State Water Board held a number of public workshops from 2009 to 2011 and issued a
report on salt tolerance of crops in the southern Delta (Hoffman, 2010) and a draft and final
technical report providing the scientific information that will be considered in developing the
objectives (State Water Board, 2010 and 2011). The final technical report contains the proposed
basin plan amendment language. The existing numeric San Joaquin River flow objectives at
Vernalis are proposed to be replaced by a narrative objective that calls for flows to be maintained
at levels that support viable fish populations migrating through the Delta and that more closely
mimic the natural hydrograph. The State Water Board proposed minor changes to the southern
Delta salinity standards that will be further refined before the final proposal is released and
proposed a new narrative objective to maintain water levels and circulation conditions to protect
agricultural beneficial uses. The State Board requested that an external peer review be conducted
of both the crop salt tolerance report (Hoffman, 2010) and the final technical report (State Water
Board, 2011). Five peer reviewers were identified and they completed their reviews in mid-
November 2011.

The State Board released the technical and economic appendices on February 24, 2012 and will
release the draft environmental documents in the spring of 2012. The environmental documents
will contain the basin plan amendment language that will be submitted to the State Water Board
at an adoption hearing. The San Joaquin River flow objectives and south Delta salinity standards
will be completed by the fall of 2012

Comprehensive Review of Other Elements of the Bay-Delta Plan

In August 2009, the State Water Board published a Staff Report on the Periodic Review of the
2006 Plan. Staff recommended further review in the basin planning process of the following:

Delta outflow objectives

Export/inflow objectives

Delta Cross Channel gate closure objectives

Suisun Marsh objectives

Reverse flow objectives

Floodplain habitat flow objectives

Changes to the monitoring and special studies program
Other changes to the program of implementation

The State Water Board staff has indicated they will also consider the flow criteria in the
comprehensive review of the Bay-Delta Plan.

The State Water Board issued a supplemental Notice of Preparation on January 24, 2012 seeking
public input on the issues to address in the comprehensive review. The State Water Board held
an informational item on February 21, 2012 to receive comments on the schedule for updating
the Bay-Delta Plan. A series of scoping meetings will be held during the summer and fall of
2012. The comprehensive review will be completed by the summer of 2013.
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Antidegradation Policy

In 1968 the State Water Board adopted Resolution No. 68-16, “Starement of Policy With Respect
to Maintaining High Quality of Waters in California,” known as the Antidegradation Policy.
Under the Antidegradation Policy, whenever the existing quality of water is better than that
needed to protect existing and probable future beneficial uses, such existing high quality is to be
maintained until it is demonstrated to the state that any change in water quality will be consistent
with the maximum benefit to the people of the state; will not unreasonably affect present or
probable future beneficial uses; and will not result in water quality less than prescribed in state
policies. The effect of this policy is to define a range of water quality between natural
background levels and water quality objectives that must be maintained. The policy also
specifies that discharges of waste to existing high quality waters are required to use “best
practicable treatment or control” to protect the high quality water.

In November 2008 the State Water Board initiated a review of the Antidegradation Policy. This
included a public meeting and submittal of comments on the policy. Over 30 comments were
received and staff has yet to publish a response or summary of those comments. Eventually staff
will prepare a recommendation to the State Water Board, but at this time the work has been
delayed due to petitions.

Sources of Drinking Water Policy

In 1988 the State Water Board adopted Resolution No. 88-63, Adoption of Policy Entitled
“Sources of Drinking Water.” This policy specifies that, except under specifically defined
circumstances, all surface water and groundwater of the state are to be protected as existing or
potential sources of municipal and domestic supply, unless this beneficial use is explicitly
excluded in a Water Quality Control Plan. The policy lists the following circumstances under
which surface waters may be excluded from the municipal and domestic supply beneficial use:

e Waters with total dissolved solids (TDS) concentrations greater than 3,000 mg/L.

e Water with contamination, unrelated to a specific pollution incident, which cannot
reasonably be treated for domestic use.

e Water in systems designed to collect or treat municipal or industrial wastewater, process
water, mining wastes, or stormwater runoff.

e Water in systems designed for the primary purpose of conveying or holding agricultural
drainage.

This policy was amended by the State Water Board in February 2006 (Resolution No. 2006-
0008) to add a site-specific exclusion for Old Alamo Creek, which receives effluent from the
City of Vacaville’s wastewater treatment plant.
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Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays,
and Estuaries of California

USEPA promulgated water quality criteria for toxic contaminants in the National Toxics Rule in
1992 and the California Toxics Rule (CTR) in 2000. The CTR covers 127 priority pollutants and
includes criteria for the protection of human health and aquatic life. The human health criteria
are derived for drinking water sources considering exposure from consumption of both water and
fish that had lived in the water. The Policy for Implementation of Toxics Standards for Inland
Surface Waters, Enclosed Bays, and Estuaries of California, adopted by the State Water Board
in March 2000, establishes state policy implementing numeric toxic pollutant criteria and
objectives for inland surface waters and enclosed bays and estuaries. This was amended by the
State Water Board in February 2005 (Resolution No. 2005-0019) to include the following
changes:

e Allow water effects ratios to be established in individual National Pollutant Discharge
Elimination System (NPDES) permits, rather than in the basin planning process as
currently required.

e Eliminate the reasonable potential trigger for situations where ambient background
pollutant concentrations are greater than a priority pollutant objective or criterion.

e Make non-regulatory language corrections to improve clarity.
e Add mutual water companies to section 5.3 (exceptions).

Some of the human health criteria in the CTR are more stringent than drinking water MCLs
because economics and treatment feasibility are not considered. For example, the CTR requires
compliance with individual trihalomethane criteria, listed in Table 2-9. Similarly, the criterion
for N-Nitrosodimethylamine (NDMA) is 0.00069 pg/L, which is well below the drinking water
notification level and method detection limit. The result is that some dischargers, particularly
those that discharge to effluent dominated waterways, have to discharge water with lower
concentrations of trihalomethanes than required in drinking water. This policy has ramifications
for water providers implementing recycled water programs and groundwater recharge programs.

Table 2-9. California Toxics Rule Criteria and
Maximum Contaminant Levels for Trihalomethanes

THM Species® Criterion (ug/L) | MCL (ug/L)
Bromodichloromethane 0.56 -
Dibromochloromethane 0.401 -
Bromoform 4.3 -
TTHM - 80

®The CTR did not establish a criterion for chloroform.
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Recycled Water Policy

In February 2009 the State Water Board adopted the Recycled Water Policy. The purpose of the
Policy is to increase the use of recycled water from wastewater sources, while still implementing
state and federal water quality laws. Four goals were adopted, including;

e Increase recycled water use over 2002 levels by at least one million acre-feet per year
(acre-feet/year) by 2020 and by at least two million acre-feet/year by 2030.

e Increase stormwater use over 2007 levels by at least 500,000 acre-feet/year by 2020 and
by at least one million acre-feet/year by 2030.

e Increase water conservation in urban and industrial uses over 2007 levels by at least 20
percent by 2020.

e Substitute as much recycled water for potable water as possible by 2030.

In addition, three mandates were identified, contingent upon the availability of sufficient capital
funding, including:

e Increase use of recycled water by 200,000 acre-feet/year by 2020 and an additional
300,000 acre-feet/year by 2030. This will be reviewed and revised in 2012 and 2016.

e Agencies producing recycled water shall make it available to water purveyors on
reasonable terms and conditions.

e It will be considered a waste and an unreasonable use of water for water purveyors not to
use recycled water when it is available.

The Policy clearly identifies the roles of the State Water Board, Regional Boards, CDPH, and
DWR in the jurisdiction over the use of recycled water and provides information on specific
criteria to be used by the State Water Board and Regional Boards to issue permits for recycled
water projects. All projects must meet state and federal water quality laws. The policy has been
designed to allow for streamlining of the permitting requirements and increasing statewide
consistency in permits. Some of the key specific requirements of the Policy include;
development of salt and nutrient management plans for all groundwater basins/sub-basins in the
State by 2014, permitting of landscape irrigation projects, permitting of groundwater recharge
projects, compliance with the Antidegradation Policy (Resolution No. 68-16), evaluation of
constituents of emerging concern (CECs), and incentives for use.

The State Water Board convened a Science Advisory Panel to provide monitoring strategies for
CECs in recycled water and a Final Report was published in June 2010. This report provided
information needed to develop monitoring plans to assess the potential threats to groundwater
from recycled water use via surface spreading and direct injection. This included a conceptual
framework to select CECs to monitor, provided an immediate list based on currently available
information, a sample plan design and data analysis suggestions, as well as priorities for
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improvements in the CEC investigations. In November 2010, a Staff Report was published
which provided the recommendations for CEC monitoring of recycled water projects. This
included monitoring of four health-based constituents (NDMA, 17 beta-estradiol, caffeine, and
triclosan), four performance-based constituents (gemfibrozil, iopromide, sucralose, and N,N-
Diethyl-meta-toluamide [DEET]), four surrogates (ammonia, dissolved organic carbon [DOC],
EC, and turbidity), as well as 15 additional chemical constituents at the request of CDPH.

Aquatic Pesticides

The use of selected aquatic pesticides, applied directly to water, is regulated under four
Statewide General NPDES Permits.

e Weed Control — Discharge of Aquatic Pesticides for Aquatic Weed Control in Waters of
the U.S. (WQO-2004-0009-DWQ) was adopted by the State Water Board in May 2004,
with minor modifications in June 2006. This Permit includes coverage for discharges
containing 2,4-Dichlorophenoxyacetic acid (2,4-D), acrolein, copper, diquat, endothall,
fluridone, glyphosate, imazapyr, sodium carbonate peroxyhydrate, and triclopyr. This
permit expired in May 2009, but remains in effect until a new permit is adopted.

e Vector Control — Biological and Residual Pesticide Discharges to Waters of the U.S.
from Vector Control Applications (Water Quality Order No. 2011-0002-DWQ) was
adopted by the State Water Board in March 2011. This General Permit covers the direct
and spray application of larvicides (monomolecular films, methoprene, Bacillus
thuringiensis subspecies isralensis, Bacillus sphaericus, temephos, petroleum distillates,
and spinosad) and adulticides (malathion, naled, pyrethrin, permethrin, resmethrin,
sumithrin, prallethrin, piepronyl butoxide, etofenprox, and N-octyl bicycloheptene
dicarboximide) currently registered in California for use for vector control.

e Aguatic Animal Invasive Species Control — Residual Pesticide Discharges to Waters of
the U.S. from Aquatic Animal Invasive Species Control Applications (Water Quality
Order No. 2011-0003-DWQ) was adopted by the State Water Board in March 2011.
Users of products containing sodium hypochlorite (used for control of aquatic mollusks)
are required to obtain coverage under this General Permit prior to application. The
applicant is required to prepare an Aquatic Pesticide Application Plan which identifies
best management practices (BMPs) including compliance with all pesticide label
instructions.

e Spray Applications — Biological and Residual Pesticide Discharges to Waters of the U.S.
from Spray Applications (Water Quality Order No. 2011-0004-DWQ) was adopted by
the State Water Board in March 2011. This General Permit covers spray application
activities of the California Department of Food and Agriculture and the U.S. Forest
Service for discharges containing acetaminiprid, aminopyralid, Bacillus thuringiensis
kurstaki (Btk), carbaryl, chlorsulfuron, clopyralid, cyfluthrin, dinotefuran, glyphosate,
imazapyr, imidacloprid, malathion, naled, nuclear polyhedrosis virus, pheromone,
pyrethrins, Spinosad A and D, tricholpyr butoxyethyl ester and triclopyr triethylamine
salt.
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In November 2006, USEPA adopted a final regulation that adds pesticide application at, on, or
near waters of the U.S. to the list of discharges that do not require NPDES permits. In January
2009 the Sixth Circuit Court determined that the USEPA Final Rule is not a reasonable
interpretation of the CWA and vacated the Final Rule. In June 2009, the Sixth Circuit granted a
motion for a two-year stay of the lawsuit, and the USEPA exemption remained in effect until
April 9, 2011 to allow time for USEPA and state agencies to develop new NPDES permits to
cover the pesticide applications included in the decision. On March 28, 2011, USEPA’s request
to extend the stay was granted until October 31, 2011.

On October 31, 2011, USEPA issued a final NPDES Pesticide General Permit for discharges of
pesticide applications to U.S. waters. The final permit covers operators who apply pesticides that
result in discharges from the following uses: (1) mosquito and other flying insect pest control;
(2) weed and algae control; (3) animal pest control; and (4) forest canopy pest control. This
general permit provides coverage to areas where USEPA is the permitting authority. It does not
apply in most areas of California since the State Water Board has issued general permits
covering these activities. It does apply on tribal lands which are under USEPA’s jurisdiction.

In addition, H.R. 872, the Reducing Regulatory Burdens Act of 2011 was introduced in March
2011. This bill prohibits the USEPA or any state from requiring an NPDES permit for a
discharge from a point source of a pesticide, or residue of a pesticide, regulated by the Federal
Insecticide Fungicide and Rodenticide Act (FIFRA). H.R. 872 passed the House of
Representatives on March 31, 2011 and was approved by the Senate Agriculture, Nutrition, &
Forestry Committee on June 21, 2011. The bill has been on the Senate Legislative Calendar since
June 21, 2011. If this bill becomes law, it could obviate the need for NPDES permits for aquatic
pesticides since FIFRA requirements would supersede those in the CWA.

Proposed Policy for Nutrients for Inland Surface Waters of the State of California

In October 2011, the State Water Board convened a California Environmental Quality Act
scoping meeting on a proposed Statewide Nutrient Policy for Inland Surface Waters. The policy
will include water quality objectives and establish control strategies for nutrients. The purpose of
this meeting was to solicit early public consultation on the policy development, outline the
environmental considerations of nutrients, and present the alternatives for developing objectives,
implementation, and monitoring.

Currently, the options include no action, adopting the USEPA Recommended Nutrient Criteria,
or adopting a Statewide Nutrient Policy based on the Nutrient Numeric Endpoint (NNE)
Approach. The NNE Approach evaluates the relative risk of the nutrients causing eutrophication
to the beneficial uses and allows for more site-specific objectives/translators to be developed.
The State Water Board has identified the State Nutrient Policy using the NNE Approach as their
preferred option. Comments from the scoping meeting were due in November 2011 and staff is
working on preparation of a Public Draft Policy. This is expected to be ready for public review in
the second half of 2012 and presented to the State Water Board in the fall 2012. Adoption of a
final Nutrient Policy is expected in 2013.
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Central Valley Plans and Programs

The Central Valley Regional Water Board is responsible for protecting water quality in the
Sacramento, San Joaquin, and Tulare basins. In the last five years, point source dischargers have
continued to face increasingly stringent regulations and more prescriptive NPDES permits. The
Central Valley Regional Water Board has also continued to focus on regulating nonpoint source
discharges.

Water Quality Control Plan for the Sacramento River and San Joaquin River Basins

The Central Valley Regional Water Board adopted the Water Quality Control Plan for the
Sacramento River and San Joaquin River Basins (Basin Plan) in 1975, and has periodically
updated the plan. The Basin Plan designates beneficial uses and water quality objectives for
waters of the Sacramento and San Joaquin basins and contains an implementation plan for
achieving the water quality objectives. Water quality standards consist of both the beneficial use
and the water quality objectives (water quality criteria in the federal regulations) to protect the
use. To protect both existing and potential future beneficial uses, water quality standards
normally apply throughout the bodies of surface water and groundwater for which they were
established rather than at points of current water use or withdrawal. The Basin Plan designates
many waterways in the Sacramento and San Joaquin basins with the municipal and domestic
supply (MUN) beneficial use. Due to the large number of small streams and creeks that flow into
major waterways in the Sacramento and San Joaquin basins, it is not possible to designate
specific beneficial uses for each waterway. The Central Valley Regional Water Board relies on
the Sources of Drinking Water Policy and the Tributary Statement to establish the MUN
beneficial use for waterways not specifically mentioned in the Basin Plan. The Tributary
Statement simply states that beneficial uses of any specifically identified water body generally
apply to its tributary streams. The Central Valley Regional Water Board applied the Sources of
Drinking Water Policy to all water bodies that are not specifically listed in the Basin Plan. This
includes small tributaries, effluent dominated waterways, agricultural dominated waterways, and
agricultural drains.

The Basin Plan for the Sacramento and San Joaquin basins contains both numeric and narrative
water quality objectives to protect the MUN beneficial use, as well as other beneficial uses.
Numeric objectives are established for bacteria, EC, TDS, turbidity, dissolved oxygen (DO), pH,
pesticides, temperature, and trace elements. Many of the numeric objectives are specific to
individual waterbodies and were established to protect aquatic life. The fecal coliform bacteria
objectives were established to protect contact recreational use, rather than MUN. The fecal
coliform objective is a 30-day geometric mean of 200 MPN/100 ml and no more than 10 percent
of the samples in a 30-day period can exceed 400 MPN/100ml. MCLs established by CDPH are
incorporated into the Basin Plan as numeric objectives for the protection of the MUN beneficial
use. The narrative water quality objectives are listed below:

e Chemical Constituents — Waters shall not contain chemical constituents in concentrations
that adversely affect beneficial uses.

e Taste and Odor — Water shall not contain taste or odor-producing substances in
concentrations that impart undesirable tastes or odors to domestic or municipal water
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supplies or to fish flesh or other edible products of aquatic origin, or that cause nuisance
or otherwise adversely affect beneficial uses.

e Sediment — The suspended sediment load and suspended sediment discharge rate of
surface waters shall not be altered in such a manner as to cause nuisance or adversely
affect beneficial uses.

e Suspended Material — Water shall not contain suspended material in concentrations that
cause nuisance or adversely affect beneficial uses.

e Toxicity — All waters shall be maintained free of toxic substances in concentrations that
produce detrimental physiological responses in human, plant, animal, or aquatic life. This
objective applies regardless of whether the toxicity is caused by a single substance or the
interactive effects of multiple substances.

Under current regulations, once water quality objectives are adopted into an approved Basin
Plan, the Central Valley Regional Water Board is responsible for ensuring compliance with the
objectives through adoption of discharge permits and implementation of other water quality
control programs. Point source discharges to surface waters, such as wastewater treatment plants
and industries, are regulated under NPDES permits. NPDES permits, excluding stormwater
permits, normally include effluent and receiving water limits to protect the beneficial uses of the
receiving water. Urban runoff dischargers are also required to obtain NPDES permits, but they
are not assigned effluent limitations. Urban runoff permits require the discharger to implement
BMPs to reduce pollutant loadings to the maximum extent practicable.

The Central Valley Regional Water Board regulates nonpoint source discharges through waste
discharge requirements, conditional waivers, or discharge prohibitions. Nonpoint source
regulation typically entails discharger implementation of BMPs to control pollutant sources.
Agricultural discharges are currently regulated as an interim program under a conditional waiver,
but will soon be converted to a long-term program. More detail on the specifics of these control
programs is provided in the following sections.

Section 303(d) of the Clean Water Act requires the identification of waterbodies that do not
meet, or are not expected to meet, water quality standards (i.e., impaired waterbodies). These are
then prioritized in the 303(d) List. A total maximum daily load (TMDL) must be developed for
each listing. In 2008, California began integrating the 303(d) List of Impaired Waters and the
305(b) Water Quality Assessment Report into a single report (Integrated Report). The California
2008-2010 Integrated Report was approved by the State Water Board in August 2010 and
approved by USEPA in October 2011. This Integrated Report can be viewed through an
interactive map on the State Water Board website.

Total Maximum Daily Loads

The Clean Water Act section 303(d) requires that states develop a list of waters that are not
attaining water quality standards and that they develop TMDLs for each constituent that results
in the exceedance of a standard. The TMDLs generally consist of a maximum allowable load of
a water quality constituent that will allow the water quality standard to be met. The load is
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allocated to both point and non-point sources contributing to the water quality standard
exceedance. TMDLs have been established for cadmium, copper, zinc, diazinon, chlorpyrifos,
nutrients, and mercury in various reaches of the Sacramento River Basin. In the San Joaquin
Basin, TMDLs have been established for DO, selenium, diazinon, chlorpyrifos, salt, boron, and
pathogens. The Central Valley Regional Water Board is currently developing additional mercury
and DO TMDLs, a Central Valley TMDL for diazinon and chlorpyrifos and is planning to work
on a Central Valley TMDL for pyrethroid pesticides in the near future. The TMDLSs for drinking
water constituents addressed in this sanitary survey are briefly described.

San Joaquin River Salt and Boron TMDL

The Central Valley Regional Water Board adopted a TMDL for salt and boron in the San
Joaquin River in 2004. The TMDL was adopted by the State Water Board in 2005 and by the
USEPA in February 2007. This TMDL requires that the existing water quality objectives for EC
of 700 uS/cm during the irrigation season and 1,000 uS/cm during the non-irrigation season be
met in the San Joaquin River at Vernalis. The San Joaquin River Water Quality Management
Group, consisting of stakeholders in the San Joaquin Basin, is working cooperatively to meet the
water quality objectives.

A Management Agency Agreement was signed between Reclamation and the Central Valley
Regional Water Board in December 2008 to address salt loads from the Delta Mendota Canal. A
Salinity Management Plan was prepared at that time and was subsequently updated in November
2010. The Action Plan focuses on providing flows to the system, reducing salt load to the river,
and facilitating mitigation.

Clear Lake Nutrient TMDL

Clear Lake drains to the Yolo Bypass, which flows into the Sacramento River in the western
Delta. Blue-green algae (cyanobacteria) blooms have impaired Clear Lake for a number of years.
The Central Valley Regional Water Board adopted a TMDL in June 2006 that limits the
phosphorus load and establishes a target of 73 pg/L of chlorophyll a in Clear Lake. This was
adopted by the State Water Board in April 2007 and by the USEPA in September 2007.

In 2008 the responsible parties identified in the TMDL developed a Workplan and Monitoring
Plan. This lists BMPs for each contributing source and provides a monitoring program to track
progress. Most of the BMPs are implemented through other regulatory programs, such as the
Irrigated Lands Program for agricultural contribution and NPDES permits for wastewater and
stormwater discharges. An update on the program is scheduled to be provided to the Regional
Board by staff in the fall of 2012.

Stockton Urban Water Bodies Pathogen TMDL

The TMDL addresses pathogen impairment in Five Mile Slough, Lower Calaveras River,
Mormon Slough, Mosher Slough, Smith Canal, and Walker Slough. Implementation of this
TMDL is conducted through the City of Stockton’s MS4 Permit (Order No. R5-2007-0173) and
associated Pathogen Plan. The TMDL was adopted by the Central Valley Regional Water Board
in March 2008. It was subsequently adopted by the State Water Board in April 2008 and
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approved by the USEPA in May 2008. The TMDL sets numeric limits for fecal coliform and E.
coli, in accordance with body contact objectives.

Implementation of the TMDL is conducted through the City of Stockton’s Urban Runoff Permit
and associated Pathogen Plan (see discussion in Chapter 13).

Wastewater Discharges

Municipal and industrial wastewater dischargers are required to obtain NPDES permits and the
permits are reviewed and readopted by the Central Valley Regional Water Board every five years
or whenever there is a proposed change in discharge quality or quantity that is not included
within the existing permit. As described previously, the beneficial uses and receiving water
objectives to protect those uses are established in the Basin Plan. The Central Valley Regional
Water Board establishes effluent limitations for wastewater dischargers based on the beneficial
uses and the water quality objectives of the water body that receives the discharge and the state’s
antidegradation policy. There are specific steps necessary to determine whether a discharge
permit needs a limit for a constituent and if so, what the limit should be. To determine a permit
limit the Central Valley Regional Water Board determines whether a discharge has a reasonable
potential to cause or contribute to an exceedance of a receiving water objective for a particular
constituent or parameter, identifies the water quality objectives for the protection of the
beneficial uses that have been designated for the receiving water body, and selects criteria
(numerical water quality objectives or water quality goals that implement a narrative objective).
The permit limit derivation procedures take into account acute and chronic aquatic life toxicity
effects, human health effects, dilution, ambient background concentrations and antidegradation
requirements. For drinking water constituents, if a discharge has the reasonable potential to cause
an excursion above an existing objective or MCL, then the discharge permit will include a limit
and requirements for monitoring that constituent. However, this process does not apply to
constituents for which objectives do not already exist (for example, TOC and pathogens). If a
discharge is to an ephemeral stream or a stream that the Central Valley Regional Water Board
determines does not have any assimilative capacity for a contaminant, the discharger must meet
the receiving water quality objectives in the effluent. If there is dilution capacity available in the
receiving water, the Central Valley Regional Water Board may establish effluent limitations that
allow for a mixing zone and dilution of the effluent in the receiving water.

To provide a consistent, statewide regulatory approach to address sanitary sewer overflows
(SSOs), the State Water Board adopted Statewide General Waste Discharge Requirements for
Sanitary Sewer Systems, Water Quality Order No. 2006-0003 (Sanitary Sewer Order) on May 2,
2006. The Sanitary Sewer Order requires public agencies that own or operate sanitary sewer
systems to develop and implement sewer system management plans (SSMPs) and report all
SSOs to the State Water Board’s online SSO database.

The Sanitary Sewer Order requires the owners and operators of sanitary sewer systems to take all
feasible steps to eliminate SSOs and to develop and implement a system-specific SSMP. SSMPs
must include provisions to provide proper operation and maintenance while considering risk
management and cost. The SSMP must contain a spill response plan that establishes standard
procedures for immediate response to an SSO in a manner designed to minimize water quality
impacts and potential nuisance conditions. The SSMPs must be updated every five years.
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A key requirement of the Sanitary Sewer Order is that SSOs must be entered into the State Water
Board’s SSO online database. Wastewater spills greater than 1,000 gallons, all wastewater spills
that enter waters of the state, and spills that occur where public contact is likely, regardless of the
volume are classified as Category 1 SSOs. Category 1 SSOs must be reported to the SSO
database as soon as possible but no later than three business days after the SSO is detected. The
Sanitary Sewer Order contains other requirements for reporting of SSOs that do not reach surface
waters and for monthly reporting if no SSOs occurred. If spills are not reported, this is
considered a violation of the California Water Code and it is grounds for enforcement action.
Reporting began in September 2007. This process simplifies the ability of water purveyors to
identify spills of interest and obtain specific information about a spill using the State Water
Board California Integrated Water Quality System website.

In August 2008 the Central Valley Regional Water Board issued Spill Reporting Procedures for
wastewater treatment plant spills. This was issued to ensure consistency in notification
procedures with the State Water Board Order for Sanitary Sewer Systems (see discussion above).
This requires facilities to notify the California Office of Emergency Services, the local health
department, and the Central Valley Regional Water Board within two hours of a spill or
discharge. Wastewater spills greater than 1,000 gallons, all wastewater spills that enter waters of
the state (surface and groundwater), and spills that occur where public contact is likely,
regardless of the volume, must be reported to the Central Valley Regional Water Board. This
notification must be made by telephone as soon as notification is possible, but should not impede
the cleanup or other emergency measures required. The notification must occur within 24 hours
of detection of the spill. In addition to oral notification, a written report must be submitted to the
Central Valley Regional Water Board within five days of the spill.

More detail on wastewater discharges in the Sacramento and San Joaquin basins is provided in
Chapter 13.

Urban Runoff

In 1972, The Federal Water Pollution Control Act (now referred to as the CWA) was amended to
provide that the discharge of pollutants to waters of the United States from any point source is
unlawful, unless the discharge is in compliance with an NPDES permit. The 1987 amendments
to the CWA added section 402(p) which directs that stormwater discharges are point source
discharges and establishes a framework for regulating municipal and industrial stormwater
discharges under the NPDES program. On November 16, 1990, the USEPA promulgated final
regulations that established the stormwater permit requirements. The regulations addressed
municipal stormwater and also specified a requirement for stormwater permits from 10
categories of industry, as well as construction activities greater than one acre.

Stormwater permits are required for discharges from a municipal separate storm sewer system
(MS4). The USEPA developed its stormwater regulation in two phases. The Phase | regulation
was promulgated in 1990 for cities or contiguous unincorporated urban areas with populations
greater than 100,000. The Phase Il regulation was promulgated in 1999 for cities and other
contiguous areas with populations less than 100,000. USEPA defined MS4 to include road
systems owned by states which are in an area with a population greater than 100,000.
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Municipal urban runoff in the Central Valley and most of the Delta is regulated by the Central
Valley Regional Water Board through MS4 permits. The San Francisco Bay Regional Water
Board has jurisdiction over eastern Contra Costa County. Both the Phase | and Phase I
stormwater regulations require municipalities to reduce urban runoff pollution to the maximum
extent practicable through implementation of BMPs. Management programs must include public
education, pollution prevention and good housekeeping for municipal operations,
implementation of new development BMPs, erosion and sediment control at construction sites,
and control of illicit discharges. Phase | programs must also include control programs for
industrial sites. Both the Phase | and Il regulations provide the regulated municipalities with the
flexibility to make their own selection of BMPs in designing their individual programs. Phase 1
permits are issued to individual permittees or to groups of permittees in contiguous areas. The
Phase 1 MS4 permits issued to cities and counties in the Delta are described in Chapter 14.

The Phase Il program is governed by a General Permit from the State Water Board which
expired in 2008, but remains in effect until a new General Permit is adopted. In June 2011 the
State Water Board issued a draft order. There are several major changes to the permit, including;
compliance tiers with specific BMPs and management measures, waiver certification, new
program management requirements and industrial/commercial inspection program, trash
reduction programs, water quality monitoring and BMP assessment, and program effectiveness
assessments. Public comments were due on September 8, 2011. The State Water Board will issue
a revised draft permit in the spring of 2012 and the permit will be considered for adoption by the
State Water Board in the late spring or early summer of 2012 (Personal Communication,
Christine Sotelo, State Water Board).

The State Water Board has issued general NPDES permits for stormwater discharges from
construction sites greater than one acre in size (Construction General Permit) and for industrial
discharges (Industrial General Permit). These two permits require that the permittees prepare
stormwater pollution prevention plans that identify BMPs to be implemented to control
stormwater runoff. The Construction General Permit was renewed in 2009 and contained
significant changes, including technology based numeric action levels and numeric effluent
limits for pH and turbidity, a shift to risk-based permitting, a requirement that the Stormwater
Pollution Prevention Plan be prepared by a qualified developer, a requirement for a sediment
monitoring plan if the site discharges to a waterbody listed on the 303(d) list for sediment, a
requirement for post-construction stormwater runoff reduction, additional monitoring and
reporting requirements, and training and action plans. The Industrial General Permit is in the
process of being renewed and is expected to include minimum BMPs, enhanced procedures and
reporting, and increased monitoring requirements. The draft permit was issued in January 2011
and comments were due by April 29, 2011.

The State Water Board has also issued a statewide permit for the California Department of
Transportation (Caltrans). This permit regulates stormwater discharges from all Caltrans
properties, facilities, and activities.

More detail on municipal stormwater dischargers in the Sacramento and San Joaquin basins is
provided in Chapter 4.
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Agricultural Discharges

The Central Valley has about seven and a half million acres of cropland, with over six and a half
million of those acres irrigated. Approximately one-third of the acreage is in the Sacramento
Valley, while the remaining two-thirds are in the San Joaquin Valley (including the Tulare Lake
Basin). The Tulare Lake Basin includes nearly 25 percent of the total irrigated acreage but only
contributes to the San Joaquin Valley during flood conditions.

There are two main regulatory programs related to irrigated agriculture in the watershed, the
Rice Pesticides Program and the Irrigated Lands Regulatory Program. The Rice Pesticides
Program focuses on five rice pesticides while the Irrigated Lands Regulatory Program covers a
wider array of constituents. Both programs have significantly increased the regulatory oversight
of agricultural discharges in the Central Valley and contributed to a much better understanding of
the actual water quality threats and how those threats can be mitigated.

Rice Pesticides Program

The purpose of the Rice Pesticides Program is to reduce discharges of specified rice pesticides
(molinate, carbofuran, thiobencarb, malathion, and methyl parathion) into surface waters leading
to the Sacramento River, only one of which (thiobencarb) is still heavily used for rice.
Carbofuran and molinate are no longer allowed for use on rice, while malathion and methyl
parathion have been replaced by newer pesticides which are not covered in this program. They
are regulated through the Irrigated Lands Regulatory Program discussed below. In 1990 the
Central Valley Regional Water Board established performance goals for carbofuran (0.4 pg/L),
malathion (0.1 pg/L), methyl parathion (0.13 pg/L), molinate (10 pg/L), and thiobencarb (1.5
Mg/L) in the Basin Plan In addition, there are water quality objectives for these constituents set at
their primary or secondary MCLs for drinking water. The Rice Pesticides Program began in 1983
to address fish toxicity and drinking water taste concerns. It is now jointly administered by the
Central Valley Regional Water Board and the California Department of Pesticide Regulation.
The Department of Pesticide Regulation provides permit conditions for the County Agricultural
Commissioners who issue permits and conduct field work. This program prohibits discharge of
rice field drainage unless specific management practices are implemented including; holding
water on fields to allow for pesticide dissipation, seepage management, and aerial drift control.

Irrigated Lands Requlatory Program

Other discharges of irrigation water and stormwater runoff from agricultural fields were largely
unregulated until the Central Valley Regional Water Board adopted the Conditional Waiver of
Waste Discharge Requirements for Discharges from Irrigated Lands (Conditional Waiver) in
December 2002. In response to numerous complaints about the process used to adopt the
Conditional Waiver in 2002, the Central Valley Regional Water Board staff worked with
stakeholders to revise the program and the Central Valley Regional Water Board rescinded the
December 2002 order and adopted the Irrigated Lands Regulatory Program (ILRP) in July 2003.
This was developed as an interim program until a long-term program could be developed. In
June 2006, the Central Valley Regional Water Board adopted a new waiver that maintained
many of the elements of the 2003 Conditional Waiver. The Conditional Waiver required all
irrigated agriculture, including rice, row crops, field crops, tree crops, commercial nurseries,
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managed wetlands, and pastureland, to develop a monitoring program to assess the sources and
impacts of discharges from irrigated lands, and to determine if reduction strategies needed to be
implemented. Dischargers have the option of obtaining individual permits or joining a coalition.
The Conditional Waiver expired in June 2011. The Central Valley Regional Water Board did not
adopt a long-term regulatory program at their June 2011 meeting. The Board adopted the
Programmatic Environmental Impact Report (EIR) and required staff to begin development of
new orders for the existing Coalition Groups, as well as an Individual Order. The Board also
approved an extension through June 2013 to complete development of these orders. The key
components of the Conditional Waiver and the proposed long-term regulatory program are
discussed in the following paragraphs.

Coalition Groups - Although several large irrigation districts opted to apply for individual
waivers, most growers joined coalition groups. There are eight coalition groups that cover
agricultural areas of the Central Valley and one commodity specific (rice) coalition group.

California Rice Commission

East San Joaquin Water Quality Coalition

Goose Lake Water Quality Coalition

Pleasant Valley Water Quality Coalition

Sacramento Valley Water Quality Coalition

San Joaquin County & Delta Water Quality Coalition
Southern San Joaquin Valley Water Quality Coalition
Westlands Water District

Westside San Joaquin River Watershed Coalition

The five irrigation districts which hold individual discharge orders are; Merced, Modesto,
Oakdale, South San Joaquin, and Turlock irrigation districts.

Monitoring Program — The Conditional Waiver Program requires coalition groups to monitor
agricultural drainage for a variety of constituents. The constituents vary according to agriculture
type and pesticides used and can include TOC, TDS, nutrients, and bacteria. Sampling also
varies and is typically conducted during the irrigation season and during storm events. A
Monitoring and Reporting Program (MRP) plan must be developed by each coalition group or
individual discharger. These must be submitted to and approved by the Central Valley Regional
Water Board. Three Coalition-specific MRP Orders have been adopted; the California Rice
Commission, the Sacramento Valley Water Quality Coalition, and the Westside San Joaquin
River Watershed Coalition. All entities are required to submit periodic monitoring reports to the
Central Valley Regional Water Board.

Water Quality Exceedances — The Conditional Waiver Program requires agricultural dischargers
to meet water quality objectives in receiving waters but the Waiver states that the Central Valley
Regional Water Board does not expect that all applicable water quality standards will be
achieved in the five-year period covered by the Conditional Waiver. They do expect that
compliance with the requirements of the Conditional Waiver will lead to actions on the part of
the agricultural community that will lead to achieving water quality objectives. When a water
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quality objective is exceeded, the coalition group is required to file various reports with the
Central Valley Regional Water Board.

Water Quality Management Plans — Dischargers must prepare and implement Management
Plans when a water quality objective has been exceeded more than once in three years. These
have been prepared throughout the Central Valley for constituents ranging from toxicity to
bacteria to pesticides. The management plan must evaluate the effectiveness of existing
management practices in achieving applicable water quality objectives, identify additional
actions, including different or additional management practices or education outreach that the
coalition group and/or its participants propose to implement to achieve applicable water quality
objectives, and identify how the effectiveness of those additional actions will be evaluated.

Long-term Program — In 2006 the Central Valley Regional Water Board began the process of
developing a long-term ILRP. This included development of an Existing Conditions Report,
which served as a foundation to develop alternatives for a long-term water quality regulatory
program to address discharges from irrigated agriculture. An Advisory Workgroup was formed
in 2008 to begin development of the form and content of the long-term program. This resulted in
development of a Long-Term ILRP Alternatives Document, which presented five alternatives to
move forward in the process. In 2010, the Central Valley Regional Water Board began General
Stakeholder meetings to inform the public of the current status, provide a “Straw Proposal” of
how the long-term program will be presented, and begin to receive comments. A Draft
Programmatic EIR was published in July 2010. In February 2011, the Central Valley Regional
Water Board published a Recommended Framework for the Long-Term Program. The focus of
the Framework is to classify areas into tiers that have varying levels of water quality threats and
corresponding levels of management and monitoring requirements. The Framework was not
formally adopted by the Central Valley Regional Water Board, but the work is expected to be
used in development of specific orders. The program is also being expanded to include
discharges to groundwater.

Confined Animal Facilities

Confined animal facilities are defined as any place where cattle, calves, sheep, swine, horses,
mules, goats, fowl, or other domestic animals are corralled, penned, tethered, or otherwise
enclosed or held and where feeding is by means other than grazing. Historically, dairies were
required to confine all waste, wash water, and storm runoff that contacts animal waste on site.
Under Section 15 of the California Code of Regulation; discharge to receiving waters was
prohibited. Some of the very large dairies and dairies with known problems were required to
obtain individual permits under the Central Valley Regional Water Board’s Waste Discharge
Requirements Program, which covers discharges to land.

As part of a new regulatory process, the Central Valley Regional Water Board requested each
existing milk cow dairy to submit a Report of Waste Discharge by October 2005. The Central
Valley Regional Water Board reports that there was 100 percent compliance with this submittal.
In May 2007, the Central Valley Regional Water Board adopted Order No. R5-2007-0035 Waste
Discharge Requirements for Existing Milk Cow Dairies (General Order). This covered all dairies
that submitted Reports of Waste Discharge in 2005. This includes over 1,500 dairies in the
Central Valley; the majority of these are located in the San Joaquin Valley.
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The General Order defines dairy waste as “manure, leachate, process wastewater, and any water,
precipitation or rainfall runoff that comes into contact with raw materials, products, or
byproducts such as manure, compost piles, feed, silage, milk, or bedding.” Waste generated at
dairies is stored dry in piles or in liquid form in waste retention ponds. The wastes are then
applied to cropland or transported off-site for utilization on cropland as a nutrient source. Dairy
wastes contain high concentrations of nutrients (organic nitrogen, ammonia, phosphorus, and
potassium), organic carbon, salts, and pathogens. Although the waste materials provide nutrients
to crops, they can create nuisance conditions if improperly managed or cause degradation of
surface waters and groundwater.

Discharge Prohibitions and Monitoring Requirements

The General Order requires protection of both surface water and groundwater quality. To protect
surface water quality, the General Order prohibits discharges of: (1) waste and/or stormwater to
surface water from the production area, (2) wastewater to surface water during or following
application to cropland, and (3) stormwater to surface water from the land application area where
manure or process wastewater has been applied, unless the land application has been managed
consistent with a certified nutrient management plan. Owners are required to design detention
basins large enough to retain waste and stormwater on-site for a 25-year, 24-hour event. In
addition, animals are prohibited from entering surface water within the confinement areas. To
protect groundwater quality, the General Order requires: (1) management of manure to prevent
leaching of nutrients to groundwater, (2) reconstruction of waste storage ponds that have
impacted groundwater quality, and (3) elimination of cross connections that would allow
backflow of wastewater into a water supply or irrigation well. The General Order also prohibits
discharges that cause or contribute to exceedances of water quality objectives in surface water
and groundwater. The General Order requires monitoring of discharges, surface water,
groundwater, stormwater, and tailwater for general physical characteristics, nutrients, TDS, and
bacteria.

Reports

The General Order requires each dairy to submit an initial Existing Conditions Report and then
annual reports demonstrating that they are taking specific steps toward complying with all terms
and conditions of the General Order within five years. Each dairy must also submit a waste
management plan by 2011, a nutrient management plan if they apply manure to land by 2012,
and a salinity report. These reports must demonstrate that they have adequate waste containment
to prevent discharges to surface water, have adequate flood protection to comply with state
regulations, can operate and maintain their facilities in compliance with the General Order, and
can manage their waste applications to land application areas in a manner that will minimize or
eliminate the transport of nutrients to surface water.

Compliance

Contact with Central Valley Regional Water Board staff in Redding and Sacramento indicates
substantial compliance with the new order. Inspections have been completed for almost all of the
facilities, including storm-related inspections. Most of the dairies are pasture-based, meaning that
cattle move from barns to fields, and most are smaller, older facilities. In addition, there are
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several permitted facilities which have ceased operating, but have not yet completed the closure
plans to close their permits.

The Dairy Quality Assurance Program

Owners will receive a 50 percent fee reduction if they complete certification through the Dairy
Quality Assurance Program. The Dairy Quality Assurance Program was formed in late 1996 as a
voluntary program, sponsored by the State Water Board, the California Department of Food and
Agriculture, and the University of California Cooperative Extension, to assist dairy owners in
complying with regulations and improving sanitary conditions at dairies. The program core
components include:

e Attendance of a six hour education short course on farm management.

e Development of an individual Farm Management Plan.

e Third party evaluation, conducted by California Department of Food and Agriculture
inspectors who have received additional training from the University of California, Davis

and the Central Valley Regional Water Board.

Once a dairy operator completes all three of these components, a certification is issued. To date,
over 1,800 dairies have been certified in the Central Valley region.

Central Valley Salinity Alternatives for Long-Term Sustainability

The Central Valley Regional Water Board, the State Water Board, and the Central Valley
Salinity Coalition are working collaboratively on the Central Valley Salinity Alternatives for
Long-Term Sustainability (CV-SALTS) project. The Coalition was formed in July 2008 to
organize, facilitate, and fund efforts needed to achieve the goals of the CV-SALTS initiative.
The goal of this effort is to develop a comprehensive salinity and nitrate management program
for the Central Valley. This effort was initiated in January 2006 and a background report on the
salinity issues in the Central Valley was prepared in May 2006 (Central Valley Regional Water
Board, 2006). The scope of the initiative includes salinity, namely salt and boron, as well as
nitrate. This includes impacts to both surface water and groundwater. The work focuses on
studies to assess sources of salinity, strategies for reduction, development of key tolerance
information, as well as public outreach to identify all salinity concerns.

Development of the Basin Plan Amendment for salt and boron on the San Joaquin River
upstream of Vernalis has been assigned to the CV-SALTS initiative. The Lower San Joaquin
River Committee was created to review information and develop recommendations for this basin
planning effort.

Central Valley Drinking Water Policy

In the 1990s, California Urban Water Agencies (CUWA) recognized that many of the
constituents of concern to drinking water suppliers are not included as objectives in the Basin
Plan (disinfection byproduct precursors, pathogens, nutrients) or the current objectives are not

Final Report 2-34 June 2012



California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

based on drinking water concerns (salinity, chloride). As a result, there is limited ability to
require dischargers to monitor or control these constituents. In addition, since there are no
objectives for these constituents, drinking water constituents are not considered when the Central
Valley Regional Water Board develops recommendations to the State Water Board for its list of
impaired water bodies (303d list) which triggers the development of TMDLs. As discussed in
Chapter 4, the population of the Central Valley is rapidly increasing so there are concerns that
water quality will degrade without a regulatory mechanism to control discharges of the drinking
water constituents. CUWA worked with the Central Valley Regional Water Board and the
California Bay Delta Program (CALFED) to include the development of a drinking water policy
for the Central Valley in the CALFED Record of Decision. As a result, the Central Valley
Regional Water Board is engaged in a multi-year effort to develop a policy for protecting source
water for the beneficial use of drinking water.

In 2002, the Central Valley Drinking Water Policy Work Group was formed to help Central
Valley Regional Water Board staff develop and implement a work plan that describes the
technical studies needed to develop a drinking water policy for the Central Valley. The Work
Group consists of stakeholders representing drinking water, wastewater, agricultural, urban
runoff, and public interests. The drinking water policy work plan lays out a comprehensive
watershed-based strategy for identifying contaminant sources and cost-effective control
strategies. The technical studies needed to support the policy were completed by May 2011, and
the Work Group completed a report summarizing the findings from the technical work in
February 2012. Highlights of the technical work include:

e DBP precursors (organic carbon and bromide), salinity, nutrients, pathogens (Giardia and
Cryptosporidium) and fecal indicator bacteria were identified as the priority drinking
water constituents of concern.

e Conceptual models were developed for organic carbon, nutrients salinity, and pathogens.

e A review of plans, policies, and objectives established in other states and countries was
conducted. There is no comparable process for adoption of drinking water constituent
objectives.

e The Work Group identified three major sources of the priority water quality constituents:
wastewater treatment plants (publically owned treatment works or POTWSs), urban
runoff, and irrigated agriculture.

e A report was prepared on wastewater treatment plants in the Central Valley including
current treatment and planned future treatment. Three future (2030) wastewater treatment
scenarios were developed.

e A literature review was conducted to evaluate urban runoff management practices to
determine their effectiveness in removing drinking water constituents. Three future
(2030) urban runoff scenarios were developed.

Final Report 2-35 June 2012



California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

e The future scenarios for wastewater and urban runoff included the Planned Future, which
projected the current regulatory requirements forward to 2030 with modified land use and
population; the Plausible Future, which included more stringent, yet plausible, regulatory
requirements; and the Outer Boundary Future, which projected “limit of technology”
regulatory requirements.

e [For agriculture, current loads were calculated but future scenarios included arbitrary
reductions in loads because information was not available on load reductions that could
be achieved by implementing management practices.

e The source evaluations indicated that the combined loads of drinking water constituents
of concern from wastewater treatment plants, urban runoff, and irrigated agriculture will
likely decrease in the future as a result of changing land use and regulatory actions
already taken by the Central VValley Regional Water Board.

The Watershed Analysis Risk Management Framework (WARMF) analytical model for the San
Joaquin watershed was refined, and a model was developed for the Sacramento watershed.
Agricultural land use was refined to include more crop types than in the original WARMF
model. Due to schedule and budget constraints, the WARMF model wasn’t fully calibrated.

e The output from the WARMF models was used to run the Delta Simulation Model 2
(DSM2) for DOC, EC, and nutrients to evaluate the impact at the Delta pumping plants
of changes as a result of the potential future scenarios. Due to the calibration problem
with WARMF, the DSM2 results are not considered reliable.

e An analysis was conducted of water treatment needs for the upper Sacramento River
watershed, the Delta, and the east and west branches of the California Aqueduct using the
USEPA Water Treatment Plant Model. Plausible Future and Outer Boundary Future
regulatory scenarios were developed.

e The Water Treatment Plant model was used to evaluate water treatment needs under the
future drinking water regulatory scenarios. In the Plausible Future regulatory scenario,
the model predicted that water treatment upgrades would be needed for water treatment
plants treating water from the upper watershed (Sacramento River), the Delta, and at
some locations along the California Aqueduct.

The Record of Decision called for development of the policy by the end of 2004, which was an
unrealistic deadline given the amount of technical work to be completed and the timeframe for
adopting a Basin Plan amendment. In July 2004, the Central Valley Regional Water Board
adopted a resolution supporting the need for the policy. In July 2010, the Central Valley
Regional Water Board adopted a resolution reaffirming support for development of the policy
and requiring an outline of the policy by July 2011 and a final policy for Board consideration by
July 2013. The Work Group is currently working on drafting a policy that will include a
narrative water quality objective for pathogens and an explanation of how organic carbon will be
considered under the existing chemical constituents narrative objective. Salinity is being
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addressed by the CV-SALTS process and nutrients are being addressed by the State Water
Board’s Nutrient Numeric Endpoint process.

Potential Actions

MWQI and CDPH should Participate in Regulatory Development and Provide Comment
Letters on Source Water Protection Programs and Regulations, when Feasible.

Individual SWP Contractors and water organizations such as ACWA and CUWA track
regulatory development for their members. While there is no need for SWPCA to track the
pending regulations, SWPCA, MWQI, and CDPH staff should lend support to organizations
such as CUWA. CUWA has historically notified MWQI and CDPH when critical permits and
regulatory programs are being developed in which MWQI and CDPH staff can contribute based
on their knowledge of drinking water issues, the Delta, and the SWP watershed. MWQI and
CDPH should continue to participate in these processes, when feasible.

BIOLOGICAL OPINIONS

The U.S. Fish and Wildlife Service (USFWS) is required to issue biological opinions on projects
that have the potential to impact federally listed threatened and endangered species. Similarly,
the National Marine Fisheries Service (NMFS) is required to issue biological opinions on
projects that have the potential to impact federally listed marine and anadromous fish species.
Until 2004, a 1995 delta smelt biological opinion and a 1993 winter-run Chinook salmon
biological opinion governed limitations on Delta exports. A proposed change in coordinated
operation of the SWP and Central Valley Project (CVP) in 2004 (including increased Delta
exports) resulted in the need to develop updated biological opinions.

U.S. Fish and Wildlife Service Delta Smelt Biological Opinion

The delta smelt was listed as a threatened species under the federal Endangered Species Act and
the California Endangered Species Act in 1993. In 2010, the California Fish and Game
Commission listed the delta smelt as an endangered species. There has been a significant decline
in delta smelt abundance since 2000. The USFWS issued the biological opinion on the Long-
term Operations Criteria and Plan (OCAP) for coordinated operations of the SWP and CVP in
2005 concluding that the Delta pumping plants posed no threat to delta smelt. The Natural
Resources Defense Council and other environmental groups disagreed and filed suit later that
year. In May 2007, U.S. District Judge Oliver Wanger invalidated the biological opinion and
ordered the USFWS to rewrite it by September 15, 2008. This order, known as the Wanger
Decision, also established flow conditions on Old and Middle rivers to limit the take of delta
smelt at the south Delta pumping plants. The revised biological opinion was issued on December
15, 2008, concluding that the pumps were likely to jeopardize the federally protected delta smelt.
The biological opinion included a Reasonable and Prudent Alternative (RPA) designed to allow
the projects to continue operating without causing jeopardy to the delta smelt or adversely
affecting its critical habitat. The RPA included operational components designed to reduce
entrainment of delta smelt during critical times of the year by limiting water exports at the south
Delta pumping plants. This resulted in major water supply impacts. Water users challenged the
plan in the spring of 2009 claiming it relied on poor science and targeted Delta pumping when
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other Delta issues such as contaminants, unscreened agricultural diversions, and invasive species
were also harming delta smelt. In December 2010, Judge Wanger overturned major portions of
the biological opinion, finding that restrictions on Delta pumping required under the plan were
not adequately justified. In March 2011, Judge Wanger issued a final written judgment that
required the USFWS to revise the biological opinion by October 1, 2011. The judgment also
includes interim flow requirements for Old and Middle rivers to protect delta smelt through June
30, 2011 and allows water contractors and environmental organizations to participate in weekly
meetings with federal agencies to review Delta conditions and determine if pumping should be
limited. The deadline for the final biological opinion was extended to December 1, 2013 in May
2011.

National Marine Fisheries Service Biological Opinion for Salmon and other Listed Species

Due to the proposed change in coordinated operation of the SWP and CVP in 2004, NMFS
issued a biological opinion which initially found no jeopardy to listed species. This biological
opinion was voluntarily withdrawn and rewritten. In June 2009, NMFS released a biological
opinion on OCAP that covers winter-run and spring-run Chinook salmon, steelhead, green
sturgeon, and killer whales, concluding that the operations of the SWP and CVP are jeopardizing
these species. Killer whales are included because salmon are one of their food sources. The RPA
contains a suite of actions for the Sacramento, American, and Stanislaus rivers including
requirements to release adequate flows of cold water from the major dams, restoration of
floodplain habitat, and restoration of spawning habitat. Actions required in the Delta include
modification of Delta Cross Channel operations, controls on negative flows in Old and Middle
rivers, restrictions on pumping, and improvements to fish screening and salvage operations. In
August 2009 the State Water Contractors requested that the biological opinion for salmon be
overturned. Judge Wanger ruled in September 2011 that the biological opinion was arbitrary,
capricious, and unlawful and remanded it to NMFS. The deadline for completion of a revised
biological opinion is February 2016. In January 2012, NMFS, DWR, and other public agencies
entered into an agreement on SWP and CVP operations between April and May 2012 and
scientific studies to be conducted to evaluate the effects of project operations on salmonids.

OCAP Integrated Annual Review Workshop

The NMFS RPA requires the Bureau of Reclamation and NMFS to work with the Delta Science
program to host a workshop by November 30 of each year to review the prior water year’s
operations and to determine whether any measures prescribed in the RPA should be altered.
Under direction from the Secretaries of Commerce and Interior the review was expanded to
include implementation of the USFWS delta smelt actions. Since the OCAP biological opinions
were issued, NMFS, USFWS, and other agencies have been conducting research and monitoring
to determine the effectiveness of the RPA actions. The Delta Science Program assembled an
independent review panel of national experts to review the findings of the research and
monitoring in November 2010. The panel issued their report in December 2010, commenting on
many specific actions and recommending that biological models be developed to link the
physical actions required by the RPA to biological targets. Another independent review was
conducted in November 2011 and the report was issued in December 2011. The panel concluded
that most of the RPA actions that would have constrained water exports under drier conditions
were neither triggered nor applied in Water Year 2011 because it was classified as wet in both
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the Sacramento and San Joaquin watersheds. The panel also concluded that after two years of
operating under the RPA actions, conclusions could not be drawn on their effectiveness in
restoring fish populations.

Potential Water Quality Impacts

The water quality impacts of the biological opinions have not been evaluated with modeling
studies (Personal Communication, Tara Smith, DWR). Chapter 15 contains a qualitative
discussion of the potential impacts on water quality.

Potential Actions

None

The SWC has historically taken the lead on tracking and responding to the biological opinions.
There is no need for SWPCA or MWQI to track and comment on the revised biological opinions
when they are reissued by USFWS and NMFS.

POLICY SETTING

The Delta provides drinking water for over 25 million Californians in the San Francisco Bay
Area, the Central Coast, and Southern California. Federal regulatory actions to protect threatened
and endangered fish have made water supplies increasingly unreliable. This section contains a
description of the major programs aimed at restoring the Bay-Delta ecosystem and improving
water supply reliability.

CALFED

A number of state and federal agencies signed an agreement in June 1994 to coordinate their
actions to meet water quality standards to protect the Delta, coordinate the operation of the SWP
and CVP more closely with environmental mandates, and develop a process to establish a long-
term Bay-Delta solution to restore the ecosystem health of the Delta while improving water
supply reliability, water quality, and levee stability. This agreement laid the foundation for the
Bay-Delta Accord and CALFED. The CALFED Program was described in the 2006 Update with
an emphasis on the Water Quality Program. Subsequent to completion of the 2006 Update,
CALFED issued the CALFED Bay-Delta Program Performance Assessment in June 2007. The
Water Quality Program was ranked poorly with “low progress” during the seven years of the
CALFED Program due largely to a lack of sufficient funding. In 2006, the Little Hoover
Commission issued a report declaring that CALFED was essentially a failure. The CALFED
Program was disbanded and a few years later, its authorizing statute was formally repealed.

DELTA VISION PROCESS

Governor Arnold Schwarzenegger issued Executive Order S-17-06 in September 2006 to form
the Delta Vision process to “develop a durable vision for sustainable management of the Delta”
that can “restore and maintain identified functions and values that are determined to be important
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to the environmental quality of the Delta and the economic and social well being of the people of
the state.” The Executive Order established the seven-member independent Blue Ribbon Task
Force and charged them with developing a vision to repair the ecological damage to the Delta in
2007 and then prepare a strategic plan to sustain the Delta in future decades while ensuring a
reliable water supply for Californians who depend on water from the Delta. The Executive Order
also established the five-member Delta Vision Committee consisting of the Secretaries of
Resources; California Environmental Protection Agency; the Business, Transportation, and
Housing Agency; and the Department of Food and Agriculture; and the president of the Public
Utilities Commission. The Delta Vision Committee was charged with reporting to the Governor
about the vision and strategic plan in late 2008.

Delta Vision

The Blue Ribbon Task Force received input from the Stakeholder Coordination Group, the Delta
Vision Science Advisors, and numerous stakeholders who attended Task Force meetings. The
Task Force released the final Delta Vision report in November 2007. The Delta Vision contains
twelve integrated and linked recommendations with the first being, “The Delta ecosystem and a
reliable water supply for California are the primary, co-equal goals for sustainable management
of the Delta.” The focus of the Delta Vision was on improving the Delta ecosystem, sustaining
the Delta as a unique resource, and improving water supply reliability. Drinking water quality
was briefly mentioned as one of the factors to consider in evaluating conveyance alternatives.

Delta Vision Strategic Plan

The Delta Vision Blue Ribbon Task Force expanded the stakeholder process and formed four
workgroups of stakeholders (California Delta, Delta Ecosystem as Part of a Healthy Estuary,
Water Supply and Reliability, and Governance and Finance) and formed the Delta Vision
Scenario Assessment Team to provide information and assist in development of ideas for
inclusion in the Delta Vision Strategic Plan. The final Strategic Plan was released in October
2008. The Strategic Plan contains seven goals with numerous strategies and actions to achieve
those goals. The following paragraphs focus on the aspects of the Strategic Plan that address or
could potentially impact drinking water quality.
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Delta Vision Recommendations

The Delta ecosystem and a reliable water supply for California are the primary, co-equal goals for
sustainable management of the Delta.

2. The California Delta is a unique and valued area, warranting recognition and special legal status from
the State of California.

3. The Delta ecosystem must function as an integral part of a healthy estuary.

4. California’s water supply is limited and must be managed with significantly higher efficiency to be
adequate for its future population, growing economy, and vital environment.

5. The foundation for policymaking about California water resources must be the longstanding
constitutional principles of “reasonable use” and “public trust;” these principles are particularly
important and applicable to the Delta.

6. The goals of conservation, efficiency, and sustainable use must drive California water policies.

7. Arevitalized Delta ecosystem will require reduced diversions — or changes in patterns and timing of
those diversions upstream, within the Delta, and exported from the Delta — at critical times.

8. New facilities for conveyance and storage, and better linkage between the two, are needed to better
manage California’s water resources for both the estuary and exports.

9. Major investments in the California Delta and the statewide water management system must integrate
and be consistent with specific policies in this vision. In particular, these strategic investments must
strengthen selected levees, improve floodplain management, and improve water circulation and
quality.

10. The current boundaries and governance system of the Delta must be changed. It is essential to have an
independent body with authority to achieve the co-equal goals of ecosystem revitalization and
adequate water supply for California — while also recognizing the importance of the Delta as a unique
and valued area. This body must have secure funding and the ability to approve spending, planning,
and water export levels.

11. Discouraging inappropriate urbanization of the Delta is critical both to preserve the Delta’s unique
character and to ensure adequate public safety.

12. Institutions and policies for the Delta should be designed for resiliency and adaptation.

Delta Vision Strategic Plan Goals

1. Legally acknowledge the co-equal goals of restoring the Delta ecosystem and creating a more reliable
water supply for California

2. Recognize and enhance the unique cultural, recreational, and agricultural values of the California
Delta as an evolving place, an action critical to achieving the co-equal goals.

3. Restore the Delta ecosystem as the heart of a healthy estuary.

4. Promote statewide water conservation, efficiency, and sustainable use.

5. Build facilities to improve the existing water conveyance system and expand statewide storage, and
operate both to achieve the co-equal goals.

6. Reduce risks to people, property, and state interests in the Delta by effective emergency preparedness,
appropriate land uses, and strategic levee investments.

7. Establish a new governance structure with the authority, responsibility, accountability, science

support, and secure funding to achieve these goals.

Final Report 2-41 June 2012




California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

Actions that could Improve Delta Drinking Water Quality

One of the strategies to implement Goal 3 — Restore the Delta ecosystem as the heart of a healthy
estuary — is to improve water quality to meet drinking water, agriculture, and ecosystem long-
term goals. This strategy contains two actions that could potentially improve drinking water
quality and one action that would result in improved monitoring of water quality. The actions
and the responses to the actions are briefly summarized in this section.

e Require the Central Valley Regional Water Board to conduct three actions:

o Immediately re-evaluate wastewater treatment plant discharges into Delta
waterways and upstream rivers and set discharge requirements at levels that are
fully protective of human health and ecosystem needs — As described in more
detail in Chapter 4, the Central Valley Regional Water Board has continued to
follow existing state regulations in adopting permits for wastewater treatment
plants. A number of wastewater dischargers have been issued discharge permits
that require tertiary treatment.

o Adopt by 2010 a long-term program to regulate discharges from irrigated
agricultural lands — As described in the Source Water Protection section, the
Central Valley Regional Water Board held a public hearing on the Long-term
ILRP in April 2011 and will hold another hearing in June 2011.

o Review by 2012 the impacts of urban runoff on Delta water quality and adopt a
plan to reduce or eliminate those impacts — The Central Valley Regional Water
Board has continued to issue permits for urban runoff but was not given a
mandate or funding to develop a plan to reduce or eliminate the impacts of urban
runoff.

e Relocate as many Delta drinking water intakes as feasible away from sensitive habitats
and to channels where water quality is higher — The BDCP section contains a description
of the effort to improve water quality for SWP Contractors who take water from the south
Delta. Chapter 4 contains a description of the activities undertaken by the North Bay
Aqueduct Contractors to pursue an alternate intake on the Sacramento River.

e Begin comprehensive monitoring of water quality and Delta fish and wildlife health in
2009 — The Central Valley Regional Water Board and the State Water Board have
initiated the Delta Regional Monitoring Program. Efforts to date have been largely aimed
at developing information on the different entities that are currently conducting Delta
monitoring programs and on communicating with stakeholders about the need for a
regional approach.

Goal 5 calls for a dual conveyance system to improve water supply reliability and ecosystem
health. The dual conveyance system would consist of existing through-Delta facilities and an
isolated facility that would divert water from the Sacramento River and convey it to the south
Delta export pumps. A dual conveyance facility could improve water quality exported from the
Delta by taking more high quality water from the Sacramento River. This would be highly
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dependent on the volume of Sacramento River water diverted, the timing of the diversions, and
the locations of the diversion structures. The impact of the Sacramento Regional Wastewater
Treatment Plant discharge would need to be considered if an intake is located near Freeport.

Actions that could Degrade Delta Drinking Water Quality

Goal 3 — Restore the Delta ecosystem as the heart of a healthy estuary — contains a number of
strategies and actions that call for habitat restoration in the Delta, although there are no specific
areas or types of habitat identified. As described later in Chapter 14, habitat restoration could
potentially increase organic carbon concentrations at Delta pumping plants. The Strategic Plan
addresses this potential impact by calling for the relocation of drinking water intakes.

2009 COMPREHENSIVE WATER PACKAGE

In November 2009, the Sacramento-San Joaquin Delta Reform Act of 2009 (Delta Reform Act),
consisting of four legislative bills and a supporting bond bill, was approved by the legislature and
signed by Governor Schwarzenegger. The legislation establishes the governmental framework to
achieve the co-equal goals of providing a more reliable water supply to California and restoring
and enhancing the Delta ecosystem. The package includes requirements to improve the
management of our water resources by monitoring groundwater basins, developing agricultural
water management plans, reducing statewide per capita water consumption 20 percent by 2020,
and reporting water diversions and uses in the Delta. It also appropriates $250 million for grants
and expenditures for projects to reduce dependence on the Delta. The bond bill was originally
scheduled for the November 2010 ballot but it was postponed. It is unclear at this time if it will
be on the November 2012 ballot. If enacted, it would provide funding for California’s aging
water infrastructure and for projects and programs to improve the ecosystem and water supply
reliability for California.

DELTA STEWARDSHIP COUNCIL

The Delta Stewardship Council was established on February 3, 2010 by Senate Bill (SB) 1
(Simitian) — Chapter 5 of the Seventh Extraordinary Session of 2009 (SBX7 1), and is considered
the successor entity to the California Bay-Delta Authority and the CALFED Program. The
Council’s mission is to achieve the state’s “co-equal” goals of 1) enhancing the reliability of the
water supply for California and 2) protecting, restoring, and enhancing the Delta ecosystem.
These goals are to be achieved in a manner that protects and enhances the unique cultural,
recreational, natural resource, and agricultural values of the Delta as an evolving place.

Council Membership

The Delta Stewardship Council consists of seven members with diverse expertise intended to
provide a broad statewide perspective. The Governor appointed four members, the Senate and
Assembly appointed one each, and the seventh member is the Chairperson of the Delta
Protection Commission.
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Council Responsibilities

The Council is responsible for carrying out the following tasks:
e Developing a sustainable management plan for the Delta (Delta Plan).

e Developing performance measures to access and track progress and changes to the health
of the Delta ecosystem, fisheries, and water supply reliability.

¢ Determining, on appeal, if a state or local agency’s project in the Delta is consistent with
the Delta Plan.

e Determining, on appeal, whether the BDCP meets statutory criteria in the Delta Reform
Act for inclusion in the Delta Plan.

The Delta Plan

To achieve the co-equal goals, a legally enforceable Delta Plan is intended to guide state and
local agency activities related to the Delta. The Council intends to develop and implement a
strategy to appropriately engage participation by federal and state agencies with responsibilities
in the Delta and develop a scientific program to manage the Delta through the Delta Science
Program and the Delta Independent Science Board. To achieve the co-equal goals, the Delta Plan
must reflect the following state policy objectives:

e Manage the Delta’s water and environmental resources and the state’s water resources
over the long-term.

e Protect and enhance the unique cultural, recreational, and agricultural values of the Delta
as an evolving place.

e Restore the Delta ecosystem, including its fisheries and wildlife, as the heart of a healthy
estuary and wetland ecosystem.

e Promote statewide water conservation, water use efficiency, and sustainable water use.

e Improve water quality to protect human health and the environment consistent with
achieving water quality objectives in the Delta.

e Improve the water conveyance system and expand statewide water storage.

e Reduce risks to people, property, and state interests in the Delta by effective emergency
preparedness, appropriate land uses, and investments in flood protection.

e Establish a new governance structure with the authority, responsibility, accountability,
scientific support, and adequate and secure funding to achieve these objectives.
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The Delta Plan is intended to lay out the initial roadmap on how to achieve the co-equal goals
and inherent objectives in the years to come. It will specify the regulatory policies and
recommendations that will guide implementation of the Delta Plan over the next five years and
beyond. The Final Staff Draft was released in May 2012 and the Draft EIR on the Delta Plan was
released in November 2011. The Council will adopt the Delta Plan in the fall of 2012. When the
Delta Plan is completed, state and local agencies proposing actions or projects within the Delta
will need to certify for the Delta Stewardship Council that those efforts are consistent with the
Delta Plan.

The following paragraphs focus on the aspects of the Delta Plan that address or could potentially
impact drinking water quality:

Actions that could Improve Delta Drinking Water Quality

The Delta Plan contains twelve recommendations to improve water quality. Four of these have
the most potential to improve Delta drinking water quality.

e The Central Valley Regional Water Board should complete the Central Valley Drinking
Water Policy by July 2013. As described previously, the Central Valley Regional Water
Board is working on this policy and expects to complete it by July 2013.

e DWR should complete the North Bay Aqueduct Alternative Intake Project EIR by July 1,
2012, and begin construction as soon as possible thereafter. The status of this project is
discussed in Chapter 14.

e The State Water Board should complete the Proposed Policy for Nutrients for Inland
Surface Waters of the State of California by January 1, 2014. The State Water Board and
the San Francisco and Central Valley Regional Water Boards should develop and adopt
nutrient objectives for the Delta and Suisun Marsh by January 1, 2018.

e The Central Valley Regional Water Board should require entities that discharge
wastewater treatment plant effluent or urban runoff to Delta waters to evaluate whether
all or a portion of the discharge can be recycled, otherwise used, or treated to reduce
contaminant loads to the Delta by January 1, 2014.

Actions that could Degrade Delta Drinking Water Quality

The Delta Plan contains policies and recommendations that call for habitat restoration in the
Delta and restoration of a more natural flow regime. As discussed previously in the Delta Vision
strategic plan section, habitat restoration projects could potentially increase the loads of organic
carbon and shift the timing of release of organic carbon to Delta waterways. This topic is
discussed in more detail in Chapter 13. Restoring a more natural flow regime would mean that
reservoir releases would increase in the winter, spring, and fall to reduce salinity in the Delta.
Higher salinity water would be present in the Delta during the summer months. The impact of
this action on exported water quality would depend to a large extent on when water is pumped
from the Delta.
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THE SACRAMENTO-SAN JOAQUIN DELTA CONSERVANCY

The Sacramento-San Joaquin Delta Conservancy (Conservancy) was created by SBX7 1. The
Conservancy’s mission is to support efforts that advance both environmental protection and the
economic well-being of Delta residents in a complementary manner. The Conservancy is the
state’s primary agency for implementing ecosystem restoration in the Delta.

The Delta Conservancy Board

The Conservancy is governed by a board consisting of 11 voting member and two non-voting
members. The voting members include the Secretary of the Natural Resources Agency, the state
Director of Finance, representatives appointed by the Boards of Supervisors of the Counties of
Sacramento, San Joaquin, Solano, and Yolo, two members appointed by the Governor, and one
member each appointed by the Senate Rules Committee and the Assembly Speaker. The two
non-voting members are a State Senator and Assemblymember, both of whom represent districts
that encompass a portion of the Delta.

The Board is advised by ten liaisons from the USFWS, NMFS, Reclamation, the U.S. Army
Corps of Engineers, the San Francisco Bay Conservation and Development Commission, the
State Coastal Conservancy, the Suisun Resource Conservation District, the Central Valley Flood
Protection Board, the Yolo Basin Foundation, and the Delta Protection Commission.

Conservancy Activities

The Conservancy supports efforts to: 1) protect and enhance habitat and habitat restoration; 2)
protect and preserve Delta agriculture and working landscapes; 3) increase opportunities for
tourism and recreation in the Delta; 4) promote Delta legacy communities and economic vitality
in the Delta; 5) increase the Delta’s resilience to the effects of natural disasters such as
earthquakes and floods; 6) protect and improve water quality; 7) assist the Delta regional
economy; 8) identify priority projects and initiatives for which funding is needed; 9) protect,
conserve, and restore the region’s physical, agricultural, cultural, historical, and living resources;
10) help local agencies in the Delta implement their habitat conservation plans and natural
community conservation plans; 11) facilitate take protection and safe harbor agreements for
adjacent landowners and local public agencies under federal and state endangered species and
habitat conservation laws; and 12) promote environmental education through grant funding.

In early 2011, the Conservancy completed a final draft of its Interim Strategic Plan that lays out
its vision, mission, and proposed goals, objectives, and near-term strategies. The Conservancy
expects to complete a final Strategic Plan by early 2013.

DELTA SCIENCE PROGRAM AND DELTA INDEPENDENT SCIENCE BOARD

The Delta Science Program (formerly CALFED Science Program) was established to provide the
best possible scientific information needed for water and environmental decision-making in the
Bay-Delta system. The Delta Science Program funds research through grants and fellowships,
facilitates peer review of documents and programs, and communicates scientific information to
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policy-makers, scientists, and the public through newsletters, workshops, and the San Francisco
Estuary & Watershed Science journal.

SBX7 1 established the Delta Independent Science Board (ISB) and required the Delta
Stewardship Council to appoint the scientists to sit on this board. The Council appointed ten
nationally and internationally prominent scientists in June 2010. The Delta ISB reports to the
Council and provides oversight of the scientific research, monitoring, and assessment programs
that support adaptive management of the Delta. In addition, the Delta ISB will conduct
independent peer reviews of BDCP work products.

DELTA PROTECTION COMMISSION

The Delta Protection Commission (DPC) was established by the Johnston-Baker-Andal-
Boatwright Delta Protection Act of 1992. SBX7 1 reduced the number of commissioners from 23
to 15 and established new responsibilities for the DPC. The DPC’s primary mission is to act as
an appeal and review agency to enhance the orderly development of resources within defined
core areas of the Delta. The DPC also works to improve flood protection in the Delta and pursues
projects designed to enhance the agricultural, habitat, marine, and recreational resources of the
Delta. DPC commission members represent Delta-area reclamation and water agencies, counties,
and residents/landowners, plus regional councils of government, relevant state agencies, and ex-
officio members from the California State Senate and Assembly.

Responsibilities

The DPC acts as an appeal entity to land use decisions involving projects located in a defined
“Primary Zone” of the Delta. The commission also reviews projects located in a defined
“Secondary Zone” that may impact the Primary Zone. Its diverse membership is intended to
provide stakeholder representation in the areas of agriculture, habitat, recreation, and water.

The DPC developed and adopted a Land Use and Resource Management Plan in 1995 and
updated the Management Plan in 2009. Delta-area agency General Plans must, among other
things, be consistent with the Management Plan.

Projects

In addition to its project review responsibilities, the DPC participates in other Delta-related
strategic planning, administers the planning process for development of the “Great California
Delta Trail,” a network of hiking trails through all five county regions of the Delta, and is
seeking a National Heritage designation for the Delta.

Primary Zone Study

SBX7 1 requires the DPC to develop recommendations for expanding the Primary Zone of the
Delta to enhance the commission’s ability to protect Delta resources. Although the Primary Zone
Study, approved by the DPC in December 2010, recommended specific Primary Zone and
Secondary Zone boundary changes to the DPC, the commission deferred formal
recommendations until a companion Economic Sustainability Plan is completed. A Public
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Review Draft Economic Sustainability Plan was released for public comment in October 2011.
The report has not yet been finalized.

Abandoned Vessel Removal

The DPC takes an active role, along with county, regional and state agencies, in abating the
nuisance caused by vessels, both private and commercial, abandoned in the Delta. These
abandoned vessels pose navigational hazards and can release hazardous materials into the Delta
environment. The Abandoned Watercraft Abatement Program, administered by the Department
of Boating and Waterways, helps both the DPC and the five counties in which the Delta is
located to identify, secure and remove as many vessels as funding and personnel resources
permit.

FLOW CRITERIA FOR THE DELTA ECOSYSTEM

In accordance with the Delta Reform Act of 2009, the State Water Board approved new flow
criteria in August 2010 for the Delta ecosystem that are necessary to protect public trust
resources. The flow criteria report will inform planning decisions for the Delta Stewardship
Council’s Delta Plan and the BDCP. Under the circumstances analyzed in the report, the State
Water Board found that current flows are insufficient to support native Delta fishes and that there
is sufficient scientific information to support the need for increased flows to protect public trust
resources. To achieve the goal of halting the population decline and increasing the populations of
native fish species, as well as species of commercial and recreational importance, the report
includes criteria for percentages of natural or unimpaired flows that provide fisheries protection
under existing conditions. The report also summarizes other issues and concepts including:
increased fall Delta outflow in wet and above normal years; fall pulse flows on the Sacramento
and San Joaquin rivers; and flow criteria in the Delta to help protect fish from mortality in the
central and southern Delta resulting from operations of the south Delta pumping plants.

The flow criteria are currently for planning purposes only and do not have any regulatory or
adjudicatory effect. In the State Water Board’s development of Delta flow objectives with
regulatory effect, it must ensure the reasonable protection of beneficial uses, which may entail
balancing of competing beneficial uses of water, including municipal and industrial uses,
agricultural uses, and other environmental uses. The State Water Board’s evaluation will include
an analysis of the effect of any changed flow objectives on the environment in the watersheds in
which Delta flows originate, the Delta, and the areas in which Delta water is used. It will also
include an analysis of the economic impacts that result from changed flow objectives.

In the future, if DWR and/or Reclamation ask the State Water Board to amend the water right
permits for the SWP and/or the CVP to move the authorized points of diversion for the projects
from the southern Delta to the Sacramento River, Water Code section 85086 directs the State
Water Board to include in any order approving a change in the point of the diversion of the
projects appropriate Delta flow criteria. At that time, the State Water Board will determine
appropriate permit terms and conditions. That decision will take into consideration the flow
criteria needed to protect public trust resources, but will also take many other factors into
consideration, including any newly developed scientific information, habitat conditions at the
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time, and other policies of the State, including the relative benefit to be derived from all
beneficial uses of water.

BAY DELTA CONSERVATION PLAN

The BDCP is being prepared through a collaboration of state and federal agencies, water
agencies, environmental organizations, and other interested parties with the goal of protecting
and restoring the ecological health of the Delta and providing a more reliable water supply. The
BDCP is being developed in compliance with the federal Endangered Species Act and the
California Natural Communities Conservation Planning Act. When completed, the BDCP will
provide the basis for the issuance of endangered species permits for the operation of the state and
federal water projects. The goal of the BDCP is to promote the recovery of endangered,
threatened, and sensitive species and their habitats in the Delta in a way that also improves the
reliability of water supplies exported from the Delta. The plan will be implemented over the next
50 years.

Starting in December 2011, various working draft chapters of the BDCP and EIR/EIS have been
released for public review. The formal draft BDCP and EIR/EIS were scheduled to be released
on June 29, 2012 and the final documents were scheduled for the end of 2012. On May 3, 2012,
the Secretary for Natural Resources announced that there was a delay in the schedule. At this
time, the draft documents are scheduled for release in September 2012. The Final Staff Draft of
the Delta Plan calls for completion of the BDCP and acquisition of incidental take permits by
December 31, 2014. Key aspects of the plan include:

e Water Facilities and Operations — The plan calls for up to five new intakes on the
Sacramento River between Clarksburg and Walnut Grove that would divert up to 15,000
cfs. The working draft of Chapter 4 of the BDCP states that a decision has not been made
on whether water will be conveyed in a pipeline/tunnel or a canal to the south Delta
pumping plants. Water would also be conveyed through the Delta with the existing
facilities. This is being referred to as the dual conveyance alternative. These facilities
would allow the water operations to be better aligned with natural seasonal flow patterns
and would reduce the impacts of diverting water at the South Delta pumping plants. The
dual conveyance operating criteria are still being discussed. Construction of the new
intake facilities and conveyance structures will take at least ten years.

e Agquatic and Terrestrial Species Habitat — The plan covers 11 fish species and 52 sensitive
wildlife and plant species and identifies conservation measures to help in their recovery.
There are numerous conservation measures that have been identified, including
reconnecting floodplains and developing up to 65,000 acres of freshwater and brackish
tidal habitat. Up to 5,000 acres of freshwater tidal habitat would be created in the south
Delta.

e Other Stressors Reduction — The plan calls for reducing the adverse effects of toxic
substances and invasive species on the covered species.

e Adaptive Management Decision Making Process — This would provide a mechanism to
make adjustments to conservation measures based on new scientific information.
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e Governance — The primary responsibility for plan implementation would lie with the
BDCP Implementation Office. Oversight of plan implementation would be conducted by
the BDCP Implementation Board, comprised of permitting agencies, permittees, and
supporting organizations including non-governmental organizations and the Delta
Conservancy. A BDCP Stakeholder Committee would also be established to provide
input on implementation issues.

The plan contains actions that could improve drinking water quality by drawing water from the
Sacramento River and actions that could harm water quality, such as the restoration of tidal
marshes. The impacts of the plan on water quality will be evaluated in the Environmental Impact
Report/Environmental Impact Statement (EIR/EIS). A preliminary draft of the Water Quality

Chapter was released on February 29, 2012. A few of the key conclusions with respect to the
dual conveyance with a tunnel and five intakes on the Sacramento River alternative are:

e Organic Carbon
o Barker Slough — Not discussed.

o South Delta Export Locations — Long-term average DOC would decrease by 0.4
mg/L at both pumping plants.

e Bromide
o Barker Slough — Modeled long-term concentrations of bromide would increase
from 51 pg/l to 71 pg/L. The predicted increases in bromide concentrations at
Barker Slough may necessitate changes in treatment plant operations or treatment
plant facilities. This is judged to be a significant impact and the report calls for
mitigating this impact by relocating the NBA intake.

o South Delta Export Locations — At the Banks and Jones pumping plants long-term
bromide concentrations would decrease by 37 percent.

o Barker Slough — Not discussed.

o South Delta Export Locations — Average EC levels would decrease by 22 percent at
Banks and by 19 percent at Jones.

e Pathogens
o Barker Slough — Not discussed

o South Delta Export Locations — No impacts on bin/treatment levels.
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DELTA HABITAT CONSERVATION AND CONVEYANCE PROGRAM

The Delta Habitat Conservation and Conveyance Program (DHCCP) is a partnership between
DWR and Reclamation to evaluate the ecosystem restoration and water conveyance alternative
identified by the BDCP along with other conveyance alternatives. DHCCP will also develop
engineering options for habitat restoration, other stressors, and water conveyance. DHCCP will
prepare the EIR/EIS on the BDCP. The state and federal lead agencies for the EIR/EIS are DWR,
Reclamation, USFWS, and NMFS. The EIR/EIS is being developed in cooperation with the
Department of Fish and Game, USEPA, and the U.S. Army Corps of Engineers. The draft Delta
EIR/EIS is scheduled to be completed by mid-2012 and a final EIR/EIS is scheduled for
completion in late 2012.

USEPA ADVANCED NOTICE OF PROPOSED RULEMAKING

The USEPA Region 9 issued an Advance Notice of Proposed Rulemaking (ANPR) on February
10, 2011. This ANPR initiates an assessment of the effectiveness of current programs designed
to protect ecosystem water quality and aquatic species habitat in the Bay Delta Estuary. The
ANPR does not address drinking water quality issues. Through the ANPR, USEPA solicited
public input on how ecosystem water quality and aquatic resource protection goals can be
achieved in the Bay Delta Estuary. USEPA expects to release a synthesis report in the spring of
2012 and then determine if new regulations are needed (Personal Communication, Erin
Foresman, USEPA).

SAN JOAQUIN RIVER RESTORATION PROGRAM

The San Joaquin River was dammed in 1942 and most of the water was diverted to farms and
cities on the east side of the San Joaquin Valley. This resulted in a 60 mile stretch of the river
essentially drying up and cut off Chinook salmon from their historic spawning grounds. A
coalition led by the Natural Resources Defense Council filed a lawsuit in 1988 challenging the
U.S. Department of the Interior’s intention to renew the Friant Division 40-year water service
contracts without the preparation of an EIS. The complaint was expanded to include other
claims, including a claim under the federal Endangered Species Act and a claim that operation of
Friant Dam violated a California Fish and Game Code section that requires dams to release
sufficient water to keep fish in good condition below the dam. This latter claim became the focus
of the litigation, with all claims resolved by the settlement.

The San Joaquin River Restoration Program resulted from a September 2006 settlement of the
18-year-old lawsuit regarding sufficient fish habitat on the San Joaquin River below Friant Dam.
The parties to the settlement are the U.S. Departments of the Interior and Commerce, the Natural
Resources Defense Council, and the Friant Water Users Authority. The programs’s goals are to
restore and maintain fish populations in “good condition” in the main stem of the San Joaquin
River between Friant Dam and the confluence of the Merced River, while reducing or avoiding
adverse water supply impacts to all the Friant Division long-term contractors that may result
from the interim flows and restoration flows required by the settlement. The effort to restore the
San Joaquin River covers 153 miles and involves not only restoring flows to about 60 miles of
dry river bed, but also requires significant improvements to channels, levees, and fish passages.
Funds for the project come from water users, state bond initiatives and federal authorizations.
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The settlement requires specific water releases from Friant Dam to meet the various life stage
needs for spring- run and fall-run Chinook salmon. In addition to a base volume equal to the
average Friant Dam release of 116,741 acre-feet/year, the settlement requires approximately
247,000 acre-feet/year in most dry years and about 555,000 acre-feet/year in wet years. The first
interim restoration flows were released from Friant Dam in October 2009. Flows will be
gradually increased with full restoration flows scheduled to begin by January 1, 2014. Chinook
salmon will be reintroduced by the end of 2012.

In addition to the direct benefits of restoring a sustainable flow on the San Joaquin River and
providing planning certainty for the farms that rely on Friant water, other benefits will likely
result from the SJRRP, including enhanced downstream water quality and increased recreational
opportunities. There have not been any studies done on the impact of the increased flows on
water quality in the San Joaquin River and at the Delta pumping plants.

DELTA WETLANDS PROJECT

The Delta Wetlands Project involves creating storage reservoirs on Webb Tract and Bacon Island
and creating wetland and wildlife habitat on Bouldin Island and Holland Tract in the central
Delta. Figure 3-1 shows the location of the islands. This project was initiated in 1987 and has
been through several iterations and environmental review processes. The currently proposed
project is a partnership between Delta Wetlands and Semitropic Water Storage District. During
wet months (December to March) surplus water will be stored on the reservoir islands. During
dry summer months, stored water will be released into the Delta and pumped to customers in
Southern California. Water stored during wet years will be pumped to Semitropic Water Storage
District and the Antelope Valley Water Bank, which is south of the Tehachapi Mountains and
stored in groundwater banks for use in dry years. The two reservoir islands will have a combined
capacity to store 215,000 acre-feet of water and will be able to deliver about 160,000 acre-feet of
water each year. The final EIR assessing the impacts of diverting and storing the water and the
storage of the water in groundwater banks was certified in September 2011. Delta Wetlands is
currently working with the State Water Board to draft a new water rights permit.

The SWP Contractors and CUWA have expressed concern since the project was first proposed
that storing water on Delta islands with peat soils could result in high organic carbon
concentrations and other impacts on water quality at the Delta pumping plants. CUWA entered
into a settlement agreement with Delta Wetlands Properties in 2000 that included a Water
Quality Management Plan. The Water Quality Management plan focused on salinity and
disinfection byproduct precursors (organic carbon and bromide). CUWA and Delta Wetlands
plan to revise the Water Quality Management Plan to address other constituents of concern.
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Figure 2-1. Proposed Delta Wetlands Project
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POTENTIAL ACTIONS

SWPCA and MWQI should Continue to Track Projects that could Impact Delta Water

Quality.

SWPCA and MWQI have historically tracked projects that could impact Delta water quality and
have provided comments to the appropriate regulatory agency. This effort should continue. High
priority activities with the most potential to impact water quality include the BDCP and the Delta

Wetlands Project.

Final Report 2-53

June 2012



California State Water Project Chapter 2
Watershed Sanitary Survey 2011 Update System Environment

SWPCA and MWQI should Review the Draft BDCP EIR/EIS and Submit Comments on
the Water Quality Section and Appendices.

The draft BDCP EIR/EIS is scheduled to be released in September 2012. SWPCA and MWQI

should review these documents and submit comments on the water quality sections to ensure that
the impacts on drinking water quality have been adequately addressed.
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CHAPTER 3 WATER QUALITY BACKGROUND AND SUMMARY

Chapters 4 to 11 contains detailed descriptions of water quality conditions in the Sacramento-San
Joaquin Delta (Delta) and the State Water Project (SWP). Chapter 12 contains a description of
the latest research on constituents of emerging concern. 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:

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 4 through 11 are discussed in this section.

e Summary of Water Quality in the Watersheds and the SWP — This section contains a
summary of the findings for each constituent that is discussed in subsequent chapters.
The following chapters are organized as follows:

Chapter 4 — Organic Carbon

Chapter 5 — Salinity

Chapter 6 — Bromide

Chapter 7 — Nutrients

Chapter 8 — Taste and Odor Incidents and Algal Toxins
Chapter 9 — Turbidity

Chapter 10 — Pathogens

Chapter 11 — Organic Chemicals and Trace Elements
Chapter 12 — Constituents of Emerging Concern

O O O O O O O O O

e Status of Action Items — This section contains a discussion of the water quality action
items in the 2007 State Water Project Action Plan and progress made in the last five years
on completing those actions.

e Potential Actions — The SWP Contractors will develop the 2012 State Water Project
Action Plan upon completion of this watershed sanitary survey. Potential actions have
been identified as a starting point for the Action Plan.
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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 3-1 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 3-2 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 3-3. Barker Slough is a tidally influenced dead-end slough
which is tributary to Lindsey Slough. Lindsey Slough is tributary to the Sacramento River. The
pumping plant draws water from both the upstream Barker Slough watershed and from the
Sacramento River, via Lindsey Slough. 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.
SCWA delivers water to Travis Air Force Base and the cities of Benicia, Fairfield, Vacaville,
and Vallejo. Napa County delivers water to the cities of Napa, and American Canyon.

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 3-4 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 3-1. The State Water Project
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Figure 3-2. Delta Features and Monitoring Locations
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Figure 3-3. The North Bay Aqueduct
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Figure 3-4. 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 3-5. 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
3-6 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 3-7. 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 3-8 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 3-5. California Aqueduct between Banks Pumping Plant and San Luis Reservoir
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Figure 3-6. O’Neill Forebay and San Luis Reservoir
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Figure 3-7. San Luis Canal Reach of the California Aqueduct
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Figure 3-8. 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 3-9, 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. The water quality impacts of
these non-Project inflows are examined in Chapter 14. 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 3-10 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 3-11 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 3-9. California Aqueduct between Check 21 and Check 41

\
~

1
'\ Kettleman City

N Start San Joaquin

R Field Division
S—ck21 ‘

N
SCALE IN MILES

0 6 12

—T——

Coastal o )
e =Water Quality Monitoring Location

Branch
Aqueduct

Lost Hills
0&M Subcenter

Bakersfield
Cross Valley Canal

Kern River
Intertie

Ck 26

California Ck?28 ¥
Aqueduct

Ira J.Chrisman
Pumping Plant

San Joaquin
Buena Vista 0&M Center

Pumping Plant

& Pumping Plant

Ak 39,

*—— Surge Tank

\ End San Joaquin
) Field Division
1

Rk a1

Final Report

3-13 June 2012



Chapter 3

California State Water Project
Watershed Sanitary Survey 2011 Update Water Quality Background and Summary

Figure 3-10. The West Branch of the California Aqueduct

Tehachapi Afterbay
Tehachapi East Afterbay
California

Aqueduct
East Branch

Ck41

0so Pumping
Plant

To
Bakersfield
[N
on J

Quail Lake

I
1 SCALE IN MILES
Peace Valley | 0 2 4
HEiE —r——
I
1 ® = Water Quality Monitoring Location
|
¢ Vista del Lago

' Visitors Center
William E. Warne™]
Powerplant

Pyramid Dam
and Lake

Angeles Tunnel
Surge Chamber

Castaic Powerplant
(LADWP)

Elderberry Dam and
Forebay (LADWP)

California >
Aqueduct /
West Branch §
o
o
Castaic Dam and Lake

Castaic Outlet

@
x
]

~

Castaic Lagoon

To
Los Angeles

June 2012

Final Report 3-14



California State Water Project Chapter 3
Watershed Sanitary Survey 2011 Update Water Quality Background and Summary

Figure 3-11. 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 that follows in the
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. Daily flows measured at Freeport on the Sacramento River are shown in Figure 3-12 for
the period of October 1980 through December 2010. 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 3-2. 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 3-13 presents all available flow data for the
Yolo Bypass at Fremont Weir. During this time period (1996 to 2010), flows peaked at 326,000
cfs during the wet year of 1997.

Figure 3-14 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 3-1 presents the water year classifications for the
Sacramento and San Joaquin basins between 1980 and 2010. This table illustrates that there are
multi-year dry periods and multi-year wet periods.
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Figure 3-12. Flow in the Sacramento River at Freeport
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Figure 3-14. Flow in the San Joaquin River at Vernalis
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Table 3-1. 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 Above Normal
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

Source: http://cdec.water.ca.gov/cgi-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

export locations. Figure 3-15 shows the variable and seasonal nature of Delta outflow.
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Figure 3-15. Delta Outflow Index
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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 3-2). 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
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 3-16 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
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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 3-16. South Delta Temporary Barriers
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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 3-17. 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 2010 period, the Sacramento River
contributed an average of 58 percent of the water at Banks, the San Joaquin River contributed 27
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 3-18. This figure clearly shows
the greater influence of the San Joaquin River at Jones. During the 1991 to 2010 period, the
Sacramento and San Joaquin rivers each contributed an average of 44 percent of the water at
Jones and the eastside streams contributed 4 percent. The remaining water came from seawater
intrusion and agricultural drains.
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Figure 3-17. Volumetric Fingerprint at Clifton Court
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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 8.7 percent of the water volume at
Clifton Court and 7.2 percent at Jones. During the 1991 to 2010 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. As discussed later in this chapter, due to the high concentrations of DOC in
agricultural drainage, this is a significant source of organic carbon at both pumping plants.

On June 3, 2004, a levee failed on Upper Jones Tract, resulting in flooding of both Upper and
Lower Jones tracts. The fingerprints show the estimated percentage of water volume at Clifton
Court and Jones that came from the flooded island, initially as the island was opened to the
adjacent Delta channel and subject to tidal flow, then later as water was pumped from the island
into Delta channels after the levee break had been repaired.

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. The period of 1998 to 2010 was selected because
between 1998 and 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. As discussed in Chapter 2, 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. The impacts of the Wanger Decision and the
biological opinions on operations and water quality are discussed in Chapter 15.

North Bay Aqueduct

Water is pumped into the NBA via the Barker Slough Pumping Plant. Figure 3-19 presents
annual pumping at the Barker Slough Pumping Plant for the 1998 to 2010 period. The data for
1998 to 2009 were taken from the SWP Annual Report of Operations prepared by DWR. The
2010 report is not available so daily pumping was downloaded from the California Data
Exchange Center (CDEC) for 2010. Figure 3-19 shows pumped volumes ranged from about
36,000 acre-feet in 1998 to almost 60,000 acre-feet in 2007. Figure 3-20 presents the average
monthly pumping for the 1998 to 2010 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 3-19. Annual Pumping at the Barker Slough Pumping Plant
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Banks Pumping Plant

Water is pumped into the California Aqueduct via the Banks Pumping Plant. Figure 3-21
presents the annual pumping at Banks for the 1998 to 2010 period. The data for 1998 to 2009
were taken from the SWP Annual Report of Operations prepared by DWR. The 2010 report is
not available so daily pumping was downloaded from CDEC for 2010. Figure 3-21 shows
pumped volumes ranged from 1.2 million acre-feet in 2008 to over 4 million acre-feet in 2005.
As discussed previously, pumping operations changed starting in 2007. Figure 3-22 presents the
average monthly pumping from 1998 to 2006 and from 2007 to 2010. This figure shows that
pumping is highest in the summer months and lowest in the April to June period. Pumping
during the 2007 to 2010 period was lower in all months of the year compared to the previous
period, with the greatest reduction in June. It is difficult to separate the impacts of the biological
opinions from the impacts of hydrology. The 1998 to 2006 period had more wet years than dry
years, whereas the later period was predominantly dry. This issue is discussed in more detail in
Chapter 15.

South Bay Aqueduct

As discussed previously, water is pumped from Bethany Reservoir via the South Bay Pumping
Plant into the SBA. Figure 3-23 presents annual pumping at the South Bay Pumping Plant for
the 1998 to 2009 period. These data come from the SWP Annual Report of Operations prepared
by DWR. The 2010 report is not available and SBA pumping is not available on CDEC. Figure
3-23 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 3-24 presents the average monthly pumping
from 1998 to 2006 and from 2007 to 2009. 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. Unlike Banks, there has been more pumping during most months in the last few years
than during the 1998 to 2006 period. 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 3-25 presents the average monthly pumping at the
South Bay Pumping Plant and average monthly releases from Lake Del Valle for the 1998 to
2009 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 3-21. Annual Pumping at the Banks Pumping Plant
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Figure 3-22. Average Monthly Pumping at the Banks Pumping Plant
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Figure 3-23. Annual Pumping at the South Bay Pumping Plant
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Figure 3-24. Average Monthly Pumping at the South Bay Pumping Plant
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Figure 3-25. Monthly Pumping at the South Bay Pumping Plant
and Releases from Lake Del Valle (1998 to 2009)
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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 3-26 shows the average monthly pumping and releases from the Gianelli Pumping Plant
for the 1998 to 2009 period. Data were not available for 2010.
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Figure 3-26. Monthly Pumping at the Gianelli Pumping Plant
and Releases from San Luis Reservoir (1998 to 2009)
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WATER QUALITY DATA
DATA SOURCES

Sources of data for this chapter 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 4 through 11 contain a discussion of data collected at numerous locations in the major
rivers, the Delta, and the SWP, with varying periods of record. Figure 3-2 shows the monitoring
locations in the Delta and Figures 3-3 through 3-11 show the monitoring locations along the
SWP. Table 3-2 provides a brief explanation of the monitoring locations that are referred to in
the following chapters.
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Table 3-2. 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

gz:;/ 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 Banks Inception of California Aqueduct

Plant Headworks

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.

Final Report

3-30 June 2012




California State Water Project Chapter 3
Watershed Sanitary Survey 2011 Update Water Quality Background and Summary

Rather than comparing water quality conditions for the last five years (2006 to 2010) to data
from the previous five years, the entire period of record at each key location is evaluated and
discussed in this chapter. 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 3-2, 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 Gianelli.

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.

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.
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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 3-27 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 (o)) 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 3-27. Explanation of Box Plots
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WATER QUALITY SUMMARY

Chapters 4 through 11 contain detailed analyses 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.

ORGANIC CARBON

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 Total organic carbon (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 1.8 mg/L in the Sacramento River at Hood is not
statistically significantly different from the median TOC concentration of 2.0 mg/L at
West Sacramento, which is upstream of the Sacramento urban area (Mann-Whitney,
p=0.3395). 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 in the San Joaquin River at Vernalis is statistically
significantly higher than the median concentration of 1.8 mg/L at Hood (p=0.0000).

e TOC concentrations are much higher in the NBA than any other location in the SWP.
Wet season peak concentrations are generally in the range of 14 to 20 mg/L and the
median concentration is 5.5 mg/L. The local Barker Slough watershed is the source of
this TOC.

e TOC concentrations do not change as water flows from the Delta through the SBA and
the California Aqueduct when data collected during comparable periods of time are
aggregated and analyzed. The median TOC concentrations along the aqueduct range from
3.0 to 3.2 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.
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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 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 mg/L leading to the requirement to remove 45
percent of the TOC in the source water.

e The real-time samplers at Hood, Vernalis, and Banks 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. The real-time data
show that TOC peaks are higher than previously measured in grab samples. Peak
concentrations at Hood and Vernalis are more than 3 mg/L higher than those measured in
grab samples. There is a smaller difference at Banks with real-time peaks being about 1.5
mg/L higher than those measured in grab samples.

e DWR’s Municipal Water Quality Investigations (MWQI) Program staff conducted a
long-term trend analysis at Hood, Vernalis, and Banks (Personal Communication, Carol
DiGiorgio, DWR). Trends were analyzed for the entire period of record through 2008 at
each location and for the 1999 to 2008 period. Different results were obtained for the
different periods of time. For example, the analysis showed a declining trend in DOC at
all three locations during the longer period and an increasing trend at Hood and Vernalis
and no trend at Banks during the more recent period. This analysis showed that trends are
very much a function of the hydrology of the system during the starting and ending points
of the analysis. Another trend analysis conducted at Banks between 1990 and 2003 by
DWR O&M staff reached the same conclusion (DWR, 2005b).

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. 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. Inexplicable, the lower TOC concentrations have not been seen at
Devil Canyon.

e There are no statistically significant differences between median TOC concentrations in
dry years and wet years at many of the locations along the aqueduct, as shown in Table
3-3. Dry vyear concentrations are statistically significantly lower than wet year
concentrations at Barker Slough, Pacheco, Check 41, and Castaic Outlet. Conversely, dry
year concentrations are statistically significantly higher in the Sacramento and San
Joaquin rivers. With the exception of Barker Slough, there is generally only about a 10
percent difference between dry year and wet year median concentrations of TOC at the
locations where there is a statistically significant difference.
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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. San Luis
Reservoir and Castaic Lake display a different seasonal pattern. Concentrations are
highest in the summer months and lowest in the winter months.

e 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
(R?) is generally 0.9 or better. The two rivers have more particulate organic carbon and
poorer R? values.

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

Median TOC (mg/L) TOC

. . Percent Statistical
Location Y[t)egs Wet Years Dl(l;;egr/ti_n)ce Difference | Significance

Hood 1.9 1.7 0.2 11 D>W
Vernalis 3.6 3.2 0.4 11 D>W
Banks 3.2 3.2 0 0 No
Barker 4.2 5.8 -1.6 -38 D<W
DV Check 7 3.6 3.2 0.4 11 No
McCabe 3.2 3.2 0 0 No
Pacheco 3.2 3.5 -0.3 -9 D<W
O'Neill Forebay

Outlet 3.2 3.5 -0.3 -9 No
Check 21 3.0 3.2 -0.2 -7 No
Check 41 2.9 3.2 -0.3 -10 D<W
Castaic Outlet 2.7 3 -0.3 -11 D<W
Devil Canyon 3 3.2 -0.2 -7 No

SALINITY

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 (158 uS/cm) is statistically significantly lower than the median
of 163 puS/cm at West Sacramento when data from the same period of record are
compared (Mann-Whitney, p=0.0263). This small decrease in the median level is due to
the inflow of the American River (median EC of 62 uS/cm). The decrease is lower than
expected and probably due to the discharge of Sacramento area urban runoff and treated
wastewater to the river. EC levels at Vernalis (median of 629 pS/cm) are substantially
higher than the levels in the Sacramento River.
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EC levels in the NBA are higher and more variable than at Hood but lower than the levels
at Banks. Peak EC levels are found in April with a clear indication that the local Barker
Slough watershed is a contributor of salinity. The real-time results reveal a small but
statistically significant decrease in EC between Barker Slough (277 uS/cm) and Cordelia
(266 pS/cm) (Mann-Whitney, p=0.0000).

The median EC at Banks (408 uS/cm) is statistically significantly lower than the median
EC at Jones (451 puS/cm) due to the greater influence of the San Joaquin River at Jones
(Mann-Whitney, p=0.0082). EC does not change significantly between Banks, Del Valle
Check 7 (DV Check 7), and the Terminal Tank on the SBA. EC changes in the California
Aqueduct and SWP reservoirs are complex. Because different periods of record are
available at sampling locations, varying time periods are used to compare locations and
each time period has a different median at any given location. Consequently, the changes
in the aqueduct and reservoirs are described in terms of the increase or decrease in EC
levels rather than by comparing medians in this summary. There is an increase of 97
pS/em in EC between Banks and Pacheco; however the variability of EC in the reservoir
is greatly reduced. The increase between Banks and Pacheco is due to evaporation in the
reservoir, the timing of filling the reservoir, and the mixing of DMC water with aqueduct
water in O’Neill Forebay. EC increases along the DMC by 29 uS/cm between Jones and
O’Neill Intake. There is an increase of 63 pS/cm between Banks and O’Neill Forebay
Outlet and no statistically 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 16 uS/cm. This is likely due to the non-Project inflows of lower EC water in recent
years. The median EC at Castaic Outlet is 57 pS/cm higher than at Check 41 but there is
no statistically significant change between Check 41 and Devil Canyon. 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. There are differences at Vernalis,
Banks, Cordelia, and Devil Canyon. The EC levels in grab samples at Cordelia are
substantially higher than those measured by the real-time equipment. This warrants some
investigation because there is good correspondence between the real-time data at Barker
Slough and at Cordelia. Cordelia is a small forebay so it’s difficult to explain why there
would be such a difference between the real-time and grab sample data. The real-time
data at most other locations show that peak EC levels are slightly higher than those
measured in the grab samples. This is likely due to the sampling frequency, with the real-
time instruments capturing peaks that occur between the days that grab samples are
collected.
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DWR (2004) 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. 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.

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 3-4.
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.

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 the fall months. 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.

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

Median EC (uS/cm) EC -
Location Dry Wet Difference DTfi(reiggEe Sisg;?]l?ﬁ(t:::(l:e
Years Years (uS/cm)

Hood 168 146 22 13 D>W
Vernalis 745 456 289 39 D>W
Banks 497 312 185 37 D>W
Barker Slough 298 283 15 5 No
DV Check 7 452 311 141 31 D>W
McCabe 516 359 157 30 D>W
Pacheco 528 499 29 5 D>W
O'Neill Forebay 524 389 135 26 D>W
Outlet
Check 21 504 418 86 17 D>W
Check 41 482 381 101 21 D>W
Castaic Outlet 497 491 6 1 No
Devil Canyon 482 387 95 20 D>W
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BROMIDE

e Bromide concentrations in the Sacramento River are low, often at or near the detection
limit of 0.01 mg/L. Conversely, bromide concentrations are high in the San Joaquin River
(median of 0.25 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 does not change significantly between Banks, DV
Check 7, and the Terminal Tank on the SBA. There is a statistically significant increase
in bromide between Banks (median of 0.18 mg/L) and San Luis Reservoir (median of
0.25 mg/L) (Mann-Whitney, p=0.0002); however, the variability of bromide in the
reservoir is greatly reduced. Bromide concentrations in the DMC at McCabe (median of
0.20 mg/L) are not statistically significantly different from Banks so the increase between
Banks and Pacheco is attributed to evaporation in the reservoir and filling of the reservoir
when bromide concentrations are high in the Delta. There is a statistically significant
increase in bromide concentrations between Banks and O’Neill Forebay Outlet (median
of 0.22 mg/L) but 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 four years. There is good correspondence between the grab sample and
real-time data at these two locations. The real-time data at Banks show that bromide
concentrations are occasionally higher than the levels measured in grab samples.

e Bromide concentrations are a function of the hydrology of the system. There are apparent
downward trends in bromide concentrations at Vernalis and Banks that are simply due to
the fact that data collection began at these two sites during the drought of the early 1990s.
There is an apparent upward trend in bromide concentrations at Pacheco that is due to the
fact that bromide data were first collected in 2000, which was the end of six wet years
and bromide concentrations were low. 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 3-5. 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.
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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
May and then increase steadily throughout the summer, 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.

Table 3-5. Comparison of Dry Year and Wet Year Bromide Concentrations

Median Bromide Bromide o
Location (mg/L) Difference I_Dercent _Stay§t|cal
Dry Wet (mg/L) Difference | Significance

Years Years
Hood <0.01 <0.01 0 0 No
Vernalis 0.30 0.17 0.13 43 D>W
Banks 0.27 0.12 0.15 56 D>W
Barker Slough 0.04 0.04 0 0 No
DV Check 7 0.18 0.12 0.06 33 D>W
McCabe 0.24 0.13 0.11 46 D>W
Pacheco 0.26 0.23 0.03 12 D>W
O'Neill Forebay
Outlet 0.27 0.16 0.11 41 D>W
Check 21 0.24 0.15 0.09 38 D>W
Check 41 0.22 0.14 0.08 36 D>W
Castaic Outlet 0.23 0.16 0.07 30 D>W
Devil Canyon 0.23 0.15 0.08 35 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 (0.67 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 2 mg/L is the highest in the SWP
system. The total P median is 0.16 mg/L, twice the level found at Hood.
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¢ 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 0.18 mg/L. The
highest concentrations occur in the winter months due to the influence of runoff from the
local Barker Slough watershed.

e 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.

e 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 and Perris Outlet. The median concentrations are
substantially lower at Castaic Outlet (total N is 0.67 mg/L and total P is 0.04 mg/L) and
at Perris Outlet (total N is 0. 51 mg/L and total P is 0.03 mg/L). Algal uptake and
subsequent 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 at DV Check 7 and along the California
Agqueduct below San Luis Reservoir have been lower and less variable in the last five
years. 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.

e Comparison of nutrient concentrations in dry years and wet years does not produce a
consistent pattern throughout the system, as shown in Tables 3-6 and 3-7. At many
locations there are no differences between dry and wet years. At Hood and Vernalis, total
P concentrations are not statistically different between dry years and wet years but total N
concentrations are statistically significantly higher during dry years. This may be due to
the greater influence of the Sacramento Regional Wastewater Treatment Plant at Hood
and to agricultural drainage at Vernalis. At Pacheco, both total N and total P are
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. The pattern at Castaic Lake is
different with both total N and total P being statistically significantly higher in dry years.
Check 41 and Devil Canyon show the same pattern of higher total N concentrations in
dry years and lower total P concentrations in dry years. This may be related to non-
Project inflows that occur more frequently in dry years.

e 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. There
IS a secondary peak in total N concentrations in June that 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
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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.

Table 3-6. Comparison of Dry Year and Wet Year Total N Concentrations

Median Total N Total N
L . (mg/L) . Percent Statistical
ocation Difference . Lo
Dry Wet (mg/L) Difference | Significance
Years Years
Hood 0.74 0.60 0.14 19 D>W
Vernalis 2.2 1.8 0.40 18 D>W
Banks 0.99 0.82 0.17 17 No
Barker Slough 0.82 0.84 -0.02 -2 No
DV Check 7 0.84 0.89 -0.05 -6 No
McCabe NA NA
Pacheco 0.96 1.0 -0.04 -4 D<W
8 Neill Forebay 0.99 0.98 0.01 1 No
utlet
Check 21 1.0 1.1 -0.10 -10 No
Check 41 1.1 0.97 0.13 12 D>W
Castaic Outlet 0.7 0.55 0.15 21 D>W
Devil Canyon 1.0 0.88 0.12 12 D>W

Table 3-7. Comparison of Dry Year and Wet Year Total P Concentrations

Median Total P Total P
L ocati (mg/L) . Percent Statistical
ocation Difference . S
Dry Wet (mg/L) Difference | Significance
Years Years
Hood 0.09 0.08 0.01 11 No
Vernalis 0.16 0.16 0 0 No
Banks 0.10 0.10 0 0 No
Barker Slough 0.18 0.20 0.02 11 No
DV Check 7 0.09 0.10 -0.01 -11 No
McCabe NA NA
Pacheco 0.09 0.10 -0.01 -11 D<W
O'Neill Forebay 0.08 0.10 0.02 25 No
Outlet
Check 21 0.10 0.09 -0.01 -10 No
Check 41 0.08 0.10 -0.02 -25 D<W
Castaic Outlet 0.04 0.03 0.01 25 D>W
Devil Canyon 0.08 0.09 -0.01 -13 D<W
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TASTE AND ODOR INCIDENTS AND ALGAL TOXINS
Taste and Odor Incidents

e 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 taste and odor (T&O) problems.

e The NBA Contractors experienced a severe T&O episode in February 2009 that resulted
in numerous customer complaints when geosmin concentrations quickly increased to over
300 ng/L. The likely T&O producer was Aphanizomenon gracile. The NBA had to be
shut down for over six weeks, resulting in a significant loss of Delta water for the NBA
Contractors. SCWA works with DWR to monitor T&O compounds and to periodically
treat Campbell Lake. The combination of monitoring to detect problems and treatments
has been effective since the NBA users have had no further customer complaints.

e MIB and geosmin peaks in excess of 10 ng/L have occurred at Clifton Court every
summer since monitoring was initiated in 2003. MIB concentrations have exceeded 10
ng/L every year and geosmin concentrations have exceeded 10 ng/L in five of the ten
years that monitoring has been conducted at Banks. Concentrations exceeding 10 ng/L
can be detected by most people and 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. MIB
and geosmin concentrations exceeded 10 ng/L every summer between 2003 and 2007 and
again in 2010. The highest MIB concentration measured at DV Check 7 was 50 ng/L in
July 2007 and the highest geosmin concentration was 17 ng/L in July 2005. There was a
trend of increasing MIB concentrations between 2003 and 2007 but levels declined in the
last three years.

e MIB from the Delta is transported down the California Aqueduct to O’Neill Forebay
Outlet but the concentrations decrease with distance down the aqueduct. Peak levels
measured at O’Neill Forebay Outlet are 21 ng/L of MIB and 10 ng/L of geosmin.

e San Luis Reservoir has low levels of MIB and geosmin (usually 4 ng/L or lower) at
Pacheco and at the Inlet/Outlet tower on the east side of the reservoir.

e MIB and geosmin are generated in the aqueduct downstream from San Luis Reservoir.
Peak levels of 27 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 130 ng/L for MIB and 260 ng/L
for geosmin. MIB and geosmin concentrations have exceeded 10 ng/L every summer
since monitoring was initiated at Check 66 in 1999.
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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 the water column during an algal bloom. In Castaic the great depth of the
outlet generally ameliorates the T&O produced in the surface waters.

Silverwood Lake has peaks of both compounds that exceed 10 ng/L but do not reach the
high levels found in Castaic Lake. However, since Silverwood Lake is fully mixed, the
downstream SWP Contractors receive whatever levels of MIB and geosmin are present in
Silverwood Lake water. It is critical to control T&O producing algae in the East Branch
before Silverwood is loaded with the T&O compounds.

Algal Toxins

Microcystis aeruginosa blooms have occurred routinely in the summer months in the
Delta since 1999. While blooms are found throughout the Delta, the highest cell densities
are routinely found in the south Delta in Old River and Middle River.

DWR conducted cyanotoxin monitoring at various locations in the SWP for four years. In
2007 microcystin-LR was detected at all locations that were monitored, except Barker
Slough. It was below the reportable limit of 1 pg/L.

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 (19 NTU) are higher than at Hood (11 NTU).

The turbidity levels at Barker Slough are substantially higher (median of 32 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 create treatment
challenges for the NBA Contractors.

The median turbidity at Banks (9 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 and there is a small but statistically significant decrease with a median turbidity of
6 NTU at the Terminal Tank. This could reflect the influence of settling in Lake Del
Valle. 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 9
NTU at Banks to a median of 6 NTU at O’Neill Forebay Outlet below San Luis Reservoir
and then does not decrease significantly between O’Neill Forebay Outlet and Check 41.
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There are a number of real-time instruments measuring turbidity in the SWP. While some
of the real-time data (Pacheco and Check 41) show good correspondence with the grab
sample data, the others generally show poor correspondence. 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 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.

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 3-8. 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 3-8. Comparison of Dry Year and Wet Year Turbidity Levels

Median Turbidity Turbidity
L . (NTU) . Percent Statistical
ocation Difference . Lo
Dry Wet Difference | Significance
(NTU)

Years Years
Hood 10 12 -2 -20 D<W
Vernalis 19 18 1 5 No
Banks 8 10 -2 -25 D<W
Barker Slough 28 39 -11 -39 D<wW
DV Check 7 8 9 -1 -13 No
McCabe 13 14 -1 -8 No
Pacheco 2 2 0 0 No
O'Neill Forebay
Outlet 5 7 -2 -40 D<W
Check 21 5 7 -2 -40 D<W
Check 41 6 9 -3 -50 D<W
Castaic Outlet 1 1 0 0 No
Devil Canyon 2 3 -1 -50 D<W
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PATHOGENS

e The NBA Contractors and DWR completed the Long-term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR) monitoring during the study period, resulting in a Bin 1
classification. Peak total coliform monthly medians were higher than historical values,
often exceeding 1,000 MPN/100 ml and were the highest in the SWP sources evaluated.
However, fecal coliform monthly medians remained stable and below the 200 MPN/100 ml
advanced treatment threshold in all but one month. The current 2-log Cryptosporidium, 3-
log Giardia, and 4-log virus reduction requirements are adequate for the water treatment
plants (WTPs) that treat NBA water.

e The SBA Contractors completed additional protozoan monitoring and the results were
consistent with the previous Bin 1 classification. The highest coliform densities were seen
at ACWD’s WTP2, but 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 completed additional protozoan monitoring for the Santa Teresa WTP, which
receives water from San Luis Reservoir, and the results were consistent with the previous
Bin 1 classification. Peak total coliform monthly medians were higher than historical
values, while E. coli monthly medians remained stable 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 DWR San Luis O&M
WTPs.

e The City of Avenal (CVP Contractor) conducted coliform and protozoan monitoring for its
diversion on the San Luis Canal. The densities of total and fecal coliforms were generally
low. There were four months when the fecal coliform monthly median was greater than 200
MPN/100 ml. Protozoan analysis of the source water resulted in no detections. The
pathogen and coliform data indicate 2-log Cryptosporidium, 3-log Giardia, and 4-log virus
reduction requirements may be appropriate for the WTPs that utilize the San Luis Canal
portion of the California Aqueduct.

e CCWA completed LT2ESWTR monitoring during the study period, resulting in a Bin 1
classification. The coliform data continued to show generally low overall densities. Peak
total coliform monthly medians were higher than in the 2006 Update, while fecal coliform
and E. coli remained stable and 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 KCWA conducted coliform and protozoa monitoring near its turnout on the California
Aqueduct. Giardia and Cryptosporidium were not detected. The source was classified as
Bin 1 under the LT2ESWTR and no additional action is required at this time. Total

Final Report 3-45 June 2012



California State Water Project Chapter 3
Watershed Sanitary Survey 2011 Update Water Quality Background and Summary

coliform can exceed 1,000 MPN/100 ml with peak monthly medians greater than those
presented in the 2006 Update. E. coli densities remained stable and well below the 200
MPN/100 ml advanced treatment threshold. The protozoan and E. coli data indicate that the
California Aqueduct in this reach requires 2-log reduction of Cryptosporidium, 3-log
reduction of Giardia, and 4-log reduction of viruses.

e MWDSC and CLWA completed LT2ESWTR for their WTPs taking water from Castaic
Lake during the study period, resulting in a Bin 1 classification. Total coliform monthly
medians at MWDSC’s Jensen WTP intake exceed 1,000 MPN/100 ml during the summer
months and peak densities were higher than those presented in the 2006 Update. Fecal
coliform and E. coli remained stable and well below the 200 MPN/100 ml advanced
treatment threshold, with peak values occurring in 2006 and early 2007. Coliform densities
in Castaic Lake are lower and stable 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 AVEK completed its LT2ESWTR monitoring in 2006 and Palmdale completed its
monitoring in 2007. All four of AVEK’s WTPs and Palmdale’s WTP were classified as Bin
1. AVEK and Palmdale did not provide any new protozoa data for the study period. 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 increased in 2009 and
2010 and were often above 1,000 MPN/100 ml. The fecal coliform monthly medians were
well below the 200 MPN/100 ml threshold. 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 East Branch.

e MWDSC completed LT2ESWR monitoring at the Mills WTP and CLAWA completed
monitoring at its Silverwood Lake intake, resulting in Bin 1 classifications for both
agencies. MWDSC’s data show that total coliform monthly medians exceed 1,000
MPN/100 ml during the second half of most years and peak densities are higher than those
presented in the 2006 Update. Fecal coliform and E. coli remained stable and well below
the 200 MPN/100 ml advanced treatment threshold. 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 East Branch lakes.
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ORGANIC CHEMICALS AND TRACE ELEMENTS

DWR collects samples three times each year for organic chemicals. Chemical scans
include carbamate pesticides, chlorinated organic pesticides, chlorinated phenoxy
herbicides, sulfur pesticides, glyphosate, phosphorus/nitrogen pesticides, and purgeable
(volatile organics). Simazine, diuron, 2,4-D, and metolachlor are the chemicals most
frequently detected in the SWP. None of the detected chemicals was present in
concentrations exceeding a Maximum Contaminant Level (MCL); however, simazine
was detected at 3.35 pg/L at Check 41 in March 2007, which is close to the MCL of 4

Mo/L.

Lake Del Valle was listed by the State Water Resources Control Board on the 2006 and
2010 303(d) lists of impaired waterbodies for mercury and polychlorinated biphenyls
(PCBs). The listing is based on a finding of elevated levels of these pollutants in the
tissues of fish taken from the lake in April 2001. DWR analyzed 44 water samples
collected at the Lake Del Valle Conservation Outlet (Conservation Outlet) for dissolved
mercury between 1998 and 2010. Mercury was not detected in any of the samples with a
detection limit of 0.0002 mg/L. There are no PCB data for the Conservation Outlet in
DWR’s Water Data Library.

Of the inorganic chemicals for which MCLs exist, only arsenic is believed to have the
potential to be a problem in SWP supplies. The source of the arsenic is groundwater that
is allowed into the aqueduct between Check 21 and Check 41. When substantial inflows
are allowed into the California Aqueduct, the arsenic concentration at Check 41 is
substantially higher than the concentration at Check 21. This topic is discussed in greater
detail in Chapter 14.

CONSTITUENTS OF EMERGING CONCERN

Studies on the occurrence, fate, and transport; health effects; analytical methods; and
removal of constituents of emerging concern (CECs) in drinking water and wastewater
have been completed in the last five years. The five most frequently detected chemicals
in surface water in a recent nationwide study were cholesterol, metolachlor, cotinine, 3-
sitosterol, and 1,7-dimethylxanthine (Focazio et al., 2008). Another study showed the five
most frequently detected chemicals in surface waters were sulfamethoxazole,
carbamazepine, atrazine, phenytoin, and meprobamate (American Water Works Research
Foundation, 2008).

In 2010, the National Water Resources Institute (NWRI), MWDSC, and Orange County
Water District completed a source, fate, and transport study of endocrine disruptors
(EDCs) and pharmaceuticals and personal care products (PPCPs) that included eleven
sampling sites associated with the SWP (Guo et al., 2010). Of the 49 PPCPs and organic
wastewater contaminants analyzed, 21 analytes were detected at or above the minimum
reporting level, whereas the other 28 were not detected at all locations with the existing
minimum reporting levels. The most frequently detected CECs were carbamazepine,
diuron, sulfamethoxazole, caffeine, primidone, and TCEP. Many of the maximum
concentrations for the most frequently detected compounds were located in the San
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Joaquin River at Holt Road, just downstream of the Stockton Regional Wastewater
Control Facility. Certain PPCPs (carbamazepine, primidone, gemfibrozil, and
sulfamethoxazole) are highly attenuated as water moves downstream along the California
Aqueduct. However, detectable levels of some PPCPs were found at terminal reservoirs
in southern California. The NWRI study concluded there is no evidence of human health
risk from low levels of the commonly detected EDCs and PPCPs in drinking water or
drinking water supplies; however, more toxicological studies are needed.

e MWDSC and DWR completed a two-year study in April 2010 of the sources and
occurrence of N-nitrosodimethylamine (NDMA), other nitrosamines, and their precursors
in the Delta (DiGiorgio et al., 2010). The only instantaneous nitrosamine detected was
NDMA, once at the Mossdale sampling location at 4.2 ng/L, and once at the Vernalis
sampling location at 2.5 ng/L. NDMA formation potential concentrations were generally
two to four times higher downstream of the wastewater treatment plants. The second
phase of this study began in early 2011.

e The State Water Resources Control Board convened a CEC Science Advisory Panel to
develop guidance for the establishment of monitoring programs to assess potential CEC
threats from water recycling activities. The final report identified four indicator
compounds based on their toxicological relevance for groundwater recharge projects:
NDMA, 17 beta-estradiol, caffeine, and triclosan. Four additional CECs were identified
as viable performance indicators (N,N-Diethyl-meta-toluamide (DEET), gemfibrozil,
iopromide, and sucralose).

STATUS OF ACTION ITEMS

The 2007 State Water Project Action Plan contains the following actions related to the water
quality monitoring program:

SWPCA will Support Development and Implementation of DWR’s Comprehensive Plan
This action item was classified as an immediate action because it was important to address
current critical water quality concerns. The comprehensive plan refers to the efforts to develop
the Real-Time Data and Forecasting Program (RTDF) and includes the following elements:
e Review existing DWR water quality monitoring programs on an ongoing basis.
¢ Identify the need for new monitoring activities, particularly real-time data collection,
to enhance the ability to rapidly detect and react to water quality events, and to

forecast water quality conditions in the SWP.

e Coordinate monitoring, assessment, and forecasting activities between DWR and
SWC agencies, and within various DWR units.

e Provide resources to implement necessary improvements.
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e Provide continuing oversight and coordination.
e Develop the Aqueduct Blending Model.

DWR determined that seven new staff positions were needed to support the RTDF Program. The
SWP Contractors agreed to provide the additional funding needed to support this effort and have
been doing so since 2008.

Request that DWR Discontinue SWP Monitoring for Methyl Tertiary Butyl Ether (MTBE)

This action item was classified as an immediate action because it is easy to implement and does
not require significant staff time. The rationale for this recommendation was that MTBE has
been banned in gasoline in California and MTBE had not been detected in the SWP since 2003.
The SWP Contractors verbally requested that MTBE monitoring be discontinued in October
2001. O&M has continued to monitor MTBE three times per year in the SWP.

POTENTIAL ACTIONS

MONITORING PROGRAM

MWQI, O&M, and other DWR Divisions should Continue to Enter Data Analyzed at
Other Laboratories in the Water Data Library, When Feasible.

When data are analyzed by outside laboratories, the data are not automatically entered into the
Water Data Library. For example, the MIB and geosmin data analyzed by MWDSC are
transmitted to the SWP Contractors in Excel files to provide quick access to the data. This should
be continued; however, the data should subsequently be entered into the Water Data Library to
provide a permanent record. Bacteria and pathogen data are another example of data that should
be entered into the Water Data Library. Analytical methods, detection limits, and all other
information normally included for samples analyzed at DWR’s laboratory should also be
included when data from other laboratories are entered into the Water Data Library.

O&M should Enter All Historical Data Collected on the SWP in the Water Data Library.

MWQI conducted an analysis of all of their data in 2011 to determine if it had been entered into
the Water Data Library. The O&M Division has conducted a similar analysis and has plans to
enter all remaining data; however, it is currently not a high priority due to limited staff resources.
Examples of missing data include TOC data at Banks between 1989 and 1998 and data collected
at the check structures along the California Aqueduct prior to December 1997. The SWP
Contractors should consider providing financial assistance to ensure that the data are entered into
the Water Data Library.
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REAL-TIME MONITORING

O&M should Evaluate the Real-time and Grab Sample Data to Determine if the Apparent
Anomalies are Real, and if They Are, Determine What Corrective Action is Needed.

O&M should conduct a more rigorous analysis of the real-time and grab sample data listed in

Table 3-9 to determine if there are problems with the real-time instruments that can be corrected
with more frequent maintenance.

Table 3-9. Real-time Equipment Anomalies

Location Constituent Issue

Vernalis EC The real-time sampler does not often measure the peak levels
above 1,000 puS/cm that are measured in the grab samples.
The real-time sampler peak levels are often higher than grab

Banks EC
samples collected on the same day.

Cordelia EC The real-time measurements are generally lower than the grab
samples.

Devil Canyon EC The real-time measurements are often higher than the grab
samples.

Banks Turbidity The real-time measurements are systematically higher than the
grab samples.

Barker Turbidity The real-time measurements are routinely higher than the grab
samples.

Cordelia Turbidity The real-time measurements are routinely higher than the grab
samples.

DV Check 7 Turbidity The real-time measurements are often substantially higher
than the grab samples.

O’Neill Forebay - The real-time measurements are often substantially higher

Turbidity
Outlet than the grab samples.
Devil Canyon Turbidity ;Fahne; prﬁfsl-tlme measurements are often lower than the grab

O&M and the SWP Contractors should Review the Real-time Data Frequently to Allow
Instrument Malfunctions to be Detected and Quickly Corrected.

In some cases, there are long periods of time when an instrument was clearly providing
erroneous readings. These problems could be caught and corrected by reviewing the real-time
data on a regular basis.
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INFLUENCE OF THE SAN JOAQUIN RIVER

MWQI should Conduct a Review of Literature and Data Collected on the San Joaquin
Watershed.

This review should identify the sources of key drinking water contaminants in the watershed and
identify any data and information gaps. This information will be valuable in evaluating the
results from the WARMF model for the San Joaquin watershed which is under development.
This effort should be coordinated with CV-SALTS to determine if the necessary information on
salt and nitrate has been developed through that effort.

WATER QUALITY TRENDS

O&M should Conduct an Analysis of the Changes in Water Quality between O’Neill
Forebay Outlet and Check 21.

The analysis should include a review of TOC and other constituents to examine the seasonal
patterns. The changes between O’Neill Forebay Outlet and Check 21 should be related to flows
in the aqueduct, inflows to the aqueduct, and any other factors that could affect water quality
between the two locations.

TASTE AND ODOR INCIDENTS AND ALGAL TOXINS

The SBA Contractors should Consider Analyzing T&O Samples from Banks and the SBA
in their Laboratories.

Due to the proximity of the SBA to Banks Pumping Plant, water moves quickly into the SBA
and T&O issues occasionally arise in the SBA before the weekly email reports reach the SBA
Contractors. While the SBA Contractors can monitor general trends in MIB and geosmin over
the course of several weeks, there can be times when the concentrations increase rapidly. O&M
currently ships the samples to MWDSC for analysis in its laboratory. If the SBA Contractors
analyzed the Banks and SBA samples, the information could be available to them within 24
hours of sample collection rather than several days after the samples are collected.

PATHOGENS

SWP Contractors should Consider Using E. coli as the Fecal Indicator Organism.

Most SWP Contractors are using E. coli as the fecal indicator organism. Two agencies (City of
Fairfield and Palmdale) are using fecal coliforms. These agencies should consider converting to

or adding E. coli as their source water fecal indicator. E. coli has been determined by USEPA to
be a better indicator of the potential presence of protozoa and is used under the LT2ESWTR.
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Coliform Samples should be Adequately Diluted to Allow Enumeration of Peak Values.

The SWP Contractors should review their coliform data results to determine if and when peak
values exceeded enumeration limits (results reported as greater than an upper limit) and if so,
develop a plan to require dilution by the lab during periods that are projected to have elevated
coliform levels to provide enumerated values for coliform.

CONSTITUENTS OF EMERGING CONCERN
SWPCA should Track On-going Research on PPCPs and EDCs.

The Water Research Foundation has a number of CEC-related studies in progress regarding
analytical methods, planning monitoring programs, statistical tools, and consumer perceptions
towards EDCs and PPCPs. Some of the SWP Contractors are participating in these studies. The
SWP Contractors should stay apprised of recent research. Some of the on-going studies to track
are:

e Evaluation of Analytical Methods for EDCs and PPCPs via Inter-Laboratory Comparison
#4167

e Water Utility Framework for Responding to Emerging Contaminant Issues - #4169

e Building a National Utility Network to Address EDC/PPCP Issues - #4261

e EDC/PPCP Benchmarking and Monitoring for Drinking Water Utilities - #4260

e Consumer Perceptions and Attitudes Toward EDCs and PPCPs in Drinking Water #4323

In addition, the USEPA Endocrine Disruptor Screening Program is underway and will determine
which chemicals are of greatest risk for endocrine disruption to the environment and to human
health.

SWPCA should Work with both the City of Sacramento and the County of Sacramento on
Proper Disposal Instructions.

Controlling these contaminants at the source will likely be most cost-effective and will result in
benefits to drinking water and aquatic organisms. The websites for the City and the County do
not clearly address disposal of medications. The SWP Contractors should work with the City and
the County to ensure information on proper disposal of unused PPCPs and locations where
residents can safely dispose of medications is available on their respective websites. Many
consumers are advised by their pharmacists to dispose of unneeded drugs by flushing them down
the toilet or pouring them down the drain.
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CHAPTER 4 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 is 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 (TTHMSs) and haloacetic acids (HAADS) has resulted in federal and state drinking
water regulations controlling their presence in treated drinking water. As discussed in Chapter 2,
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
4-1. 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 4-1. Percent TOC Removal Requirements

Alkalinity (mg/L as CaCO
TOC (mg/L) 450 >y éo . 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 HAA5 MCLs as an average at each
compliance monitoring location (instead of as a system-wide average as in previous rules). The
Stage 2 DBP Rule will reduce DBP exposure and related potential health risks, and provide more
equitable public health protection. Stage 2 DBP Rule compliance monitoring under the federal
rule began in April 2012 for the largest water systems. CDPH will adopt its own version of the
Stage 2 DBP Rule regulations in the near future.

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 pM 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. Therefore, this analysis includes both TOC and DOC.

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
are compared to real-time results that are analyzed by the combustion method since most of the
real-time analyzers use the combustion method.
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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 3 for a description of the fingerprinting methodology). The
DOC fingerprints for the 1991 to 2010 period are shown in Figures 4-1 and 4-2. 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 2010
period, the Sacramento River contributed a median DOC concentration of 1.2 mg/L at Clifton
Court, the San Joaquin River contributed 0.5 mg/L, and agricultural drains contributed 1.0 mg/L.
The eastside streams contributed a median of 0.2 mg/L and the median contribution from
seawater was 0 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 4-2 also shows the
greater influence of the San Joaquin River on water quality at Jones. During the 1991 to 2010
period, the San Joaquin River contributed a median DOC concentration of 1.2 mg/L at Jones, the
Sacramento River contributed 0.9 mg/L, and agricultural drains contributed 0.8 mg/L. The
eastside streams contributed a median of 0.1 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.

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 2010 were obtained for a number of locations along the SWP. Table
4-2 shows the period of record for each location included in this analysis.
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Figure 4-1. DOC Fingerprint at Clifton Court
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Figure 4-2. DOC Fingerprint at Jones
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Table 4-2. Organic Carbon Data

TOC DOC
Location No. of Start No. of Start

Samples Date End Date Samples Date End Date
West Sacramento 217 | Feb 1995 | Dec 2010 271 | Apr1994 | Dec 2010
American 244 | Nov 1986 | Dec 2010 308 | Jun 1989 | Dec 2010
Hood 605 | Sep 1997 | Dec 2010 698 | Aug 1997 | Dec 2010
Greenes Landing 69 | Feb 1995 | May 1998 249 | Jul 1989 | May 1998
Mokelumne 44 | Dec 2008 | Dec 2010 44 | Dec 2008 | Dec 2010
Calaveras 40 | Dec 2008 | Dec 2010 40 | Dec 2008 | Dec 2010
Vernalis 536 | Nov 1986 | Dec 2010 734 | Dec 1986 | Dec 2010
Clifton Court 208 | Nov 1986 | Dec 2010 246 | Nov 1989 | Dec 2010
Banks 283 | Nov 1986 | Dec 2010 424 | Jul 1989 | Dec 2010
Barker Slough 339 | Sep 1988 | Dec 2010 406 | Jul 1989 | Dec 2010
DV Check 7 140 | Dec 1997 | Dec 2010 117 | Feb 2000 | Dec 2010
Jones 19 | Jan 2009 Dec 2010 19 | Jan 2009 | Dec 2010
McCabe 152 | Dec 1997 | Dec 2010 130 | Mar 2000 | Dec 2010
Pacheco 89 | Apr 2000 | Dec 2010 88 | Apr 2000 | Dec 2010
O’Neill Forebay Outlet 198 | Jul 1988 Dec 2010 183 | Aug 1990 | Dec 2010
Check 21 152 | Feb 1998 | Dec 2010 138 | Mar 2000 | Dec 2010
Check 29 139 | Apr 2000 | Dec 2010 164 | Apr 2000 | Dec 2010
Check 41 164 | Dec 1997 | Dec 2010 138 | Mar 2000 | Dec 2010
Castaic Outlet 138 | Feb 1998 | Dec 2010 130 | Mar 2000 | Dec 2010
Devil Canyon Headworks 117 | Jun 2001 | Dec 2010 117 | Jun 2001 | Dec 2010
Devil Canyon Afterbay 40 | Dec 1997 | May 2001 15 | Mar 2000 | May 2001
Perris Outlet 131 | Mar 2000 | Dec 2010 132 | Mar 2000 | Dec 2010
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The SWP Watershed

Figure 4-3 presents the TOC data for the tributaries to the Delta and for Clifton Court 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 and Greenes Landing represent the quality of water
flowing into the Delta from the Sacramento River. The Mokelumne River at Wimpy’s Marina
(Mokelumne) and Calaveras River at Brookside Road (Calaveras) provide information on the
quality of these two eastside streams as they flow into the Delta. Data collected from the San
Joaquin River at Vernalis (Vernalis) are used to represent the San Joaquin River inflow to the
Delta. Figure 4-3 indicates that TOC concentrations are lower in the Sacramento River than the
San Joaquin River. TOC data have been collected twice a month from the Mokelumne and
Calaveras rivers since December 2008. The limited data show that the Mokelumne River TOC
concentrations are similar to the Sacramento River concentrations, whereas the Calaveras River
concentrations are higher than Vernalis.

Figure 4-3. TOC Concentrations in the SWP Watershed
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Hood — Figure 4-4 shows all available TOC data at Hood. The concentrations range from 1.0 to
6.6 mg/L during the period of record with a median of 1.8 mg/L.

Comparison of Real-time and Grab Sample Data — Figure 4-5 compares the real-time data
with the grab sample data at Hood. 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. The real-time data show that peak concentrations of TOC are considerably
higher than those measured with the grab samples, as would be expected with more
frequent data collection.

Spatial Trends — Figure 4-3 presents all available 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 period of record varies between
the three stations so the data collected during the 1998 to 2010 period at all three locations
were examined to determine if there are spatial trends. The median concentrations during
the 1998 to 2010 period are the same as shown on Figure 4-3, which presents all available
data at each location. The American median TOC concentration of 1.6 mg/L is statistically
significantly lower than the median of 2.0 mg/L at West Sacramento and the median of 1.8
mg/L at Hood (Mann-Whitney, p=0.0000). There is no statistically significant difference
between West Sacramento and Hood (Mann-Whitney, p=0.3395), 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 — MWQI staff conducted an analysis of long-term trends in TOC and
DOC at Hood (Personal Communication, Carol DiGiorgio, DWR). MWQI staff combined
DOC data from Greenes Landing and Hood for this analysis since data were not collected
at Hood prior to 1997. During the 1990 to 2008 period there was a decreasing trend in
DOC concentrations (p=0.04) but no trend in DOC loads or flow. During the 1999 to 2008
period there was an increasing trend in DOC and TOC concentrations (p<0.01). Figure 4-6
presents the DOC data for Greenes Landing (July 1989 to July 1997) and Hood (August
1997 to December 2010). As shown in this figure, the starting point of the 20-year trend
analysis was the 1990 to 1992 period when DOC concentrations were high. These were the
last three years of a six year drought. The 20-year trend analysis ended in 2008, which was
the second year of a four year drought. DOC concentrations in 2008 were lower than in
1990, thus leading to a decreasing trend. The ten-year trend analysis, which showed an
increasing trend in both DOC and TOC concentrations, started in 1999 which was the fifth
year in a six year wet cycle, when DOC concentrations were low. The ending point (2008)
had higher DOC concentrations than in 1999. The DOC concentrations at Hood are driven
by the hydrology of the system so long-term trends are very much a function of the
hydrology during the starting and ending points of the analysis.

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
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below normal, dry, and critical. The median concentration during dry years of 1.9 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.

e Seasonal Trends — All available data (1997 to 2010) were sorted by month and plotted on
Figure 4-7. 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
concentrations increase during the November to February period when storm events flush
the carbon from the watershed.

e DOC/TOC Relationship — Figure 4-8 shows the relationship between DOC and TOC at
Hood. There is good correspondence at low concentrations and considerable variability at
higher concentrations.

Figure 4-4. TOC Concentrations at Hood
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Figure 4-5. Comparison of Hood Real-time and Grab Sample TOC Data
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Figure 4-7. Monthly Variability in TOC at Hood
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Figure 4-8. Relationship between DOC and TOC at Hood
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Vernalis — Figure 4-9 shows all available TOC data at Vernalis. The concentrations range from
2.0 to 10.5 mg/L during the period of record with a median of 3.3 mg/L.

Comparison of Real-time and Grab Sample Data — Figure 4-10 compares the real-time data
with the grab sample data at Vernalis. 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. As at Hood, the real-time data show that peak concentrations of TOC are
considerably higher than those measured with the grab samples.

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

Long-term Trends — MWQI staff conducted an analysis of long-term trends in TOC and
DOC at Vernalis (Personal Communication, Carol DiGiorgio, DWR). During the 1987 to
2008 period there was a decreasing trend in DOC concentrations (p=0.02) but no trend in
DOC loads or flow. During the 1999 to 2008 period there was an increasing trend in DOC
and TOC concentrations. (p<0.01). These trends are the same as the trends for Hood.
Figure 4-11 presents the DOC data for Vernalis. MWQI staff concluded that hydrology
drives the system on the San Joaquin River, as it does on the Sacramento River.

Wet Year/Dry Year Comparison — The median concentration during dry years of 3.6 mg/L
is statistically significantly higher than the median during wet years of 3.2 mg/L (Mann-
Whitney, p=0.0000). 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.

Seasonal Trends — The seasonal pattern on the San Joaquin River is different from the
Sacramento River. Figure 4-12 shows that TOC concentrations are highest during the
winter months with peaks generally around 7 to 8 mg/L. 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.

DOC/TOC Relationship — Figure 4-13 shows the relationship between DOC and TOC at
Vernalis. There is more variability at low concentrations and a tighter fit at higher
concentrations.

Final Report 4-11 June 2012



California State Water Project
Watershed Sanitary Survey 2011 Update

Chapter 4
Organic Carbon

Figure 4-9. TOC Concentrations at Vernalis
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Figure 4-10. Comparison of Vernalis Real-time and Grab Sample TOC Data
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Figure 4-11. DOC Concentrations at Vernalis
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Figure 4-13. Relationship Between DOC and TOC at Vernalis
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Banks — As shown in Figure 4-1, the primary sources of organic carbon at Clifton Court and
Banks are the Sacramento and San Joaquin rivers and Delta agricultural drainage. Figure 4-14
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 3.2 mg/L.

Comparison of Real-time and Grab Sample Data — Figure 4-15 compares the real-time data
with the grab sample data at Banks. 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. As with the two river stations,
the real-time data show that peak TOC concentrations are higher than those captured by the
grab sample data. During the winters of 2005, 2006, and 2008, the peak concentrations
measured with the real-time instrument were about 2 mg/L higher than the peaks measured
in the grab samples.

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 were presented previously in Figure 4-3. Since the period
of record varies between the three stations, a subset of the data that includes only data
collected at the three stations during the same time period (1998 to 2010) are shown in
Figure 4-16. The median TOC concentration of 3.1 mg/L at Banks is statistically
significantly higher than the median of 1.8 mg/L at Hood (Mann-Whitney, p=0.0000) and
statistically significantly lower than the median of 3.3 mg/L at Vernalis (p=0.0011).

Long-term Trends — MWQI staff examined DOC trends at Banks from 1989 to 2008 and
from 1999 to 2008 (Personal Communication, Carol DiGiorgio, DWR). DOC
concentrations decreased between 1989 and 2008 and showed no trend between 1999 and
2008. MWQI staff also analyzed TOC during the 1989 to 2009 period and found no trend.
In another DWR study, a decreasing trend in TOC was found between 1990 and 2003
(DWR, 2005). The decreasing trends were attributed to increased pumping at Banks during
the summer months, which drew more Sacramento River water into the Delta. The DOC
data at Banks are shown in Figure 4-17.

Wet Year/Dry Year Comparison — Although the range of concentrations during dry years is
larger than during wet years, the median concentrations are the same at 3.2 mg/L.

Seasonal Trends — Figure 4-18 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.

DOC/TOC Relationship — Figure 4-19 shows the good relationship between DOC and
TOC at Banks. DOC is generally about 92 percent of TOC at Banks.
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Figure 4-14. TOC Concentrations at Banks
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Figure 4-16. Comparison of Locations During Same Period of Record (1998-2010)
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Figure 4-18. Monthly Variability in TOC at Banks
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Figure 4-19. Relationship Between DOC and 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

Since the NBA is an enclosed pipeline, the quality of water delivered to NBA users is governed
by the timing of diversions from Barker Slough. Figure 4-20 shows average monthly diversions
at Barker Slough for the 1998 to 2010 period and median monthly TOC concentrations. As
discussed in Chapter 3, the Wanger Decision and the biological opinions have not greatly
affected the pumping patterns at Barker Slough. 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.
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.

Figure 4-20. Average Monthly Barker Slough Diversions and Median TOC Concentrations

7,000 14.0
= Diversions

6,000 Median TOC | | 120
5,000 10.0
4,000 .

3,000 r 6.0

2,000 4.0

- ] I I -

0 4 T T T T T T T + 0.0
Jan Feb Mar Apr M

ay Jun Jul Aug Sep Oct Nov Dec

[oe]
o

TOC (mg/L)

Average Monthly Diversions (acre-feet)

Final Report 4-19 June 2012



California State Water Project Chapter 4
Watershed Sanitary Survey 2011 Update Organic Carbon

TOC Concentrations in the NBA

Organic carbon data are collected at Barker Slough but not at Cordelia Forebay. Figure 4-21
presents all available TOC data for Barker Slough. The concentrations range from 0.1 to 43
mg/L with a median concentration of 5.5 mg/L. As discussed previously, TOC removal
requirements by water treatment plants are based on source water TOC and alkalinity
concentrations (see Table 4-1). The average TOC concentration at Barker Slough is 6.8 mg/L
and the average alkalinity concentration is 99 mg/L as CaCOj;. 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 4-21.
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 — Data have been collected for a longer period of record at Barker Slough
than at Hood. Figure 4-22 presents the data for Hood and Barker Slough collected during
the same time period (1998 to 2010). This figure 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 4-21 does not reveal any discernible
long-term trend in the data.

e Wet Year/Dry Year Comparison — Figure 4-21 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 4-23 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.

e DOC/TOC Relationship — Figure 4-24 shows the good relationship between DOC and
TOC at Barker Slough. DOC is generally about 86 percent of TOC.
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Figure 4-21. TOC Concentrations at Barker Slough
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Figure 4-23. Monthly Variability in TOC at Barker Slough
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Figure 4-24. Relationship Between DOC and 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 4-25 shows average monthly
diversions at the South Bay Pumping Plant, releases from Lake Del Valle, and median monthly
TOC concentrations at Del Valle Check 7 (DV Check 7). Diversion data were not available for
2010. 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 2010 period that data have been collected is 4.2 mg/L, indicating that Del
Valle releases may increase the concentration of TOC delivered to SBA Contractors.
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Figure 4-25. 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 4-26 shows all available TOC data at DV Check 7.
The concentrations range from 2.1 to 9.2 mg/L during the period of record with a median of 3.4
mg/L. The average TOC concentration at DV Check 7 is 3.8 mg/L and the average alkalinity
concentration is 68 mg/L as CaCOj3. 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 4-26. Alkalinity concentrations are generally
in the range of 60 to 120 mg/L as CaCO3; when TOC concentrations are high, leading to the
requirement to remove 35 percent of the TOC in the source water.

Spatial Trends — Figure 4-27 compares data collected from the same time period (1997 to
2010) at Banks and DV Check 7. The median concentration of 3.4 mg/L at DV Check 7 is
not statistically significantly higher than the median concentration of 3.2 mg/L at Banks
(Mann-Whitney, p=0.1881). Figure 4-28 compares TOC concentrations at the
Conservation Outlet and DV Check 7. The limited data from the Conservation Outlet show
that TOC is less variable in Lake Del Valle, with most values falling between 3.0 and 5.0
mg/L. At times, such as the fall of 2005 and 2006, the TOC concentrations at the
Conservation Outlet were higher than at DV Check 7. This indicates that during the fall
months when water is being released from Lake Del Valle to the SBA, the TOC
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concentrations downstream of Lake Del Valle are potentially higher than the concentrations
in water coming from the Delta.

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.

e Wet Year/Dry Year Comparison — The dry year median concentration of 3.6 mg/L is not
statistically different from the wet year median concentration of 3.2 mg/L (Mann-Whitney,
p=0.0609).

e Seasonal Trends — Figure 4-29 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.

e DOC/TOC Relationship — Figure 4-30 shows the relationship between DOC and TOC at
DV Check 7. DOC is generally about 86 percent of TOC, slightly lower than the 92 percent
at Banks. In general DOC represents a smaller fraction of TOC during the summer months.
The increased particulate organic carbon in the summer months could potentially be due to
algal growth in the SBA.

Figure 4-26. TOC Concentrations at DV Check 7
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Figure 4-27. TOC Concentrations at Banks and DV Check 7 (1997-2010)
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Figure 4-28. TOC Concentrations at DV Check 7 and the Conservation Outlet
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Figure 4-29. Monthly Variability in TOC at DV Check 7

10

TOC (mg/L)

T
=

HH

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Note: Insufficient data to plot all percentiles.

Figure 4-30. Relationship Between DOC and 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. The impact of non-Project inflows on water quality is discussed in Chapter 14 and the
influence of terminal reservoirs in modulating TOC concentrations is discussed later in this
chapter.

Figure 4-31 shows average monthly diversions at the Banks Pumping Plant and median monthly
TOC concentrations. The diversions are shown for 1998 to 2006 when Delta operations were
governed by the 1995 Bay-Delta Plan (D-1641) and for the 2007 to 2010 period when operations
were governed by the Wanger Decision and the biological opinions. The diversion pattern during
the 2007 to 2010 period was the same as the prior years; however, less water was diverted at
Banks in every month of the year. The impact of the biological opinions on water quality is
discussed in Chapter 15. Diversion patterns may shift depending upon the actions required by the
final biological opinions. Since 1998, diversions have been highest in the July to September
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 4.0
mg/L.

Figure 4-32 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 2009 period that data were available, the DMC
contributed between 26 and 44 percent of the water entering O’Neill Forebay with a median of
30 percent. The pumping pattern 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 3.2 mg/L during the fall
months and from 4.0 to 4.7 mg/L during the spring months. These concentrations are similar to
those found at Banks.
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Figure 4-31. Average Monthly Banks Diversions and Median TOC Concentrations
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Figure 4-32. Average Monthly Pumping at O’Neill and Median TOC 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. Figure
4-33 shows the pattern of 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. TOC data are not currently collected on releases from San Luis Reservoir to O’Neill
Forebay so the data from Pacheco are shown to represent the quality of water entering O’Neill
Forebay from the reservoir. DWR is currently installing a water quality monitoring station in the
channel between San Luis Reservoir and O’Neill Forebay. This will provide valuable
information on the quality of water released to O’Neill Forebay.

Figure 4-33. San Luis Reservoir Operations and Median TOC Concentrations
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Figure 4-33 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 (2.7 to 3.0 mg/L at
Banks and 2.6 to 3.2 mg/L at McCabe).

e Winter Filling — Filling continues between January and March when median TOC
concentrations at Banks (4.5 to 5.1 mg/L) and McCabe (4.0 to 4.7 mg/L) are high

e Spring and Summer Releases — Water is released during the April to August period when
median TOC concentrations at Pacheco range from 3.3 to 3.6 mg/L. During April, the
TOC concentration in water released from San Luis Reservoir (median of 3.3 mg/L) is
initially lower than the water entering O’Neill Forebay from the California Aqueduct
(median of 4.0 mg/L) and the DMC (median of 3.5 mg/L). During May the
concentrations in the DMC (median of 3.1 mg/L) are lower than in the California
Aqueduct (median of 3.5 mg/L) and the releases from San Luis Reservoir (median of 3.6
mg/L). In June, the median concentration is 3.5 mg/L at all three locations. In 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 4-34 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 2.9 to 3.3 mg/L, with the exception of the terminal reservoir,
Lake Perris. The median concentration in Lake Perris is 4.0 mg/L, likely due to algal growth in
the reservoir during the summer months. There isn’t a clear pattern of change as water flows
south in the SWP system.
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Figure 4-34. 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. Data have
also been collected at Jones since March 2009. Figure 4-34 shows all available TOC data for
both locations. The TOC median concentration at Jones and McCabe is 3.2 mg/L. Figure 4-35
presents the TOC data for McCabe. The concentrations range from 2.3 to 9.7 mg/L.

e Spatial Trends — There are currently limited data at Jones so it is not possible to compare
the Jones and McCabe data to evaluate the impacts of inflows to the DMC that occur
upstream of the McCabe station. At this time, the 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. All available data from Banks, Jones, and McCabe are presented in
Figure 4-34. 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
2010) was analyzed. The median concentration is 3.2 mg/L at both locations for the 1997 to
2010 period and the data spread is similar, despite the fact that the DMC receives more
water from the San Joaquin River and there are inputs to the DMC upstream of McCabe.

e Long-Term Trends — Visual inspection of Figure 4-35 does not display any discernible
trend in the TOC concentrations.

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

e Seasonal Trends — Figure 4-36 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. Vernalis has a secondary peak in TOC concentrations during the summer that
does not appear at McCabe.

e DOC/TOC Relationship — There is a good relationship between DOC and TOC (R*=0.93),
as shown in Figure 4-37. DOC is approximately 93 percent of TOC, which is similar to
Banks.
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Figure 4-35. TOC Concentrations at McCabe

12.0
— Dry Years
Wet Years
10.0 f1
8.0
) H
g 6.0 A
: I {\ (\
i A
'_
) \”W\\//Ak/ | ""\,\l“'ﬂy‘\]\/J \W VW
20
0.0 T T
A D > N\ N 2 & g H o { o O QJ
s & S 8 & N
0‘}' Oé Oé' Oé’\'9 Oc}' 06’\' 0‘}'9 C><}'9 0“'9 06& Oc}'9 Oé’\'9 Oc} Oé
Figure 4-36. Monthly Variability in TOC at McCabe
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Figure 4-37. Relationship Between DOC and 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 but data have not historically been collected at Gianelli.
Figure 4-38 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 2.3 to 4.6 mg/L with a median of 3.3 mg/L.

Spatial Trends — All available data from Banks, McCabe, and Pacheco are presented in
Figure 4-34. Since the period of record is longer for Banks, a subset of the data that
includes only data collected at Banks, McCabe, and Pacheco during the same period (2000
to 2010) is shown in Figure 4-39. The median concentration of 3.4 mg/L at Pacheco is not
statistically significantly different from the median of 3.2 mg/L at Banks (Mann-Whitney,
p=0.3432) or the median of 3.3 mg/L at McCabe (Mann-Whitney, p=0.4420), although the
data spread is much tighter for Pacheco. 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.

Long-Term Trends — Visual inspection of Figure 4-38 does not display any discernible
trend in the TOC concentrations in the 10 year period of record.

Wet Year/Dry Year Comparison — The Pacheco dry year median concentration of 3.2 mg/L
is statistically significantly lower than the wet year median concentration of 3.5 mg/L
(Mann-Whitney, p=0.0130).

Seasonal Trends — Figure 4-40 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.

DOC/TOC Relationship — There is a good relationship between DOC and TOC (R*=0.90),
as shown in Figure 4-41. DOC is approximately 96 percent of TOC.
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Figure 4-38. TOC Concentrations at Pacheco
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Figure 4-39. TOC Concentrations at Banks, McCabe, and Pacheco (2000-2010)
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Figure 4-40. Monthly Variability in TOC at Pacheco
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Figure 4-41. Relationship Between DOC and 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 4-42 presents all of the available TOC data for O’Neill Forebay Outlet.
The TOC concentrations at O’Neill Forebay Outlet range from 2.1 to 8.1 mg/L with a median
concentration of 3.2 mg/L.

The average TOC concentration at O’Neill Forebay Outlet is 3.6 mg/L and the average alkalinity
concentration is 74 mg/L as CaCOg3. 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 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 CaCO3; 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 mg/L leading
to the requirement to remove 45 percent of the TOC in the source water.

e Spatial Trends — All available data from Banks, McCabe, and O’Neill Forebay Outlet are
presented in Figure 4-34. Since the period of record is longer for Banks, a subset of the
data that includes only data collected at Banks, McCabe, and O’Neill Forebay Outlet
during the same time period (1997 to 2010) was analyzed. The median concentration at
all three locations is 3.2 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
etal., 2011).

e Long-Term Trends — Visual inspection of Figure 4-42 does not display any discernible
trend in the TOC concentrations in the 13 year period of record.

e Wet Year/Dry Year Comparison — The O’Neill Forebay Outlet dry year median
concentration of 3.2 mg/L is not statistically significantly different than the wet year
median concentration of 3.3 mg/L (Mann-Whitney, p=0.6212).

e Seasonal Trends — Figure 4-43 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.

e DOC/TOC Relationship — There is a good relationship between DOC and TOC
(R?=0.96), as shown in Figure 4-44. DOC is approximately 94 percent of TOC.

Final Report 4-39 June 2012



California State Water Project
Watershed Sanitary Survey 2011 Update

Chapter 4

Organic Carbon

Figure 4-42. TOC Concentrations at O’Neill Forebay Outlet
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Figure 4-43. Monthly Variability in TOC at O’Neill Forebay Outlet
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Figure 4-44. Relationship Between DOC and 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 4-45 presents all available data for Check 21. During the
1997 to 2010 time period, TOC concentrations ranged from 2.0 to 7.1 mg/L with a median of 3.1
mg/L.

Spatial Trends — The median concentration of 3.1 mg/L at Check 21 is not statistically
different from the median concentration of 3.2 mg/L at O’Neill Forebay Outlet during the
1997 to 2010 period that data have been collected at the two locations (Mann-Whitney,
p=0.3183). 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 (see Chapter 14 for more details). 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.

Figure 4-46 presents a comparison of data at O’Neill Forebay Outlet and Check 21 for the
last five years. This figure shows that the peak concentrations of TOC at Check 21
occurred approximately one month later than at O’Neill Forebay Outlet in 2008, 2009, and
2010 and the peak concentrations were about 1 mg/L lower at Check 21. The shift in the
timing of the peak is likely due to low flows on the aqueduct during this period. In
February 2006, flow through the Dos Amigos Pumping Plant, upstream of Check 21, was
over 355,000 acre-feet, whereas in February 2009 less than 30,000 acre-feet flowed
through the plant. The lower TOC concentrations at Check 21 compared to O’Neill
Forebay Outlet during the 2007 to 2010 period are inexplicable. A small amount of
groundwater (12,581 acre-feet) was pumped into this reach of the aqueduct by Westlands
Water District in the summer of 2008, which may have led to the decrease in September
2008 but that does not explain the differences during the spring of every year except 2007.

Long-Term Trends — Visual inspection of Figure 4-45 does not display any discernible
trend in the TOC concentrations in the 13 year period of record.

Wet Year/Dry Year Comparison — The Check 21 dry year median concentration of 3.0
mg/L is not statistically significantly different than the wet year median concentration of
3.2 mg/L (Mann-Whitney, p=0.7176).

Seasonal Trends — Figure 4-47 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.

DOC/TOC Relationship — DOC is approximately 92 percent of TOC, as shown in Figure
4-48.
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Figure 4-45. TOC Concentrations at Check 21
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Figure 4-46. Comparison of O’Neill Forebay Outlet and Check 21 TOC Concentrations
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Figure 4-47. Monthly Variability in TOC at Check 21
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Figure 4-48. Relationship Between DOC and TOC 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 4-49 presents all available
data for Check 41. TOC concentrations range from 0.7 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 not statistically
different from the median concentration of 3.1 mg/L at Check 21 (Mann-Whitney,
p=0.3517) or from the median concentration of 3.2 mg/L at O’Neill Forebay Outlet (Mann-
Whitney, p=0.0663) during the 1998 to 2010 period that data have been collected at the
three locations. As discussed in Chapter 14, 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 4-50 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. This is discussed in more detail in
Chapter 4.

Long-Term Trends — Visual inspection of Figure 4-49 shows that TOC concentrations
have been lower in the last several years 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=0.0270). 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 4-51 shows there is a distinct seasonal pattern with the lowest
concentrations in the fall months and the highest concentrations in the wet months of
January to March.

DOC/TOC Relationship — DOC is approximately 93 percent of TOC, as shown in Figure
4-52.
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Figure 4-49. TOC Concentrations at Check 41
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Figure 4-50. Comparison of Check 21 and Check 41 TOC Concentrations

8.0

Check 21
Check 41 N

7.0 A

. N
A /'
N ANV Y
ARV

TOC (mg/L)

Final Report 4-46 June 2012



California State Water Project

Watershed Sanitary Survey 2011 Update

Chapter 4

Organic Carbon

Figure 4-51. Monthly Variability in TOC at Check 41
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Figure 4-52. Relationship Between DOC and 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 4-53 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 1.8 mg/L to 7.7 mg/L with a median
of 2.9 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 4-54. TOC concentrations in the
Jensen WTP influent range from 1.6 to 4.0 mg/L with a median of 2.7 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 2.9 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 2010 period that data have been collected at both locations (Mann-Whitney,
p=0.0484). 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 4-53. 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 2.7
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 4-55 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.

e DOC/TOC Relationship — DOC is approximately 87 percent of TOC at Castaic Outlet, as
shown in Figure 4-56. This is slightly lower than in the aqueduct, indicating that algal
growth in Castaic Outlet may be responsible for the higher particulate organic carbon in the
lake. The MWDSC data from the Jensen WTP influent show that DOC is 97 percent of
TOC. As algal biomass settles to the hypolimnion of the lake, it is degraded so there is less
particulate organic carbon in the water withdrawn from the hypolimnion.
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Figure 4-53. TOC Concentrations in the Epilimnion at Castaic Outlet
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Figure 4-55. Monthly Variability in TOC at Castaic Outlet
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Figure 4-56. Relationship Between DOC and TOC at Castaic Outlet
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Devil Canyon — Silverwood Lake provides water to MWDSC, CLAWA, and San Benardino
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 4-57 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. The data
from both locations were combined in Figure 4-57. 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
1998 to 2010 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 4-57 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 4-58 compares the TOC
concentrations at Check 41 to Devil Canyon. This figure clearly shows that 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 4-59 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.

e DOC/TOC Relationship — Figure 4-60 shows the relationship between DOC and TOC at
Devil Canyon. There is one outlier in this figure where the TOC concentration is much
higher (8.6 mg/L) than would be expected based on the other data and the DOC
concentration is in the range of other values (4.3 mg/L). As shown in Figure 4-61, if that
point is removed the relationship between DOC and TOC improves and is similar to the
relationship at other sites along the aqueduct.
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Figure 4-57. TOC Concentrations at Devil Canyon
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Figure 4-59. Monthly Variability in TOC at Devil Canyon
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Figure 4-60. Relationship Between DOC and TOC at Devil Canyon (All Data)
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Figure 4-61. Relationship Between DOC and TOC at Devil Canyon (Outlier Removed)
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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 1.8 m/L at Hood is not statistically significantly
different from the median TOC concentration of 2.0 mg/L at West Sacramento), which is
upstream of the Sacramento urban area Mann-Whitney, p=0.3395). 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 1.8 mg/L at Hood
(p=0.0000).

e TOC concentrations are much higher in the NBA than any other location in the SWP.
Wet season peak concentrations are generally in the range of 14 to 20 mg/L and the
median concentration is 5.5 mg/L. The local Barker Slough watershed is the source of
this TOC.

e TOC concentrations do not change as water flows from the Delta through the SBA and
the California Aqueduct when data collected during comparable periods of time are
aggregated and analyzed. The median TOC concentrations along the aqueduct range from
3.0 to 3.2 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.
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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 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 mg/L leading to the requirement to remove 45
percent of the TOC in the source water.

e The real-time samplers at Hood, Vernalis, and Banks 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. The real-time data
show that TOC peaks are higher than previously measured in grab samples. Peak
concentrations at Hood and Vernalis are more than 3 mg/L higher than those measured in
grab samples. There is a smaller difference at Banks with real-time peaks being about 1.5
mg/L higher than those measured in grab samples.

e MWQI staff conducted a long-term trend analysis at Hood, Vernalis, and Banks. Trends
were analyzed for the entire period of record through 2008 at each location and for the
1999 to 2008 period. Different results were obtained for the different periods of time. For
example, the analysis showed a declining trend in DOC at all three locations during the
longer period and an increasing trend at Hood and Vernalis and no trend at Banks during
the more recent period. This analysis showed that trends are very much a function of the
hydrology of the system during the starting and ending points of the analysis. Another
trend analysis conducted at Banks between 1990 and 2003 by DWR O&M staff reached
the same conclusion.

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. 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 seen at
Devil Canyon.

e There are no statistically significant differences between median TOC concentrations in
dry years and wet years at many of the locations along the aqueduct, as shown in Table
4-3. Dry year concentrations are statistically significantly lower than wet year
concentrations at Barker Slough, Pacheco, Check 41, and Castaic Outlet. Conversely, dry
year concentrations are statistically significantly higher in the Sacramento and San
Joaquin rivers. With the exception of Barker Slough, there is generally only about a 10
percent difference between dry year and wet year median concentrations of TOC at the
locations where there is a statistically significant difference.
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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. San Luis
Reservoir and Castaic Lake display a different seasonal pattern. Concentrations are
highest in the summer months and lowest in the winter months.

e 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
(R?) is generally 0.9 or better. The two rivers have more particulate organic carbon and
poorer R? values.

Table 4-3. Comparison of Dry Year and Wet Year TOC Concentrations

Median TOC (mg/L) TOC

Location Dry Wet Difference DFi)fig(r:nge S?;r?ﬂ?ct::r?(l:e
Years Years (mg/L)

Hood 1.9 1.7 0.2 11 D>W
Vernalis 3.6 3.2 0.4 11 D>W
Banks 3.2 3.2 0 0 No
Barker Slough 4.2 5.8 -1.6 -38 D<W
DV Check 7 3.6 3.2 0.4 11 No
McCabe 3.2 3.2 0 0 No
Pacheco 3.2 3.5 -0.3 -9 D<W
O'Neill Forebay

Outlet 3.2 35 -0.3 -9 No
Check 21 3.0 3.2 -0.2 -7 No
Check 41 2.9 3.2 -0.3 -10 D<W
Castaic Outlet 2.7 3 -0.3 -11 D<W
Devil Canyon 3 3.2 -0.2 -7 No
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CHAPTER 5 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 California Department of Public Health (CDPH) 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 secondary MCLs
related to salinity are listed in Table 5-1. Conventional water treatment adds chemicals and
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 5-1. 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 is implementing 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

Final Report 5-1 June 2012



California State Water Project Chapter 5
Watershed Sanitary Survey 2011 Update Salinity

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 for the 1991 to 2010 period are shown in Figures 5-1 and 5-2.
Figure 5-1 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 uS/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 5-2 shows the San Joaquin River and seawater intrusion 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 2010 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 5-2 presents a
summary of the period of record for data included in this analysis.
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Figure 5-1. EC Fingerprint at Clifton Court
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Figure 5-2. EC Fingerprint at Jones
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Table 5-2. EC Data

Grab Samples Real-time
Location No. of Start Date | End Date | Start Date | End Date
Samples

West Sacramento 263 | Apr 1994 Dec 2010
American 317 | Jul 1983 Dec 2010
Hood 513 | Mar 1982 Dec 2010 Jan 2004 Dec 2010
Greenes Landing 225 | Jul 1983 May 1998
Mokelumne 43 | Dec 2008 Dec 2010
Calaveras 39 | Dec 2008 Nov 2010
Vernalis 722 | Mar1982 | Dec2010 | Aug 1999 | Dec 2010
Clifton Court 266 | Jul 1983 Dec 2010 Jan 1987 Dec 2010
Banks 412 | Mar 1982 Dec 2010 Jan 1986 Dec 2010
Barker Slough 272 | Sep 1988 Dec 2010 Feb 1989 | Dec 2010
Cordelia 34 | Nov 2000 | Nov 2010 Jan 1990 Dec 2010
DV Check 7 143 | Dec 1997 Oct 2010 Jun 1994 | Dec 2010
Conservation Outlet 47 | Feb 1998 Dec 2010 Nov 2008 | Dec 2010
Vallecitos Mar 2002 | Dec 2010
Terminal Tank 65| Feb 1998 | Nov2010 | Jan 1986 | Aug 2002
Jones Aug 1999 | Dec 2010
McCabe 90 | Dec 1997 Dec 2010
Pacheco 123 | Mar 2000 Dec 2010 Jul 1989 Dec 2010
O’Neill Forebay Outlet 170 | Jul 1988 Dec 2010 Jan 1990 | Dec 2010
Check 21 173 | Dec 1997 Dec 2010 Jun 1990 | Dec 2010
Check 29 189 | May 1998 | Dec 2010 Jan 1990 | Dec 2010
Check 41 340 | Dec 1997 Dec 2010 Jun 1993 | Dec 2010
Castaic Outlet 59 | Feb 1998 Nov 2010 Jan 2000 | Dec 2010
Silverwood 53 | Feb 1998 Nov 2010
Devil Canyon Headworks 116 | Jun 2001 Dec 2010 Jun 1993 | Mar 2010
Devil Canyon Afterbay 46 | Dec 1997 | May 2001 | Feb 2006 | Dec 2010
Perris Outlet 263 | Apr1994 | Dec 2010
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The SWP Watershed

Figure 5-3 presents the EC data for the tributaries to the Delta and for Clifton Court and the
Harvey O. Banks Delta Pumping Plant (Banks). EC levels are considerably lower in the
Sacramento River than the San Joaquin River at Vernalis (Vernalis). EC data have been collected
twice a month from the Mokelumne River at Wimpy’s Marina (Mokelumne) and the Calaveras
River at Brookside Road (Calaveras) since December 2008. The limited data show that the
Mokelumne EC levels are lower than the Sacramento River at Hood (Hood) levels, whereas the
Calaveras levels are closer to the levels at Vernalis.

Figure 5-3. EC Levels in the SWP Watershed
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Hood — Figure 5-4 shows all available grab sample EC data at Hood. The levels range from 73
to 352 pS/cm during the period of record with a median of 156 pS/cm.

Comparison of Real-time and Grab Sample Data — Figure 5-5 compares the real-time
data with the grab sample data at Hood. 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.

Spatial Trends — Figure 5-3 presents all available 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 1998 to 2010
period at all three locations were examined to determine if there are spatial trends. The
median concentrations during the 1998 to 2010 period are slightly higher at West
Sacramento (163 pS/cm) and Hood (158 uS/cm) than those shown in Figure 5-3. The
American median EC level of 62 uS/cm is statistically significantly lower than the
medians at West Sacramento and Hood (Mann-Whitney, p=0.0000) and the median level
at Hood is statistically significantly lower than the median at West Sacramento (Mann-
Whitney, p=0.0263). This demonstrates the impact that the American River inflow has
on the Sacramento River.

Long-Term Trends — Visual inspection of Figure 5-4 does not show any discernible
long-term trends.

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 pS/cm is statistically significantly lower than the median during dry years of 168
puS/cm(Mann-Whitney, p=0.0000). Figure 5-6 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. 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. During these two 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.

Seasonal Trends — Figure 5-7 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 5-4. EC Levels at Hood
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Figure 5-5. Comparison of Hood Real-time and Grab Sample EC Data
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Figure 5-6. Relationship Between EC and Flow at Hood
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Figure 5-7. Monthly Variability in EC at Hood

400

300

200

EC (uS/cm )

100

T1F

Jan Feb Mar Apr May

Jun

Jul Aug Sep Oct Nov  Dec

Final Report

June 2012



California State Water Project Chapter 5
Watershed Sanitary Survey 2011 Update Salinity

Vernalis — Figure 5-8 shows all available grab sample EC data at VVernalis. The levels range over
an order of magnitude from 118 to 1,550 uS/cm during the period of record with a median of 652
puS/em.

e Comparison of Real-time and Grab Sample Data — Figure 5-9 compares the real-time
data with the grab sample data at Vernalis. 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 real-time sampler does not often measure the peak levels above
1,000 puS/cm that are measured in the grab samples.

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

e Long-Term Trends — Visual inspection of Figure 5-8 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 456 puS/cm is statistically significantly lower than the
median during dry years of 745 puS/cm (Mann-Whitney, p=0.0000). Figure 5-10 shows
the influence of flows on EC levels during different year types. 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 uS/cm as flows increased. Water years 2007 and 2008 were critical
years and 2009 was a below normal year. Peak flows during those three years were less
than 5,000 cfs and dry season flows dropped to less than 1,000 cfs. During these years
EC levels increased during the fall and winter months. Relatively small increases in flow
produce large drops in EC as shown in the spring of 2008, 2009, and 2010. This is due to
the influence of the high quality eastern tributaries of the San Joaquin River.

e Seasonal Trends — Figure 5-11 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 5-8. EC Levels at Vernalis
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Figure 5-10. Relationship Between EC and Flow at Vernalis
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Banks — As shown in Figure 5-1, the sources of EC at Clifton Court and Banks are the
Sacramento and San Joaquin rivers, seawater intrusion, and Delta agricultural drainage. Figure
5-12 shows all available grab sample EC data at Banks. The levels range from 139 to 877 uS/cm
during the period of record with a median of 432 uS/cm.

Comparison of Real-time and Grab Sample Data — Figure 5-13 compares the real-time
data with the grab sample data at Banks. 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.

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 5-3. Since the period of record
varies between the three stations, a subset of the data that includes only data collected at
the three stations during the same time period (1998 to 2010) was analyzed. The median
EC at Banks (392 uS/cm) is statistically significantly higher than the median of 158
puS/cm at Hood and statistically significantly lower than the median of 629 uS/cm at
Vernalis (Mann-Whitney, p=0.0000).

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 5-12 indicates that EC trends are a function of hydrology.

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 312 uS/cm is statistically significantly lower than the
median during dry years of 497 uS/cm (Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-14 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 5-12. EC Levels at Banks
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Figure 5-13. Comparison of Banks Real-time and Grab Sample EC Data
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Figure 5-14. Monthly Variability in EC at Banks
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North Bay Aqueduct

Chapters 3 and 4 contain a description of the North Bay Aqueduct (NBA). The sources of water
are the local Barker Slough watershed and the Sacramento River.

Project Operations

Since the NBA is an enclosed pipeline, the quality of water delivered to NBA users is governed
by the timing of diversions from Barker Slough and it shouldn’t be affected by any other factors.
Figure 5-15 shows average monthly diversions at Barker Slough for the 1998 to 2010 period and
median monthly EC levels. This figure shows that pumping is highest between May and
November. The median EC is 422 puS/cm during May but it declines to less than 300 pS/cm
during the summer and fall months. As discussed in Chapter 4, many of the NBA users switch to
alternative supplies during the winter and spring months when EC levels are highest.

Final Report

5-14

June 2012



California State Water Project Chapter 5
Watershed Sanitary Survey 2011 Update Salinity

Figure 5-15. 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 5-16 shows all available grab sample EC data at Barker Slough. The
levels range from 104 to 609 uS/cm during the period of record with a median of 292 uS/cm.

Comparison of Real-time and Grab Sample Data — Figure 5-17 compares the real-time
data with the grab sample data at Barker Slough. 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. The real-time data show that there are greater fluctuations in EC than are
captured by the grab samples. Figure 5-18 compares the real-time and grab sample data
for Cordelia. There is a poor correspondence between the two data sets. The grab samples
are generally higher than the real-time results.

Spatial Trends — Figure 5-19 compares the real-time and grab sample data at Barker
Slough and Cordelia for the 1998 to 2010 period when samples were collected at both
locations. The Barker Slough real-time median of 277 pS/cm is not statistically
significantly different from the grab sample median of 268 puS/cm. The Cordelia grab
sample median of 468 puS/cm is statistically significantly higher than the real-time
median of 266 pS/cm (Mann-Whitney, p=0.0000). Although the Cordelia real-time
median is only 11 pS/cm less than the Barker Slough median, it is statistically different
due to the large sample size (Mann-Whitney, p=0.0000). There is apparently some
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anomaly with the Cordelia grab samples because there is no reason they should be
substantially higher than the Cordelia real-time results or the results for Barker Slough.
There is a 200 pS/cm increase in the grab sample medians between Barker Slough and
Cordelia. Since the NBA is an enclosed pipeline, the increase in inexplicable.

e Long-Term Trends — There is not a discernible long-term trend at Barker Slough or
Cordelia based on visual inspection of Figures 5-16 to 5-18.

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 283 uS/cm is not statistically
significantly lower than the median during dry years of 298 uS/cm (Mann-Whitney,
p=0.0626).

e Seasonal Trends — Figure 5-20 shows the relationship between pumping and EC in
Barker Slough. In general, there is an inverse relationship with the lowest EC levels
occurring when pumping is high. The higher pumping rates pull fresher water in from the
Sacramento River through Lindsey Slough. Figure 5-21 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.

Figure 5-16. EC Levels at Barker Slough
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Figure 5-17. Comparison of Barker Slough Real-time and Grab Sample EC Data
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Figure 5-19. Comparison of EC at Barker Slough and Cordelia
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Figure 5-21. Monthly Variability in EC at Barker Slough
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South Bay Aqueduct

Chapters 3 and 4 contain 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 5-22 shows average monthly
diversions at the South Bay Pumping Plant and releases from Lake Del Valle for the 1998 to
2009 period. Diversion data were not available for 2010. Median monthly EC levels at Del Valle
Check 7 (DV Check 7) are also shown. This figure shows that EC levels are less than 400 uS/cm
when most of the water is pumped into the SBA and are near 300 puS/cm during the peak
pumping of the summer months. EC increases sharply during the fall months at DV Check 7.
Water is released from Lake Del Valle primarily between September and November. The median
EC level at the Lake Del Valle Conservation Outlet (Conservation Outlet) is 394 uS/cm,
indicating the Del Valle releases may decrease the EC level of water delivered to SBA
Contractors during the fall months.

Figure 5-22. 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

EC data have been collected at four locations along the SBA for varying periods of record.
Figure 5-23 shows all of the data collected at each location along the SBA and at Banks. The
DV Check 7 location has the longest period of record for both grab and real-time data. Figure 5-
24 presents all available grab sample EC data at DV Check 7. The EC levels range from 116 to
756 uS/cm with a median of 389 uS/cm.

Comparison of Real-time and Grab Sample Data — Figure 5-25 compares the real-time
data with the grab sample data at DV Check 7. 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. The real-time data show some peaks that were not captured by the grab
samples.

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 1998 to 2010 for
Banks, DV Check 7, and the Santa Clara Terminal Reservoir (Terminal Tank) are shown
in Figure 5-26. The median concentration at DV Check 7 (388 puS/cm) is not statistically
significantly different than the median concentration at Banks (397 uS/cm) or the median
concentration at the Terminal Tank (389 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. Figure 5-27
presents a comparison of data collected at DV Check 7, the Conservation Outlet, and the
Terminal Tank. This figure shows that EC levels in Lake Del Valle are relatively constant
compared to DV Check 7. The levels at the Terminal Tank are similar to the levels at the
Conservation Outlet during the fall months when water is released from Lake Del Valle.
During the remainder of the year, the EC levels at the Terminal Tank are similar to those
found at DV Check 7.

Long-Term Trends — Visual inspection of Figure 5-24 does not reveal a discernible trend
in the data from DV Check 7.

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 311 uS/cm is statistically significantly lower than the
median during dry years of 452 uS/cm (Mann-Whitney, p=0.0000).

Seasonal Trends — Figure 5-28 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.

Final Report 5-21 June 2012



California State Water Project

Chapter 5

Watershed Sanitary Survey 2011 Update Salinity
Figure 5-23. EC in the SBA
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Figure 5-24. EC at DV Check 7
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Figure 5-25. Comparison of DV Check 7 Real-time and Grab Sample EC Data
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Figure 5-26. Comparison of EC at Banks, DV Check 7 and the Terminal Tank

(1998-2010)

800
700
L °
N T T )
500 T
£
L
g 400
[&]
w
300 l J_
200 ) ) [
100
0 T T T
Banks Grab DV Check 7 Grab Terminal Tank Grab

Final Report 5-23

June 2012



California State Water Project

Chapter 5

Watershed Sanitary Survey 2011 Update Salinity
Figure 5-27. EC in the SBA and Conservation Outlet
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Figure 5-28. 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
reservoirs. The impact of non-Project inflows on water quality is discussed in Chapter 14 and the
influence of terminal reservoirs in modulating EC levels is discussed later in this chapter.

Figure 5-29 shows average monthly diversions at the Banks Pumping Plant and median monthly
EC levels for the 1998 to 2010 period. As described in Chapter 3, operations were governed by
the 1995 Bay-Delta Plan (D-1641) from 1998 to 2006 and by the Wanger Decision and the
biological opinions from 2007 to 2010 so both periods are shown. Median EC levels range from
291 to 424 pS/cm during the peak diversion months of July to September; however the median
EC levels range from 446 to 550 pS/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 5-30 shows the average monthly amount of water pu