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Abbreviations

AWWARF

Basin Plans

American Water Works Association Research Foundation

Water Quality Control Plans

Banks Harvey O. Banks (Banks, SWP) Pumping Plant

BDPAC CALFED Bay-Delta Public Advisory Committee

BMPs Best Management Practices

CALFED CALFED Bay-Delta Program

CCL Contaminant Candidate List

CCWD Contra Costa Water District

CDPH California Department of Public Health, formerly the California Department
of Health Services

CUWA California Urban Water Agencies

CVDWP Central Valley Drinking Water Policy

CVP Central Valley Project

CWA Clean Water Act (Federal Water Pollution Control Act 1972)

DBPs disinfection by-products

DBPR Disinfection By-Product Rule

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

DMC Delta-Mendota Canal (CVP aqueduct)

DWR California Department of Water Resources

DSM2 California Department of Water Resources Delta Simulation Model

EC electrical conductivity (also known as “specific conductance”)

EIR/EIS Environmental Impact Report/Environmental Impact Study

ELPH equivalent level of public health protection

EQIP Environmental Quality Incentives Program

ESWTR Enhanced Surface Water Treatment Rule

GAC granular-activated carbon

HAA5 haloacetic acids

IDSE Initial Distribution System Evaluation

1IEP Interagency Ecological Program

IRWMP Integrated Regional Water Management Program

LRAA locational running annual average

LT2ESWTR/LTSWTR Long Term 2 Enhanced Surface Water Treatment Rule

MIB 2-methylisobomeol (a taste- and odor-causing compound)

MCLGs Maximum Contaminant Level Goals

MCL Maximum Contaminant Level

pg/L micrograms per liter

mg/L milligrams per liter

MUN municipal supply designation

MW QI Municipal Water Quality Investigations Program (DWR)

NBA North Bay Aqueduct (SWP aqueduct)

NRCS Natural Resources Consetrvation Service

NTU Nephelometric turbidity units

OEHHA California Office of Environmental Health Hazard Assessment
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PAM
pH
PHGs

Reclamation

Regional Water Board

ROD
RAA

SBA
SDWA
SRWP

State Water Board

polyacrylamide
acidity of water, log scale of 1 to 14.
Public Health Goals

U.S. Bureau of Reclamation

Central Valley Regional Water Quality Control Board
Record of Decision

running annual average

South Bay Aqueduct (SWP aqueduct)

Safe Drinking Water Act

Sacramento River Watershed Program
California State Water Resources Control Board

SWP State Water Project
SWPCA State Water Project Contractors Authority
T&O taste and odor (an objectionable characteristic of drinking water)
TDS total dissolved solids
TMDL total maximum daily load
TOC total organic carbon
TN total nitrogen
TP total phosphorus
Tracy C.W. “Bill” Jones (Tracy, CVP) pumping plants
TTHMs total trihalomethanes
TT Treatment Technique
ucC University of California
USFWS U.S. Fish and Wildlife Service
USGS United States Geological Survey
US EPA U.S. Environmental Protection Agency
WQP CALFED Water Quality Program
WQPP 2000 Water Quality Program Plan
WQS Bay-Delta Public Advisory Water Quality Subcommittee
WTP water treatment plant
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Executive Summary

The CALFED Water Quality Program (WQP) Stage 1 Final Assessment has multiple purposes: it
provides a drinking water quality context for the End of Stage 1 Delta conveyance decision; it
integrates and synthesizes the scientific information of Delta drinking water quality from the source to
the tap; it uses this synthesis to measure Stage 1 progress and identify water quality actions for Stage 2;
and, it attempts to move the WQP to a performance-based program. This report accomplishes this by
presenting new analysis along with the synthesis of several recent related studies.

New information was developed by WQP staff and through the financial support of the U.S. Bureau
of Reclamation and the CALFED Science Program. URS and Brown & Caldwell were retained to
support this report’s development.

What is the problem?

The general objective of CALFED agencies is to “continuously improve Delta water quality for all
uses, including in-Delta environmental and agricultural uses.” The CALFED Water Quality Program
has focused on the drinking water objective to “provide good water quality for the millions of
Californians who rely on the Delta for all or a part of their drinking water.” In the CALFED Bay-
Delta Program Record of Decision (2000) the goal of the WQP is to provide “safe, reliable, and
affordable drinking water in a cost-effective way,” with a target to “achieve either: (a) average
concentrations at Clifton Court Forebay and other southern and central Delta drinking water intakes
of 50 ug/L bromide and 3.0 mg/L total organic carbon, or (b) an equivalent level of public health
protection using a cost-effective combination of alternative source waters, source control, and
treatment technologies.” Bromide and total organic carbon where singled out as constituents of
concern because they can form potentially carcinogenic disinfection byproducts when exposed to
disinfectants.

The WQP ROD targets are essentially surrogates for the recognition and continual linkage of source
water quality with treated water quality, especially as treated water quality regulations grow increasingly
stringent over time. The “equivalent level of public health protection” (ELPH) approach is the
backbone of the WQP, and the program is based on the concept of a multiple barrier approach (i.e. “a
cost-effective combination of alternative source waters, source control, and treatment technologies”).
These objectives are predicated on the assumptions that Delta water is prone to degradation over time
and increased use and that treated water regulation is likely to become more stringent in the future.

Where bromide is found at concentrations of concern for drinking water supply in the Delta, the
ocean is the source. Uncontaminated freshwater sources in the Delta watershed have very low
bromide concentrations; the median bromide concentration in the Sacramento River at Hood is about
14 pg/L and is often less than the 10 pg/L detection limit. Where freshwater has been contaminated
with even small amounts of seawater, concentrations are much higher. The average bromide
concentrations at the Harvey O. Banks (Banks) Pumping Plant and the Bill Jones (Tracy) Pumping
Plant are about 230 ng/L and 260 ug/L, respectively. Contra Costa Water District’s Rock Slough
intake’s average bromide concentrations are probably higher, based on EC data. The North Bay
Aqueduct’s Barker Slough Pumping Plant, an intake on the sloughs to the west of the Sacramento
River at Hood, sees intermediate bromide concentrations of 50 ug/L.
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Organic carbon, the other primary constituent of concern for the program, is primarily produced by
plants. It comes from recently produced organic material in the watershed, older plant residues in
soils, and from peat deposits in the Delta that may be thousands of years old. Complicating our
attempts to characterize the sources and processes that lead to disinfection byproduct formation is the
fact that organic carbon in water is a varying mix of thousands of different chemical compounds. The
relationships between organic carbon quality and disinfection byproduct formation continues to be
the subject of a considerable amount of research. Overlaying the concerns about organic carbon in
municipal water supplies is the essential role of organic matter in healthy aquatic ecosystems. A
considerable amount of WQP effort has been directed towards understanding the sources, transport
and impact of organic carbon in the Delta water supply.

Although the focus of the program has been on bromide and organic carbon, other drinking water
pollutants of concern have also been addressed. Salinity is closely associated with bromide but is a
pollutant of concern in its own right causing corrosion in drinking water systems, taste problems, and
limiting the ability to reclaim wastewater. Microbial pathogens, always a threat to public health, are the
reason for disinfecting water, and may affect the amount of disinfectant required. Plant nutrients,
nitrogen and phosphorous, are of concern primarily because they stimulate algal growth in the system
causing treatment problems and taste complaints.

The majority of projects funded by the WQP have been for source investigations and implementation
of source control measures directed at reducing the loadings of these pollutants.

Drinking water quality issues are distinguished from most other beneficial use concerns because the
water undergoes some form of treatment before its end use. Treatment is perhaps the most critical
barrier protecting public health from pathogens and other contaminants in the environment but like
any mechanical and chemical process it has its limits. Each of the hundreds of water systems that use
Delta water is custom designed for a unique set of local conditions that include the quantity and
quality of the available water supply. An important goal for the program in conducting the studies
contributing to this report was to develop a better understanding of the connections between Delta
water quality, treatment of Delta water, and the quality of the finished water.

Conveyance is the critical link between watershed sources and raw water quality entering a treatment
plant and the Delta is the linchpin of water conveyance in the State of California. Water taken from
the Delta is a continuously varying mixture of water from the Sacramento River, San Joaquin River, a
few smaller tributaries, and water pumped from Delta islands with a little seawater finding its way in
from San Francisco Bay. Moving high quality Sacramento River water across the Delta is a balancing
act between water quality, water supply, and ecosystem impacts. The end result is that water diverted
at the State and Federal pumping plants is, on average, of much lower quality than Sacramento River
water entering the Delta. Sophisticated computer models are used to simulate the systems complex
mixing patterns and have greatly improved our understanding of the connection between watershed
sources and delivered water quality. Changes to conveyance through the Delta or conveyance around
the Delta could be configured to greatly improve the quality of water diverted for drinking water

supply.
Sources and Canses

The geographic extent of the solution area, stretching from the Oregon border to near the Mexican
border, and the complexity of watersheds, storage, and conveyance system required that the problem
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be broken down into more manageable chunks. Chapters 1 through 4 provide background
information on regulatory context, the program, the Delta, and drinking water treatment. Chapter 5
characterizes water quality from the Delta intakes extending upstream through the Delta and into the
tributaries of the San Joaquin and Sacramento Valleys. Chapter 6 addresses water quality downstream
of the pumps addressing regional water quality, supply management and treatment differences.

Source Water Quality

The first questions that come to mind related to Delta water quality are 1) What is it like now? and 2)
Is it getting better or worse? Unfortunately there are no simple answers to these questions. The
following table summarizes water quality at five major Delta drinking water intakes.

Intake Period (Number | TOC RAA | Period (Number Bromide
of samples) range of samples) RAA range
Mg/, png/L
H.O. Banks 1986-2006 (170) | 3.0—4.5 | 1990-2006 (210) 89 — 424
C.W. Jones (Tracy) 1986-1989 (29) 2.7-3.6 | 1990-20006 (135) 99 — 404
CCWD Old River 1994-2006 (176) | 3.0-5.0 | 2005-2006 (188) | 133 —190
CCC (Rock Slough) 1991-2006 (169) | 3.0-9.0 | 2005-2006 (188) | 180 — 233
NBA (Barker Slough) 1988-2006 (182) | 6.0-9.4 1990-1996 (99) 42175

Running annual averages (RAA) are used to smooth the data and to more closely match data analysis
with the averaging scheme used in the drinking water regulations. The differences between NBA
water quality and the other intakes are largely due to the different mix of waters reaching these two
locations. As a point of reference, the Sacramento River at Hood has a median TOC concentration of
1.9 mg/L and median bromide of 10 pg/L.

Trends analyses were conducted on data available at the intakes and other tributary locations (chapter
4 and Appendix B). Although statistically significant trends are present in the data (both increasing
and decreasing) the reasons for these trends were not clear. They may have been due to the
distribution of water year types over the period of record. The early 1990s were very dry while more
recent years have been wetter. The safest conclusion is that, except for some local or seasonal
changes, water quality has remained about the same over the life of the program (August 2000 to
October 2007).

Conceptual Model

A conceptual model was developed to capture the drivers, outcomes, and linkages that result in the
observed differences in source water quality and the factors that influence treated water quality.
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Drinking Water Quality Conceptual Model Diagram
Key: Blue arrows = drivers / potential management actions
Yellow arrows = drivers/ uncontrollable factors

Green = outcomes

Sources Sources Sources Sources | |
organic salinity/ | Nutrient pathogens Natural Water Delta/Bay Location of
carbon bromide hydrology operations | bathymetry intakes
Drivers Sources & fate of Delta hydrodynamics
pollutants
Linkages:

Upstream and In-Delta

Organic Salinity/ bromide Nutrients at Pathogens at
Carbon at intakes at intakes intakes intakes
Outcomes
Other Storage, Water quality at Delta
sources WQ conveyance WQ intakes
Raw water quality Treatment plant Socioeconomic
characteristics Regulations considerations
Drivers % ; < ~ % % % %
Linkages:
Delta intakes through treatment plants
Outcomes I [ I I I I I I
Disinfection Salinity at tap Taste and odor Disinfection
byproducts at at tap level/ type
tap
Water quality for
the tap
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This conceptual model is used as a framework for identifying the data and processes that need to be
analyzed to develop a full understanding of finished drinking water quality. This model was
customized for regional conditions to help with the analysis of drinking water treatment in Chapter 6.

What have CALFED efforts done to solve the problem?

The programs initial efforts to fulfill the ROD Water Quality Program actions were described in the
June CALFED 2005 Water Quality Program Assessment Report. This report provides an update of
progress on these commitments. The majority of projects fall in the category of source control
because of the requirements of the funding sources. While there has been progress (many more
projects have been completed) a few key ROD commitments are behind schedule. The most
important of these remaining program actions are development of a Central Valley Drinking Water
Policy (now scheduled for completion in 2009) and development of a comprehensive monitoring and
assessment program.

In addition to completing these outstanding ROD actions, the program is also moving towards a
performance based management model. Recommendations for specific performance measures are
provided in the report and summarized in Appendix C. A related recommendation is that, prior to
directing significant additional funds to source improvement projects on a broad geographic scale, the
program should conduct an experimental focused source improvement effort on a smaller watershed
with appropriate monitoring and cost/benefit analyses.

What will conveyance projects do to solve the problem?

A number of different alternative configurations of channels and conveyance of water through (or
around) the Delta have been proposed in the Delta Vision process and elsewhere. The primary
drivers of these proposed conveyance changes are to reduce the conflict between water supply and
ecosystem health, to provide a water supply that is more secure from levee failure and sea level rise,
and to improve the quality of water diverted from the Delta. This report outlines the factors that
should be considered and analyses that should be done when planning Delta conveyance alternatives.
For drinking water supply purposes the most significant benefit of changed conveyance will likely be
in the reduction in salinity and bromide concentrations although organic carbon concentrations could
also be reduced. Most of the conveyance alternatives under consideration will have the effect of
reducing the size of the Delta supply watershed. This could raise new water quality issues for both the
water supplied from the system and for the water remaining in the Delta. A new set of monitoring
and analysis tools will need to be developed to help in planning these alternatives and in assessing the
effects of the chosen alternative.

How do recently identified future risks affect the problem?

In addition to the drivers mentioned above, climate change will continue to have a variety of effects
on the quantity and quality of water available in the system. Population growth projections also point
to a Delta system with more land use and water quality challenges. Proper analysis of conveyance
alternatives and water quality program planning will require more definitive projections of these
drivers and new modeling tools that will allow projections of water quality in a Delta that may be
dramatically different from the existing configuration, hydrodynamics, and hydrology.
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What are the priorities for Stage 22

Recommendations for Stage 2 WQP priorities are summarized in Chapter 7 and include:

e Continuing to embrace the multiple barriers approach to drinking water protection.

e Review, refine, and possibly revise the program targets for organic carbon, bromide, and the
“equivalent level of public health protection” goal

e Continue to support studies of organic carbon quality in DBP production.

e Reduce bromide concentrations in water supplied from the Delta.

e Focus watershed source reduction efforts to increase program performance.

e Continue to improve the programs understanding of treatment plant source water quality
needs.

e Continue to work with regional groups and the IRWMP to protect and improve water quality
“downpipe” from the Delta.

e Work with regional treatment technology research and demonstration projects to disseminate
results.

e Develop, adopt and implement a comprehensive and integrated performance measurement
system.

e [Expand and integrate monitoring, assessment, and reporting of Delta water quality for all uses.
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—t ::.'.:t\ll[')ll‘.l\\lls\ Stage 1 Final Assessment
L phAD

ES-6



Chapter 1: Introduction

1.0 History

The CALFED Bay-Delta Program is a joint state-federal effort with four goals: to improve water
supply reliability, water quality, and levee reliability, and to restore the largest estuary on the West
Coast. CALFED is implemented by several state and federal agencies, with oversight and
coordination by the California Bay-Delta Authority'. The program was originally envisioned with a
thirty-year planning horizon and an estimate of required funding. The guiding documentation for
the program is its Environmental Impact Report/Environmental Impact Study (EIR/EIS), several
appendices Program Plans, and a Record of Decision (ROD). The ROD outlines a general water
quality goal of “continuously improving Delta water quality for all uses, including in-Delta
environmental and agricultural uses.” CALFED also has programmatic goals of coordination,
transparency, and accountability.

One of the eleven CALFED program elements, the CALFED Water Quality Program (WQP)
focuses on drinking water quality and indirectly on agricultural water quality”. The WQP is
implemented by the U.S. Environmental Protection Agency (US EPA), the California Department
of Public Health, the State Water Resources Control Board (State Water Board), and the Regional
Water Quality Control Boards (Regional Water Boards), referred to as “implementing agencies.”
The implementing agencies also coordinate closely with the California Department of Water
Resources (DWR), U.S. Bureau of Reclamation (Reclamation), and the U.S. Geological Survey,
referred to as “coordinating agencies.” The specific target of the WQP is to “achieve either: (a)
average concentrations at Clifton Court Forebay and other southern and central Delta drinking
water intakes of 50 pg/L bromide and 3.0 mg/L total organic carbon, ot (b) an equivalent level of
public health protection using a cost-effective combination of alternative source waters, source
control, and treatment technologies.” Throughout this report, “WQP” refers to actions
implemented by implementing and coordinating agencies in pursuit of WQP objectives and targets.

An attachment to the EIR/EIS, the Water Quality Program Plan (WQPP 2000) provided a
comprehensive summary of drinking, ecosystem, and agricultural water quality issues in the Delta
and identified the spectrum of actions that could be implemented to address these issues. The
drinking water quality section recommended that identified actions be implemented regardless of
conveyance or storage actions, and also recognized both that the list of actions would benefit from
further research and prioritization and that there was no guarantee on whether the actions, when
implemented, would improve drinking water quality. The ROD prioritized a subset of these actions
as milestones, although the WQP has indeed implemented some of the WQPP actions that were not
specifically identified in the ROD.

1.1 Record of Decision

The ROD lists a number of milestones, or implementation actions, for each program element, and
the WQP has heavily focused on funding and implementing these milestones with its limited
resources:

e Address drainage problems in the San Joaquin Valley to improve downstream water
quality (Lower San Joaquin River Salinity and Boron Total Maximum Daily Load
Program)

CALFED CALFED Water Quality Program
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e Implement source controls in the Delta and its tributaries (Central Valley Drinking
Water Policy development and implementation; monitoring and assessment)

e Support the ongoing efforts of the Delta Drinking Water Council or its successor
(assessments of progress, strategy document)

e Investin Treatment Technology Demonstration
e Control runoff into the California Aqueduct and other similar conveyances
e Address water quality problems at the North Bay Aqueduct

e Study recirculation of export water to reduce salinity and improve dissolved oxygen in
the San Joaquin River

Complementary Actions:
e Establish a Bay Area Blending/Exchange Project
e Tacilitate water quality exchanges and similar programs

e Develop and implement within two years a plan to meet all existing water quality
standards and objectives for which the State and Federal water projects have
responsibility

The WQPP recommended the development of a strategic plan for implementation of the water
quality actions and goals. The Bay-Delta Public Advisory Water Quality Subcommittee (WQS) has
been the primary venue for this effort. The WQP has been through several evolutionary attempts to
develop a strategic plan, including a Nominal Group Technique workshop, a consultant process, and
a stakeholder workgroup process. The results of these efforts established the framework, or scope,
of the potential actions, but failed to satisfactorily prioritize them.

1.2 Final Stage 1 Assessment

In 2005, the WQP released two reports: the CALFED Water Quality Program Assessment Report
(Initial Assessment) and the Issues with Delta Drinking Water Treatment Report. The Initial
Assessment report, also a ROD milestone, was the program’s first attempt to assess progress
towards its goals, based on the results of its funded projects and other milestones. The Initial
Assessment report made several important conclusions: 1. Four years is too short of a time frame to
assess progress, given the length of state and federal funding cycles; 2. The very large size of the
solution area and the small amount of projects make it challenging to assess the role of individual
projects and to assess the program’s progress; and 3. Assessment of progress requires a scientific
understanding of the solution environment, and the WQP had made no attempt to develop this
understanding from a system-wide perspective. The Delta Drinking Water Treatment Report was a
survey of representative treatment plants which verified the validity of the program’s delta water
quality priorities, and, more importantly, the program’s first foray into the treatment side of the
system.

In late 2005, the California Bay-Delta Authority developed a 10-Year Action Plan for the CALFED
Bay-Delta Program, responding to the need to focus limited resources and address growing conflicts
in the Delta. Two high priorities for this plan were the need to begin evaluation of conveyances and
the need to move the entire program to performance-based accounting and management. The
ROD’s preferred solution is conveyance of water supply through the Delta, but allows investigation
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after Stage 1 of other conveyance infrastructure, based on the water quality program progress and
ecosystem impacts of alternatives. To support these priorities, the WQP implementing agencies
agreed to produce a technical assessment report describing the drinking water quality system science,
synthesizing all available information and developing needed new information by the end of 2007.

The technical assessment report became the Stage 1 Final Assessment to respond to two additional
ROD milestones. One calls for a follow up report to the initial assessment at the end of Stage 1
(Year 7), the other calls for an assessment of the role of treatment technology in the future stages of
the program. In addition to this, the WQP is still in need of a strategic plan and fast approaching
Stage 2. Then, in mid-2006, the CALFED Science Program’s Delta Science Panel released a report
warning of the six most certain future risk factors for the Delta: global warming, sea level rise, levee
vulnerability, earthquake probability, invasive species, and increasing population. These future risks
prompted the state’s establishing a Delta Vision Process to determine the future of the Delta. The
Stage 2 plan for the WQP should consider these risks and the outcome of the Delta Vision Process,
ot be flexible enough to address them as their science continues to develop.

The Stage 1 Final Assessment therefore has become a document with multiple purposes:

1. Provide the drinking water quality context for the End of Stage 1 conveyance
alternatives.

2. Integrate and synthesize the scientific information of Delta drinking water quality from
the source to the tap.

3. Use synthesis to identify and prioritize water quality actions for Stage 2.

4. Develop an initial comprehensive set of WQP performance measures in order to move
the program to a performance-based program in Stage 2.

It is possible to address these many purposes by developing a foundational, scientific assessment of
drinking water quality in the CALFED solution area — or at least the first version of such an
assessment — and including some qualitative evaluation of future risks based on water quality
priorities.

1.3 Supporting Documentation

This report both presents new information, and synthesizes and integrates the results of several
recent reports. The new information was developed by WQP staff and through the financial support
of the U.S. Bureau of Reclamation and the CALFED Science Program. URS and Brown & Caldwell
were retained to support this report’s development and to 1) investigate the known potentials and
economics of source control actions, 2) develop quantitative conceptual models for all of the
constituents of concern from the Delta intake to ten water treatment plants, and 3) evaluate the
applicability of treatment technology bench and pilot studies to existing water treatment plant
technologies.

The recent technical studies that are synthesized and integrated within this report are described
below. This final assessment report was developed using a “hypothesis testing” approach — new
hypotheses were developed for the consultant work and hypotheses tested by the relevant studies
were identified, evaluated, and integrated. In this way, the report pulls together the current scientific
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understanding of the entire system without presenting an overwhelming amount of technical details.
For ease of reading, the reports are not continuously referenced in the main report, but the
referenced hypotheses used to write the report are included as an appendix. Readers with an interest
in more detail then is presented in this report are encouraged to read these reports. The major
reports are described below:

Central Valley Regional Water Quality Control Boards’ Central Valley Drinking Water
Policy. The Central Valley Drinking Water Policy (CVDWP) is a collaborative stakeholder effort
facilitated by the Central Valley Regional Water Board, and funded by both stakeholders and
agencies. Up until 2005, the WQP had spent considerable effort, especially through its funding of
and participation in the Central Valley Drinking Water Policy (CVDWP) technical studies, to
scientifically prioritize its constituents of concern and to develop extensive conceptual model reports
for the top four (organic carbon, nutrients, pathogens, and salinity) in the Sacramento-San Joaquin
Delta and its contributing watershed. These conceptual model reports contain literature searches,
conceptual models of source, transport, and fate, an initial data assessment, and estimates of land-
based loads. Aside from some additional work on organic carbon, completion of the salinity model,
and evaluations to understand how well we know how to control these sources, these conceptual
models essentially represent the available information on drinking water constituents of concern in
the upper watersheds. The Central Valley Drinking Water Policy technical studies are designed to
support a Basin Plan Amendment, but there is much overlap with the needs and goals of the WQP.
For example, the CVDWP technical studies will include the treatment information developed for
this report. The prioritization technical memorandum and conceptual models can be read at:
http:/ /www.waterboatrds.ca.gov/centralvalley/water_issues/drinking water_policy/index.html.

California State Water Project Watershed Sanitary Survey 2006 Update 2007. The State Water
Project Contractors Authority (SWPCA) contracted with Archibald Consulting to prepare the 2006
Update of the State Water Project Watershed Sanitary Survey. The California Department of Public
Health requires utilities using surface water supplies to produce Sanitary Surveys every five years.
Sanitary surveys typically identify sources of constituents of concern in a utility’s watershed. The
2006 Update is a comprehensive technical assessment of drinking water constituents of concern
throughout the State Water Project. This report can be obtained from SWPCA or the DWR
Municipal Water Quality Investigations Program.

Advanced Water Treatment of Estuarine Supplies (US EPA, AWWAREF). The WQP has
closely tracked this study, which examines the use of multiple disinfectants and advanced
coagulation and disinfection technologies for the reduction of disinfection by-products. The bench
scale tests used Delta waters from the Contra Costa Water District, Santa Clara Valley Water
District, and Solano County Water Agency. The report includes an extensive literature search on

disinfection by-products and their precursors and an analysis of Delta water quality. The report can
be obtained from AWWARF (project 3004).

California Department of Water Resources Municipal Water Quality Investigations
Program(MWQI). This program is focused on the Delta as a source of drinking water quality and
has operated the longest running collection of environmental data for the purpose of drinking water.
The program also conducts special studies and produces semi-annual reports summarizing their
data. Both their data and their reports are referenced in this report. The program can be found on
the web at http://www.wq.water.ca.gov/mwqi/mwqi_index.cfm.
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Department of Water Resources Operations and Maintenance Branch. The program operates,
maintains, and monitors the water supply and water quality of the State Water Project. The program
also periodically produces assessments of aspects of water quality. The program can be found on the
web at http://wwwomwq.water.ca.gov/.

Bay-Delta Water Quality Evaluation - Draft Final Report, 1998. The California Urban Water
Agencies’ convened this panel of drinking water experts, who were charged to identify the source
water quality needs of Delta utilities. The WQP’s specific Delta drinking water quality targets are
based on this report. It is further discussed in Chapter 2. It can be found on the web at
http://cuwa.org/publications.html#drinkingwaterquality.

CALFED Water Quality Program Initial Assessment Report. The CALFED Water Quality
Program completed its initial progress assessment in 2005, with the assistance of Brown & Caldwell
Consultants. This assessment examines the progress and benefits of funded projects. It can be found
on the web at http://www.calwater.ca.gov/Programs/
DrinkingWater/DrinkingWaterQualityAssessments.shtml.

Issues with Delta Drinking Water Treatment. The CALFED Water Quality Program produced
this qualitative look at the treatment of Delta water in 2005, with the assistance of Brown &
Caldwell Consultants. This report summarizes issues heard through the interview of ten treatment
plants throughout the CALFED solution area. It can be found on the web at
http://www.calwater.ca.gov/Programs/DrinkingWater/ DrinkingWaterQualityAssessments.shtml.

Phase I Report on CALFED Performance Measures. The CALFED Program implementing
agencies have developed a work plan for the development and implementation of performance
measures. The Phase I report is scheduled for completion in the winter of 2007-2008. This report
contains the language and requirements for performance metrics, which is used in this final
assessment report. The Phase I report can be found on the web at

http://science.calwater.ca.gov/pdf/monitoring/monitoring_attachment_1_phase_1_report_091906
pdf.

Studies of Franks Tract, Through Delta Facility, and Delta Cross-Channel Re-Operation
Projects. The CALFED Conveyance Program implementing agencies are developing a summary of
these projects to assist with the CALFED End of Stage 1 Decision. Technical memorandums
prepared for this summary were provided to the WQP. The conveyance projects’ primary purposes
are to improve salinity at Delta intakes. The draft of the summary will be available in October or
November 2007.

The Role of Science in the Delta Visioning Process. The CALFED Science Program convened
a panel of scientists to make recommendations on the critical science considerations for the Delta
Vision Process. This report identifies six critical known risks to the future of the Delta. The report
can be found on the web at
http://science.calwater.ca.gov/pdf/CSP_delta_vision_process_Twiss_062306.pdf.
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1.4 Report Organization
This report is organized as follows:

Chapter 1: Introduction. The introductory chapter provides the specific institutional context of this
report.

Chapter 2: Background on Drinking Water Regulation and the Water Qnality Program. The background
chapter is basically a primer on drinking water quality and CALFED. It provides some basic
information on drinking water quality, drinking water treatment, and drinking water regulation. It
then describes the scope, focus, and goals of the CALFED program.

Chapter 3: Delta and Drinking Water Primer. This chapter provides a brief overview of the Delta, the
drinking water systems connected to the Delta, and a conceptual model of the entire system.

Chapter 4: Status of WQOP Implementation and Delta Drinking Water Quality. This chapter evaluates the
CALFED water quality goals using available monitoring data.

Chapter 5: Sources of Drinking Water Quality Constitnents of Concern. The core of this technical assessment
is contained in Chapters 4 and 5. The solution area is broken up into the areas upstream and
downstream of the Delta intakes. This chapter looks at the sources, transport, and timing of
drinking water constituents of concern in the watershed, at the timescale of interest to treatment
plants receiving that water. Included are discussions on the roles of storage, conveyance, source
control, and future risks, as well as identification of performance metrics.

Chapter 6: Treated Delta Drinking Water Quality. This chapter continues the technical assessment,
focusing on the geographic area downstream of the Delta intake. Here are presented conceptual
models of water quality from intake to the ten studied treatment plants, analyzed for the role of
Delta water quality in the operation of treatment plants and the quality of produced water. This
chapter also evaluates the future of CALFED-funded treatment technology studies and identifies
performance metrics.

Chapter 7: Conclusions and Priorities for Stage 2. This chapter presents the findings of this report as the
priorities for Stage 2 of the CALFED Water Quality Program.

Appendixc A: Stage 1 WOP Funded and Implemented Projects. This appendix contains a list of all projects
funded to support the CALFED Water Quality Program, including the funding, completion year,
project objectives and project highlights and/or status.

Appendixc B: Trend Analyses. This appendix contains the results of trend analyses of bromide, electrical
conductivity, total organic carbon and flow at five Delta drinking water intakes.

Appendixc C: Performance Measures and Action Plan. This appendix pulls together all of the performance
metrics and Stage 2 priorities identified within the final assessment report.

Appendixc D: Technical Memorandum: Identifying Water Treatment Plants using Delta water as a Major Source.
This technical memorandum documents the process used to identify water treatment plants and
analyze data from the California Department of Public Health’s centralized database.
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Appendix E: Delta Drinking Water Quality Study. This appendix is the technical report of the
quantitative study of ten representative water treatment plants in the CALFED solution area.

1 The California Bay-Delta Authority was established by 2003 legislation. It is possible that this governance
structure may change.

2 Ecosystem water quality is implemented under the Ecosystem Restoration Program.
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Chapter 2: Background on Drinking Water Regulation and the
Water Quality Program

The CALFED Water Quality Program is a coordinated effort of its implementing agencies within
and connected to the Sacramento-San Joaquin River Delta. This chapter explains these roles and
responsibilities, and the evolution of the WQP, within the broader national and state context of
drinking water regulation and management as they apply to treatment of Delta waters for pathogens
and disinfection byproduct precursors. This chapter also provides background on the CALFED
Water Quality Program targets, objectives, and implementation during Stage 1.

2.0 Current Drinking Water Regulations

Disinfection of drinking water provides protection against the acute health risks associated with
waterborne infectious disease caused by pathogens and microbes in the source water. Near the turn-
of-the-last-century, chemical disinfection (chlorine) was first introduced into the treatment of
drinking water. As a result, epidemics of typhoid, dysentery, and cholera were essentially eliminated
as public health concerns, and disinfection became a standard of practice for drinking water
treatment. While serious waterborne disease epidemics have largely been eliminated, occasional
outbreaks of gastrointestinal illness associated with drinking water still occur.

In 1993 Milwaukee, WI documented acute health risks resulting from the effects of waterborne
disease in individuals with compromised immune systems provoked a reelevuation of acute
microbial risks in drinking water (Craun, et al)'. Acute health effects occur within hours or days after
consumption of high levels of a contaminant. Microbes, such as bacteria and viruses, are the primary
contaminants in drinking that can occur at levels high enough to cause acute health effects. While a
healthy person may be able to fight off microbial contaminants at acute concentrations without
permanent effects, they can make people ill, and can be dangerous or deadly for a person with a
compromised immune system (e.g., HIV/AIDS). While continued disinfection of drinking water is
necessary to protect the public from the acute health risks associated with waterborne diseases, the
potential for chronic health risks associated with chemical disinfection must also be considered.

Chronic health effects may occur after consumption of low levels of a contaminant for many years.
Certain disinfection byproducts (DBPs) in drinking water may have chronic health effects (e.g.,
cancer, liver or kidney problems, or reproductive difficulties) on humans. Disinfection byproducts
are formed when certain natural precursors, such as organic matter, salts, or nutrients, are exposed
to the oxidants used to inactivate microbes. The majority of regulated DBPs are considered probable
or suspected human carcinogens but, based on animal studies; those containing bromate are the
most potent. Because cost, technological feasibility, and protection from pathogens are taken into
consideration, DBP standards are often set above the estimated one in a million to one in ten
thousand (10° to 10 cancer risk range targeted by regulatory agencies. For example, the estimated
lifetime 10°° cancer risk level for bromate in drinking water is 0.05 pg/I and the 10* level is 5 ug/L,
but the drinking water standard is set at 10 pg/L. It is desirable from a public health standpoint to
reduce DBP concentrations as much as possible.
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Eleven DBPs are currently regulated but many more have been identified. A recent study found
over 600 in a search of the literature and investigated the occurrence of fifty of them in a nationwide
study. Bromide and organic carbon in source water are also precursors for many of these
unregulated DBPs.

2.1 Public Health Protection Basis - National

The Safe Drinking Water Act (SDWA) was originally passed by Congress in 1974 to protect public
health by regulating the nation's public drinking water supply. The law was amended in 1986 and
1996 and authorizes the US EPA to set national health-based standards to protect against both
naturally-occurring and man-made contaminants that may be found in drinking water. Drinking
water is regulated through a combination of setting treated water standards and treatment
technology requirements. The following information is taken from the US EPA Website on SDWA
standard setting (http://www.epa.gov/safewater/standard/setting.html).

The US EPA is authorized to set Maximum Contaminant Level Goals (MCLGs) for selected
contaminants of concern in order to protect the public from both potential acute and chronic health
effects of public drinking water. The US EPA considers available health effect studies and the
potential effects on the most sensitive populations. MCLGs are non-enforceable and are set at a
level at which “no known or anticipated adverse effects on the health of persons occur and which
allows an adequate margin of safety.” Since MCLGs are based solely on the absence of effects with
an adequate safety margin, they can be sometimes be set at a level beyond the capabilities of current
drinking water treatment technology and/or analytical detection. For the putrpose of determining
MCLGs, the US EPA groups contaminants into three categories: non-carcinogens (not including
microbial contaminants); carcinogens; and microbial contaminants.

Once the MCLG is determined, US EPA sets an enforceable standard. In most cases, the standard is
a Maximum Contaminant Level (MCL), which is higher than the MCLG and represents the
maximum permissible level of a contaminant in water which is delivered to any user of a public
water system. The MCL is set as close to the MCLG as feasible, which the SDWA defines as the
level that may be achieved with the use of the best available technology, treatment techniques, and
other means available with some consideration given to cost. Primary MCLs are set to protect public
health, while secondary MCLs are set as aesthetic and cosmetic recommendations. States are
permitted to adopt secondary MCLs as enforceable standards. MCLGs can be a good indication of
where revisions to MCLs may occur in the future.

When there is no economical and technically feasible option available to measure a contaminant at
particularly low concentrations, a Treatment Technique is set instead of an MCL. A Treatment
Technique is an enforceable procedure or level of technological performance which public water
systems must follow to ensure control of a contaminant. Examples of Treatment Techniques are
requirements for microbial log removal credits through disinfection and filtration and optimized
corrosion control to reduce lead and copper. An economic analysis is then completed to determine
whether the costs of compliance are justified based on the level of public health protection or the
standard should be adjusted to reduce the cost.

The review of MCLGs occurs on a five-year cycle, at which time the US EPA gives consideration to
revising the MCLGs for existing contaminants, or establishing new MCLGs for emerging
contaminants from the Contaminant Candidate List (CCL).
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2.2 Public Health Protection Basis — California

The California Department of Public Health (CDPH) was granted primacy by the US EPA to
implement the SDWA within the State of California. As a primacy agent to the US EPA, CDPH
monitors public drinking water systems for compliance with the requirements of the federal drinking
water program. In addition, CDPH sets enforceable MCLs for drinking water contaminants in
California, based upon the Public Health Goals (PHGs) established by the California Office of
Environmental Health Hazard Assessment (OEHHA). A PHG is different from a MCLG set by the
US EPA, as it represents the level of a contaminant in drinking water that does not pose a significant
threat. PHGs serve as guidance to the CDPH in establishing MCLs for drinking water in California.
Like the national drinking water regulations, the MCLs set by CDPH, not the PHGs, are the
enforceable limits in California under the state SDWA (HSC 116365).

In some cases, CDPH has established MCL:s that are more stringent than the MCLs set by the US
EPA — they can never be less stringent. The CDPH can also establish treatment techniques in lieu of
MCLs — for example, the currently proposed Interim Enhanced Surface Water Treatment Rule has
requirements for log removal credits through filtration and disinfection instead of MCLs for
turbidity and several pathogens, viruses, and bacteria. In addition to the list of federally regulated
drinking water contaminants, CDPH has also established MCLs for nine contaminants which are

not currently regulated by US EPA”

Similar to the federal requirements of the SDWA, California’s SDWA requires OEHHA to re-visit
existing PHGs, and give consideration to establishing PHGs for new contaminants on the CCL on a
five-year cycle. The OEHHA methodology for establishing PHGs includes several steps:

e Review existing relevant scientific data available on the specific contaminant under
consideration for the development of a PHG.

e Perform Health Risk Assessment to evaluate data on carcinogenic and non-carcinogenic
endpoints, considering sensitive populations, and cumulative effects.

e C(Calculate a draft PHG using the information from the health risk assessment.

e Develop a formal draft PHG document for internal and intra-agency review, and solicit
public comments.

® Determine the final PHG based on feedback received from the draft PHG review period.

The state SWDA also requires CDPH to review MCLs on a five-year cycle, and to review MCLs in
response to PHGs as they are established by OEHHA.

2.3 DBP regulations

The first rule to regulate DBPs was the Trihalomethanes Rule. It was promulgated in 1979 and
established an MCL for Total Trihalomethanes (TTHMs) of 0.1 mg/L based on a running annual
average (RAA) of quarterly averages of samples collected throughout the distribution system.

Stage I DBPR: The Stage 1 Disinfection By-Product Rule (DBPR) was one of the first rules to be
promulgated under the 1996 SDWA Amendments. US EPA finalized the Interim Enhanced Surface
Water Treatment Rule at the same time as the Stage 1 DBPR in 1998, to ensure simultaneous
compliance and address risk tradeoff issues. US EPA recognized that the DBPR may require
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modifications to disinfection practices for compliance and wanted to ensure that modification made
by a utility do not create issues in protection from microbial pathogens.

In addition to MCLGs for DBPs, the Stage 1 DBPR established enforceable MRDL standards for
three chemical disinfectants (chlorine, chloramine, and chlorine dioxide). The rule also established
an MCL of 80 pg/L for TTHMs(reducing the standard from 100 ug/L), an MCL of 60 pg/L for
five haloacetic acids (HAA5), and an MCL of 10 pg/L for bromate, all based upon a system wide
RAA. Additionally an MCL of 1 mg/L was established for chlorite (based on daily and monthly
sampling).

Stage 2 DBPR: The Stage 2 DBPR was promulgated in 2005, and builds upon on foundation of
the Stage 1 DBPR. While the MCLs for TTHMs, HAA5 and bromate have remained the same, the
RAA calculation was modified to a locational running annual average (LRAA). The LRAA
calculations average quarterly samples taken at each individual sampling location in a distribution
system during a one-year period, as opposed to averaging all the samples collected system-wide. In
addition to this change, the regulation also requires systems to carry out an Initial Distribution
System Evaluation (IDSE) to select compliance monitoring sites that reflect higher TTHM and
HAAD5 levels occurring in the distribution system.

Similar to the Stage 1 DBPR, the Stage 2 DBPR was promulgated in parallel to the Long Term 2
Enhanced Surface Water Treatment Rule (LT2ZESWR). This rule reduces the potential for disease
incidence associated with Cryptosporidium and other pathogenic microorganisms by requiring source
water monitoring and providing additional Cryptosporidium treatment in higher risk systems. By
promulgating these rules in parallel the US EPA ensured that reduction of DBPs would not
compromise microbial protection.

2.4 Multiple Barrier Approach

The SDWA focused initially on treatment as the means of providing safe drinking water to the
public. However, the 1996 SDWA amendments added source water protection, operator training,
funding for water system improvements, and public information as integral elements of a regulatory
compliance program. These additional components provided the framework for a “Multiple Barrier
Approach” to deliver high-quality, safe drinking water to the consumer, from the source to the tap.
The basic premise of the Multiple Barrier Approach is to establish multiple barriers between
potential drinking water contaminants and the public, starting at the source and ending with the
consumer at the tap.

The components of the Multiple Barrier Approach as provided in the elements of the SDWA
include:

Barrier #1 - Source Water Protection (Risk Prevention): Protecting high-quality source
water from potential contamination and/or improving source water quality
through the implementation of source water protection strategies such as Best
Management Practices (BMPs) provides the first and most effective barrier against
degradations in drinking water quality.

Barrier #2 - Treatment (Risk Management): When contaminants are present in the source
water, public water systems are responsible for treating those contaminants and
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delivering tap water that meets the drinking water standards, usually through
physical removal processes and chemical disinfection. Regulations require water
systems to test their treated water for specified contaminants in accordance with a
specified frequency and report the results to the State. As an additional risk
management barrier, water treatment plant operators must meet a set of minimal
training and certification requirements.

Barrier #3 - Distribution System Integrity (Monitoring and Compliance): The proper
monitoring and operation of the distribution system can be an effective barrier to
prevent contaminants from reaching the public. If not properly maintained,
degradation of otherwise high quality drinking water can occur in the distribution
system. Proper monitoring and compliance of a distribution system should include
routine inspection, maintenance and operational procedures to address any
deficiencies.

Barrier #4 - Public Information (Individual Action): As a last and final barrier between
contaminants and the public, a water supplier must notify its customers of
contaminants that are present in their drinking water. For some water agencies,
these notifications are provided through their Consumer Confidence Reports
(CCRs) issued annually. For exceedances of MCLs, water agencies must also notify
their customers. In addition to the notification requirements for the drinking water
providers, the public also has some responsibility in helping local water suppliers to
set priorities, make decisions on funding and system improvements, and establish
programs to protect drinking water sources.

2.5 Strengthening Source Water Protection

Source water protection is a crucial component of the Multiple Barrier Approach, yet even before
this approach was articulated source water protection has been provided through regulations that
protect waters and watersheds. The 1972 Clean Water Act was promulgated to protect the nation’s
waters as “fishable, swimmable, and drinkable” by regulating discharges into waterways. Significant
improvements came through the regulation of municipal and industrial wastewater discharges into
surface waters. The US EPA is responsible for implementing the Clean Water Act at the national
level, setting national water quality standards, policies, and programs. In California, the California
State Water Resources Control Board (State Water Board) and the nine Regional Water Quality
Control Boards (Regional Water Boards) are responsible for implementing the Clean Water Act, and
the state’s Porter-Cologne Water Quality Control Act. The Water Boards establish Water Quality
Control Plans (Basin Plans), which designate beneficial uses of water, establish water quality
objectives for constituents to protect beneficial uses, and outline an implementation plan to achieve
the objectives. The Water Boards identify and prioritize polluted water bodies, establish total
maximum daily loads and implementation programs, and issue permits and waivers for all manner of
wastes discharged into California’s surface waters. The State Water Board also has authority for
establishing and enforcing water rights in California. Within the Delta, water quality and flow
objectives are established through the Water Quality Control Plan for the San Francisco
Bay/Sacramento-San Joaquin Delta Estuary (Delta Plan).

The Basin Plan for the Sacramento-San Joaquin River Basins incorporates the primary and
secondary Maximum Contaminant Levels (MCLs) specified in Title 22 of the California Code of
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Regulations for waters designated for use as domestic or municipal supply (MUN), including Delta
waters. It also incorporates the Delta Plan water quality objectives for chloride and salinity. The
chloride objectives were set to protect MUN supplies with the exception of the 150 mg/L objective,
which is based on industrial supply uses. The salinity objectives are based on protecting beneficial
uses more sensitive than MUN, specifically aquatic life and agriculture. There are no water quality
objectives for some drinking water constituents of concern such as organic carbon and pathogens.
In the 1990s, California Urban Water Agencies (CUWA) recognized that many of the constituents
of concern to drinking water agencies were not being regulated by the Regional Water Boards,
Shortly before the WQP was established, CUWA, the US EPA, CDPH, and the State and Central
Valley Water Boards recognized the need to collaborate on the development of a policy to more
comprehensively protect drinking water use in the Delta — this became the ROD objective to
develop a Central Valley Drinking Water Policy.

2.6 Delivery of Drinking Water through the Delta

Drinking water supply and quality is further complicated by the vast water projects that provide
water supply and water supply reliability across California. The California Department of Water
Resources (DWR) owns, operates, and maintains the State Water Project (SWP), which captures
water in the Sacramento Valley and delivers water to the North and South Bay Areas, Central Valley,
Coast, and Southern California through the Delta. The United States Bureau of Reclamation
(Reclamation) owns, operates, and maintains the federal Central Valley Project (CVP), which
captures water from the Sacramento and San Joaquin River watersheds and also delivers it across the
state through the Delta. These agencies are reimbursed through contracts with agricultural and
municipal water suppliers. The majority of drinking water supplied in California is supplied through
the State Water Project, and thus the Department of Water Resources represents the largest drinking
water interest group. Both agencies seek to optimize the system for water supplies, while meeting
existing biological and water quality regulations, but they also administer programs to contribute to
fish and water quality efforts. For example, the Department of Water Resources has two groups
which work on drinking water quality — the Municipal Water Quality Investigations program which
monitors and assesses drinking water constituents of concern in the Delta and the SWP Operations
and Maintenance group which monitors and assess drinking water constituents of concern within
the SWP infrastructure. The federal and state projects are discussed further in Chapter 3.

2.7 The Creation of the CALFED Program

The late 1980s and early 1990s was a period of prolonged drought for California, which exacerbated
the inherent conflicts between the many beneficial uses of the Delta. Agencies and stakeholders’
ability to balance needs of water supply, water quality and ecosystem - often referred to as the
“three-legged stool” of the Delta- came into serious question. In the mid-1990s hundreds of
stakeholders participated in a four-year discussion to develop a solution that would improve the
Delta’s use for water supply, water quality, ecosystem, and the reliability of its levee system. This
solution became the CALFED Bay-Delta Program.

The CALFED Bay-Delta Program was envisioned with a thirty-year planning horizon. The four
goals are implemented through eleven CALFED program elements, which include the Water
Quality Program (WQP) and several other programs that can also positively affect water quality such
as storage, conveyance, ecosystem restoration, and watershed. The Record of Decision (ROD)
outlines a general water quality goal of “continuously improving Delta water quality for all uses,
including in-Delta environmental and agricultural uses.” CALFED also has programmatic goals of
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coordination, transparency, and accountability. The CALFED Bay-Delta Authority provides
oversight of the program and the CALFED Bay-Delta Public Advisory Committee (BDPAC)
provides a stakeholder forum.

One of eleven CALFED program elements, the WQP focuses on drinking water quality and
indirectly on agricultural water quality. The WQP is implemented by the US Environmental
Protection Agency, the California Department of Public Health, the State Water Resources Control
Board, and the Regional Water Quality Control Boards, referred to as “implementing agencies.”
The implementing agencies also coordinate closely with the California Department of Water
Resources, the US Bureau of Reclamation, and the US Geological Survey, referred to as
“participating agencies.” There has also been a stakeholder group advising the WQP at every stage,
from the Delta Drinking Water Council to the BDPAC Drinking Water Subcommittee, to the
current BDPAC Water Quality Subcommittee.

The CALFED program also institutionalized two new concepts in program implementation:
adaptive management and performance measurement. The Water Quality Program Plan (2000)
describes adaptive management as an evolutionary and collaborative process that requires
continuous learning about and decision-making to solve the Bay-Delta estuary’s problems. Figure 2-
1 is a diagram of the adaptive management process as it was initially envisioned; Figure 2-2 is a
recent evolution of this process. “Goals” and “targets” are used interchangeably in the ROD when
discussing drinking water, and should not be interpreted in the same way as regulations or ecosystem
water quality goals and targets are interpreted; “objectives” refer to desired programmatic-level

Figure 2.1 Adaptive Management Pyramid 2000 Figure 2.2 Adaptive Management Cycle
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outcomes. CALFED defines Performance Measures as a means to gauge the progress of an action
and Indicators of Success as a means of assessing progress toward endpoints or targets that are
representative of when beneficial uses are no longer impaired. Performance Measures are quantified
through a collection and assessment of performance metrics —data collected at a specific location
and frequency for a specified purpose. These factors combine to answer the question, “Is water
quality improving?” Performance measures can quantify administrative measures or input measures
(funds, actions, projects), drivers (project implementation outcomes, natural phenomena), and
outcome measures (program implementation outcomes, status and trends of environmental
conditions).

As stated in the ROD, the goal of the WQP is to provide “safe, reliable, and affordable drinking
water in a cost-effective way,” with a target to “achieve either: (a) average concentrations at Clifton
Court Forebay and other southern and central Delta drinking water intakes of 50 pg/L bromide and
3.0 mg/L total organic carbon (TOC), ot (b) an equivalent level of public health protection using a
cost-effective combination of alternative source waters, source control, and treatment technologies.”
The ROD identifies ten WQP commitments - a list of projects/activities necessary to make progress
toward water quality for improvement during Stage 1.

2.8 Background of CALFED Water Quality Targets

In 1998, a panel of three water quality and treatment experts, engaged by the California Urban Water
Agencies (CUWA), produced a report titled “Bay-Delta Water Quality Evaluation, Draft Final
Report”. CUWA had charged the panel with developing potential regulatory scenarios, defining
appropriate treatment process criteria, and estimating the Delta source water quality required to
achieve compliance under the anticipated regulatory scenarios. The approach to the problem was to
work backwards from finished drinking water standards, through the treatment process, to the Delta
source water quality required to reliably meet those standards. The expert panel used information
from a variety of sources to conduct this analysis including available literature, data submitted by
CUWA member agencies, ongoing research, and best professional judgment.

The panel identified two regulatory scenarios for their evaluation, a near-term scenario consisting of
the then current treatment rules governing pathogen inactivation and disinfection and a long-term
scenario which included the anticipated more stringent versions of these rules then under
development. The long term scenario, referred to in this report as the CALFED ELPH targets, were
regulatory levels of 40 pg/L total trihalomethanes (TTHMs), 30 pg/L haloacetic acids (HAA5s), and
5 pg/L bromate (as running annual averages) as well as an additional 1 to 2-log inactivation of
Giardia and 1-log inactivation of Cryptosporidium. The panel focused on inactivation requirements and
the DBP precursors TOC and bromide as the constituents in Delta water that would be most likely
to drive treatment technology decisions. Their basic finding was that, under the more stringent long-
term scenario, it would be necessary to keep Delta water diverted for municipal use to no more than
3 mg/L TOC and 50 pg/L bromide to give users flexibility in their choice of treatment method
(enhanced coagulation or ozone disinfection). They also found that using more advanced
technologies (granular activated carbon (GAC) or membranes) could allow relaxation of these
targets but the feasibility for large-scale application was questioned. For the less stringent near-term
regulatory scenatio, TOC from 4 to 7 mg/L and bromide from 100 to 300 pg/L was determined to
be acceptable. Since the Stage 2 LTSWTR is moving to a locational running annual average — where
compliance must occur in every part of the distribution system — it is too eatly to know whether
these near-term findings are still accurate.
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2.9 Interpretation of CALFED Water Quality Program Goals during Stage 1

The WQP ROD targets are essentially surrogates for the recognition and continual linkage of source
water quality with treated water quality, especially as treated water quality regulations tend to grow
increasingly stringent over time. The Delta system is changing in response to other needs, and
combined with regulatory changes, treatment plants will increasingly be forced into more advanced
drinking water treatment. While water agencies are required to assess their source water quality and
the threats to that quality, many water agencies also actively seek to improve the water quality
entering their treatment plants in order to better protect public health. The Central Valley Drinking
Water Policy ROD commitment seeks to institutionalize this linkage between source and treated
water quality. This “equivalent level of public health protection” (ELPH) approach is the backbone
of the WQP, and the program is based on the concept of a multiple barrier approach or a “cost-
effective combination of alternative source waters, source control, and treatment technologies”
(Figure 2-3). Although the anticipated reduction in TTHM, HAA5 and bromate did not occur in the
Stage 2 LTSWTR, current research still suggests serious potential health risks associated with
brominated disinfection by-products. Also, while initial pathogen monitoring suggests that existing
pathogen levels will not result in increased inactivation requirements in the near future, continuing
population growth within the central valley suggests that increased which will require an adaptive
approach to water quality constituents of concern.

Figure 2.3 Diagram of an Equivalent Level of Public Health Protection (ELPH)
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To better identify the elements of ELPH, the Drinking Water Subcommittee assisted the WQP in
developing a visual representation of the range of alternatives or tools to protect water quality from
source water improvement, to conveyance and storage, to treatment technologies, given the
geography of the Bay-Delta water operations systems. This representation is referred to as the
“ELPH diagram” and the representation is described in a narrative called the “CALFED Drinking
Water Quality Conceptual Framework.” The challenge has been for the WQP is to combine this
construct with conceptual models of constituents of concern to produce an overall strategy to
achieve its water quality goals. Figure 2-4 shows how this multiple barrier approach has been applied
by the WQP.

Figure 2.4 An Example of the WQP Application of a Multiple Barrier Approach
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Transport ] ]
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Exchanges - Enable voluntary exchanges of Delta water
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Local Supplies - Improve quality of local water supplies Program (IRWMP)

Treatment and
Distribution

Alternative treatment - Improve processes/operations
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Distribution systems (local only) - Improve
distribution system to reduce regrowth of microbials and

NBA lon Exchange for Organic Ca
UV Light and Multiple Disinfectants
Integrating UV Light to Achieve Mul
Bromate Control with Carbon Dics

production of DBPs

The WQP has identified a number of water quality constituents of concern in addition to bromide
and total organic carbon (TOC). Numeric targets for these constituents in the Delta were originally
listed in Appendix D to the Water Quality Program Plan and have been reiterated in recent Multi-
Year Program Plans. Numeric targets include: chloride (250 mg/L maximum mean daily and a
petrcentage of calendar days below 150 mg/L), nutrients (10mg/L ot no increase in nitrate levels),
total dissolved solids (<220 mg/L 10-year average or <440 mg/L monthly average), pathogens (< 1
oocyst/100L for Giardia and Cryptosporidinm), and turbidity (50 N'TU). These key constituents (with
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the exception of turbidity) are being addressed in the development of the Central Valley Drinking
Water Policy. The relevance of these goals will continue to be examined through the Central Valley
Drinking Water Policy process, conceptual model and performance measure development, and
through adaptation to changing treatment regulations.

2.10 Implementation of the CALFED Water Quality Program

The types of projects funded by the WQP are highly reflective of the source of their funding. Bond
funding, for example, has been explicit in the categories and types of projects for which the funds
can be used. Generally this funding does not support system-level monitoring and assessment, or
performance measure development type activities, and often is restricted to implementation projects.
Only the 2001 grants program, funded by the State General Fund, permitted project funding in all
areas, which allowed the program to fund the construction of water quality monitoring stations and
installation of monitoring equipment. The following two rounds of funding (2002 and 2003) were
restricted primarily to the Source Improvement action area; most of the WQP-funded projects have
been selected through open competitive grant programs. Outside of CALFED, implementing and
participating agencies have existing water quality activities that also contribute to improving drinking
water quality, such as the State Revolving Funds. These activities have not been included in the
accounting of the WQP during Stage 1.

In 2005, the WQP produced an Initial Assessment Report, to evaluate the progress of the program
as required by the ROD. This effort focused on evaluating the projects funded by the WQP, and
made the following determinations:

e A relatively small number of projects had been implemented and most of them have
been research rather than implementation efforts.

e The WQP is making progress towards gaining an understanding of drinking water
quality, through the funding of continuous water quality monitoring stations at key
locations in the Delta and at Delta drinking water intakes, the development of high-
priority constituent conceptual models by the Central Valley Drinking Water Policy
project, and through a few key research studies.

e The lack of funding and resources for comprehensive monitoring and assessment has
prevented the collection of long-term monitoring data needed to evaluate the fate and
transport of priority constituents from the watershed through the treatment plant.

e Also, the ROD calls for an assessment of “water quality targets,” yet water quality trends
are generally assessed in much longer time-frames (i.e., 10 to 20 years or more), especially
for water quality in the highly variable, complex Delta.

e In the first four years of the WQP there has been a disconnect between the goals of the
program and the distribution of funds for WQP projects.

e Implementing agencies are not always allocated the resources to truly manage the
contracted funds, and this lack of resources results in a low prioritization for
communication of WQP goals, for tracking relevant progress of funded projects, and
communicating results to the WQP.
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e Itis unclear, however, how treatment demonstration studies translates into progress
towards the ELPH target.

Another important component of the implementation of the WQP is the development and
implementation of performance measures. Measuring performance and using performance to guide
implementation is a major emphasis of the CALFED program, as seen in the ROD. The WQP has
been working to develop outcome performance measures for the past two years; this report presents
proposed performance measures throughout Chapters 4, 5, and 6, and the performance measure
information is presented in its entirety in Appendix E.

' Craun, et al, 1998,
2 http://www.cdph.ca.gov/certlic/drinkingwater/Documents/DWdocuments/EPAandCDPH. pdf

3 Available at the CALFED WQP Website:
http://calwater.ca.gov/Programs/DrinkingWater/DrinkingWater.shtml.
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Chapter 3: Delta and Drinking Water Primer

This chapter is meant to provide background to readers who are unfamiliar with the topics of
California water supply, Delta hydrodynamics, and drinking water treatment.

3.1 The Delta as a Water Supply

At least 23 million Californians get some part of their drinking water supply from the Delta. The
Delta’s watersheds and the area supplied with Delta water together stretch nearly the full length of
the state from Oregon to the Mexican border. The massive State Water Project (SWP) and federal
Central Valley Water Project (CVP) pumps in the south Delta can divert more than 10,000 cubic
feet per second for agricultural and municipal water supply.

While acting as the hub of California’s water system and contributing a significant fraction of
irrigation water for the state’s agricultural production, the Delta is also home to some of the state’s
most economically important and environmentally significant fish and wildlife species. Figure 3.1
displays the features of the project facilities; water can travel many hundreds of miles and several

Figure 3.1
Major California Water Systems
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weeks before it arrives at a drinking water treatment plant. Figure 3.2 is a closer view of the Delta
and shows the locations of the major water supply intakes in the Delta.

Figure 3.2 Major Water Supply Intakes in the Sacramento River - San Joaquin River Delta
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Attempts to characterize the Delta in simple terms often fall short, as the Delta is a complicated
place physically, chemically, and biologically. Much of the way that the Delta is described depends
on what aspect of the Delta one is considering and the point of view — this is especially true for
water quality. Differences in water quality that would seem insignificant relative to fish habitat can,
from the viewpoint of drinking water supply, range from high quality to very poor quality (highly
saline). On the other hand, characteristics of water quality that have little effect on agriculture or are
easily removed by drinking water treatment can be unhealthy for the ecosystem. Water quality is
seldom viewed in a truly integrated way, and therefore the words “water quality” can mean many
different things. Most commonly, “water quality” in the Delta refers to salinity. For example, Delta
water quality (salinity) has recently been described as too homogeneous with respect to its aquatic
life habitat characteristics', yet from a drinking water perspective, salinity is highly variable both
geographically and over time.
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Salinity is an unfilterable, nonvolatile, dissolved constituent: it is historically used as a measure to
determine the usability of a water supply as it is very energy intensive to remove. Salinity is not
typically removed by most drinking water treatment processes, instead water supplies are managed
to reduce salinity to usable (or lower) levels. This salinity-driven management of water supplies
occurs throughout California on a very sophisticated level, for both agricultural and drinking water
supplies. Salinity is therefore the most well monitored, assessed, and numerically modeled
constituent in the state of California — which is not to suggest that it is perfectly understood.

The Stage 1 Final Assessment is focused on the component of salinity — bromide — that is related to
disinfection byproduct formation, although clearly salinity underpins a broader spectrum of water
supply and water quality needs of municipal, agriculture, and the ecosystem. Salinity is the most
commonly discussed “water quality” in the California water arena. This chapter therefore includes
information on salinity for those readers less familiar with salinity, in order for the remainder of the
report to focus on that part of salinity that the WQP is specifically tasked with addressing.

3.2 Drivers of Salinity in the Delta

The primary source of salinity in Delta water is the ocean itself. The Delta is the upstream part of
the San Francisco Bay —Sacramento-San Joaquin Delta estuary, the largest estuary on the west coast
of the United States. It is natural for estuaries to have a gradation in salinity from completely fresh
water to the salinity of the ocean. In fact this salinity gradient is a defining characteristic of estuaries.
This mixing of seawater and fresh water is the result of the tides and other complex hydrodynamic
processes. By volume, only a small fraction of the water that makes it to the state and federal pumps
in the central and southwestern Delta is seawater but that tiny fraction has a profound effect on the
concentration of salts. Seasonally, seawater mixing into the Delta can increase salinity by more than
40% at the diversion points.

Delta water quality is a function of the interplay between the tides, river flows, and water quality
inputs, and the complex geometry of Delta channels and Delta islands, together defined as
hydrodynamics. This section presents an overview of tides, tributary inflow, geometry, and Delta
islands separately and then presents some of the observed spatial and temporal patterns of salinity
due to the varied interplay of these drivers. Some of these same processes drive other characteristics
of Delta water quality (such as organic carbon, turbidity, nutrients and pathogens), but they are
discussed in Chapter 5. Further information and detailed technical evaluation of salinity can be
found in numerous documents, one example is the Central Valley Drinking Water Policy’s salinity
conceptual model’,

3.2.1 Tides

The Delta is generally the tidal freshwater portion of the Sacramento-San Joaquin — San Francisco
Bay estuary. During low summertime flows, the twice daily high tide pattern is plainly observable in
river depth measurements as far upstream as downtown Sacramento and at Mossdale on the San
Joaquin River. In the more downstream Delta channels, water rushes upstream with the rising tide
and then back downstream as the tide falls. A particle moving along with this water can travel as
much as eight miles upstream and downstream with each change of the tide. This tidal flow reversal
diminishes as you move upstream, this is illustrated in Figure 3.3. Because river flow is moving water
downstream driven by the force of gravity there is, on average, more flow in the downstream
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direction than in the upstream direction. The difference between downstream flow and upstream
flow is often called net flow, which, of coutse, is to the ocean.

Figure 3.3 Tidal flows in the Delta and Suisun Bay (courtesy of Jon Buran, USGS)

In the downstream reaches of the Delta, this upstream and downstream tidal surge is typically much
greater than the net flow. This tidal movement of water is a powerful force that spreads salty water
from the bay upstream into the Delta. It also tends to homogenize water quality within the Delta. A
particle in the water can even move all the way around a Delta island powered only by the tide.

3.2.2 Inflow

The major rivers feeding the Delta are the Sacramento and San Joaquin, followed by the lesser
tributaries on the east side, the Calaveras, Mokelumne, and Cosumnes Rivers. Small streams also
feed directly into the Delta in Contra Costa County and into the Cache Slough — Yolo Bypass
complex in the northwestern Delta. The Sacramento River accounts for about 70% of Delta inflow,
the San Joaquin River contributes about 20%, the eastside tributaries together account for about 5%
with the remainder coming from rainfall in the Delta and a few other small streams. These relative
contributions can vary depending on the amount of precipitation in the watersheds but, averaged
over the water year, the northern half of the State always gets more rain than the southern half. This
uneven distribution of precipitation is the reason the State and Federal projects capture water and
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move it south. The Sierra Nevadas to the east and the Mount Shasta area to the north are the source
of most of the Central Valley and Delta water supply.

In California most of the annual rainfall occurs from October through March. Water is stored in
reservoirs during the wet season and released during the dry season. These patterns of storage and
release alter the seasonal pattern of flow in the major tributaries and can even offset a lack of rain in
dry years. Except during periods of very high runoff, the water leaving the reservoirs and entering
the valley floor is generally of high quality. Seasonal runoff events can move large amounts of
sediment, organic carbon, and other constituents - especially in unregulated streams. However, the
biggest change in water quality occurs as rivers pass through the agricultural lands and urban areas of
the valley floor. Water quality is further degraded in the Delta due to municipal discharges,
agricultural drainage, primary plant production in streams, and seawater intrusion.

The most important determinant of Delta salinity is the amount of natural runoff available in a given
year. In wet years, Delta salinities are very low for long periods of time simply due to the large
volumes of runoff flushing salts out of the system and pushing the seawater gradient further out
towards San Francisco Bay and the Pacific Ocean. Conversely, in years with low precipitation,
keeping the Delta fresh enough to use as an irrigation and municipal water source is a struggle.
There is a strong correlation between annual average salinity at the intakes and indices of runoff
(water year indices) for the Sacramento and San Joaquin rivers.

3.2.3 Geometry

The Delta is a maze of islands and channels at the confluence of the Sacramento and San Joaquin
Rivers. There are several hundred miles of interconnected channels in the Delta that are kept from
flooding the low lying islands and bordering lands by more than 1000 miles of levees. Much of the
core Delta land area is below sea level, relying on pumps to remove the seepage, agricultural
drainage, rainfall, and runoff that would otherwise inundate the land.

Some Delta channels follow their natural courses while others have been rerouted or are completely
man-made. The two largest branches of the Delta, the Sacramento River and San Joaquin River
channels, have been dredged to a minimum depth of 35 feet to accommodate ocean going ships
traveling to the ports of Stockton and Sacramento. Both of these channels were straightened in
places by cutting across islands and points. The Sacramento Ship Channel upstream of Cache Slough
is a completely artificial dredged channel. At numerous other places in the Delta, natural channels
have been interconnected creating the current Delta map. At strategic points in the system, barriers
(permanent and temporary) are used to control the flow of water. This is done to regulate water
levels, to improve water quality, and to shift the migratory pathways of fish moving through the
Delta. These man-made and modified channels and barriers add another layer of complexity to the
geometry of the Delta.

3.2.4 Delta Islands

Levees surround islands and tracts many of which are below sea level. Many islands in the central
Delta have subsided to the point that parts are more than 25 feet below sea level. About 425,000 of
the Delta’s 738,000 total acres are used for agriculture. However, the islands have other uses as well.
Highways, railroads, recreation facilities, gas extraction, utility corridors, and residential communities
are also important land uses. Delta islands affect salinity in the Delta in two ways: island water
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balance maintenance concentrates salinity before discharging it back into Delta channels and levee
failures can result in increased seawater intrusion into the Delta.

There are hundreds of pumps that move water off the islands and discharge into Delta channels.
This water is a combination of agricultural return flow, subsurface drainage, seepage, and rainfall
runoff. The quality of the water in this drainage generally reflects the quality of the water diverted
onto the island for irrigation, leaching of the peat soils on the islands, and agricultural chemicals
used. Thus, water discharged from Delta islands is usually higher in salinity and bromide than the
adjacent channels due to evaporation and transpiration.

Levee failures occur regularly and from a variety of causes. Failures, like the Jones Tract failure of
2004, draw large volumes of water into the Delta as the subsided islands fill with water. This draws
seawater into the Delta; increasing salinity and generally resulting in emergency water management
actions to reduce the impact on water supplies taken from the Delta.

3.2.5 Salinity at Delta Intakes

The quantity and quality of water diverted from the Delta at the CVP, SWP, and other municipal
intakes is a function of all of the processes and drivers described above. Tides strongly mix the
waters of the western Delta; while river flows and flows induced by the SWP and CVP pumps are
more important around the Delta’s periphery. Under average Delta conditions, when there is neither
an excess nor deficit of inflow, the pattern of Delta salinity is shown in the following figure.

Figure 3.4 Tidally averaged Electrical Conductivity (EC) contours for July 10, 2004 (courtesy of Resource
Management Associates)
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The southeastern Delta, in the vicinity of Stockton and extending into Old River and connected
channels, is dominated by San Joaquin River flows. The northern Delta channels extending down to
about the main San Joaquin River channel in the central Delta is dominated by high quality
Sacramento River water. The seawater salinity gradient, representing the equilibrium between tidal
mixing and downstream net flow of fresh water, is seen impinging on the western Delta. The
combined influence of Sacramento River inflow and pumping at the Harvey O. Banks (Banks, SWP)
and C.W. “Bill” Jones (Tracy, CVP) pumping plants is thought to be the cause of the “freshwater
corridor” extending across the central Delta from north to south.

INTAKE

‘ Salinity impacts the ways in which drinking water utilities
a‘:-:-:ﬁE —— manage their supplies, which is apparent in some of the
treatment plants examined in Chapter 6 and Appendix E.
CHEMICAL ADDITION Chapter 4 examines bromide at the Delta intakes, and

Chapter 5 further discusses bromide sources, drivers, and
control options. Chapter 6 additionally examines the
) connection between bromide in source waters, changes
through conveyance and storage of raw water, and resulting
brominated disinfection byproducts.

COAGULATION AND
FLOCCULATION

3.3 Drinking Water Treatment

PRETREATMENT Drinking water is physically and chemically processed before

it is delivered to consumers. This section provides an
overview of drinking water treatment. Chapters 4, 6, and
Appendix D provide increasingly specific information on the
types of treatment processes used within the CALFED
solution area. Appendix E provides additional technical
details on drinking water treatment. Chapter 2 provides
background on treated water regulation.

SEDIMENTATION / CLARIFICATION

FILTRATION

The primary function of drinking water treatment is to
provide healthy and safe drinking water to consumers.
DISINFECTION' Treatment’s secondary function is to provide good aesthetic
quality (for both human consumption and for household and
industrial use). The manner in which this is done depends on
DISTRIBUTION a number of factors, including source water quality and

S ) o economics.
Disinfection can be applied at any location in

the treatment process and at multiple locations

The primary function of drinking water treatment is to provide healthy and safe drinking water to
consumers. Treatment’s secondary function is to provide good aesthetic quality (for both human
consumption and for household and industrial use). The manner in which this is done depends on a
number of factors, including source water quality and economics.
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3.3.1 Pre-treatment

“Pre-treatment,” includes coagulation/flocculation and sedimentation/clarification. When pre-
treatment occurs prior to filtration, the whole treatment process is considered “conventional
treatment.” Non-conventional treatment processes, such as direct filtration, omit the sedimentation/
clarification process and consist only of coagulation/ flocculation followed directly by filtration. A
number of variations exist within pretreatment that change effectiveness or constituents targeted;
the driving factors for these variations are usually economics and water quality.

The coagulation/flocculation process employs chemical coagulants and rapid mixing (or flash
mixing) to bind non-settleable solids into larger, settleable solids, to aid and accelerate the
sedimentation/clarification and filtration processes (duting which the solids ate removed from the
water). Chemical coagulants commonly used in California include ferric chloride (FeCl;), aluminum
sulfate (alum or Al,(SO,);), aluminum chloride (AICl;), and poly-aluminum chloride (PACI). In
addition, polymers or other synthetic chemicals are sometimes used at this stage, or just prior to
filtration, to enhance the removal of solids that are difficult to filter out.

The sedimentation process traditionally uses gravity to remove larger suspended particles; water
moves slowly through a large tank, allowing heavier particles to settle to the bottom.

3.3.2 Filtration

Filtration removes the remaining suspended particles by passing the water through a gradation of
fine grained media (media filtration) or polymer membranes (membrane filtration). Media commonly
used in California include sand and anthracite. Filters sometimes include granular activated carbon
(GAC) because of its high capacity to adsorb organic compounds. Gravity filtration, which is the
most common type of media filtration operation used in California, uses gravity to move water
vertically through the filter media. Pressure filtration systems employ pressure either to accelerate a
vertical filtering process or to force horizontal flow through the filter media. Membrane filtration is
an emerging technology that California agencies treating Delta water have started to implement on a
limited basis. During membrane filtration with typical microfilters, very small particles (smaller than
0.1 to 1 um) pass through a synthetic membrane and larger particles (over 1 um) are retained on the
feed side. For a particle to pass through the membrane, its size must be smaller than the pore size of
the membrane. Microfiltration (using pore sizes 0.1 to 1 um) will remove many bacteria and
protozoa because most bacteria and protozoan oocysts (Giardia and Cryptosporidium) are larger than 1
um (protozoan oocysts are also usually larger). Ultrafiltration or nanofiltration is required to remove
viruses, which are usually smaller than 0.1 um. Membrane filtration therefore can meet portions of
the microbial log removal requirement — various technologies and chemicals are rated as to their
ability to remove or inactive microbes, 90% removal corresponds to 1 log removal, 99% to 2 log
removal, etc.

3.3.3 Disinfection

Chemical disinfection can serve multiple purposes in addition to inactivating (killing) pathogenic
microorganisms. Chemical disinfection can also resolve taste and odor (T&O) issues and treat some
problematic organics. Disinfectant residuals must be maintained in the distribution system to
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prevent microbial regrowth. Commonly used disinfectants are chemical (free chlorine, chloramines,
chlorine dioxide, or ozone) and physical (ultraviolet light).

Disinfection using chemicals may occur at any point in the treatment train, and often, water
treatment plants (WTPs) include chemical disinfection at more than one step. Chemical disinfection
to meet required log removal requirements is commonly referred to as primary disinfection.
Disinfection prior to filtration is typically referred to as “pre-disinfection” and disinfection after
filtration is called “post-disinfection.”

The selection of a disinfectant often requires evaluating tradeoffs and balancing effective
disinfection with the minimization of disinfection by-product formation. Ozone might be used, for
example, because it does not produce trihalomethanes (THMs) or haloacetic acids (HAAs). Ozone
does, however, produce bromate, the formation of which can be reduced by lower the pH of the
water being disinfected. Removal of bromide during treatment to prevent the formation of bromate
is primarily limited to processes such as ion-exchange and is not commonly practiced.

3.3.4 Distribution

The purpose of a water distribution system is to deliver an adequate water supply at sufficient
pressures while maintaining water quality. Disinfectants may be added just prior to distribution,
because disinfectant concentrations must be maintained throughout potable water distribution
systems to prevent microbial regrowth.

The disinfectant used in the distribution system can be different from or the same as the primary
disinfectant. Frequently, when chlorine is applied after filtration there is no additional disinfectant
added prior to the distribution system. The chlorine applied at this point serves as both the primary
and residual disinfectant. Some treatment plants apply chlorine as the primary disinfectant and then
add ammonia prior to the distribution system so that chloramines (combined chlorine) are present
through the distribution system.

3.4 Drinking Water Constituents of Concern

The CALFED Bay-Delta Program is focused on the Sacramento-San Joaquin River Delta, and
therefore the WQP has focused on surface water quality sources and treatment, rather than ground
water. Surface waters and ground waters can have different characteristics, issues, and regulations.
The Water Quality Program Plan’, an attachment to the CALFED Bay-Delta Program
environmental documentation, identified a set of specific drinking water quality constituents of
concern and suggested specific program (not regulatory) targets, shown in Table 3.1. This
information was based on existing regulations in some cases and on the anticipated regulatory
environment at the time in other cases; changes in that environment are noted in the table.

The drinking water constituents of concern are constituents that are known to occur at Delta
drinking water intakes at concentrations that can challenge drinking water treatment and its ability to
achieve regulatory requirements — this has not changed during Stage 1.

Total Organic Carbon (TOC) is a measure of natural organic material, which is both particulate and
dissolved organic matter - derived from materials of plant, animal, and bacterial origins in various
stages of decay. TOC is important to drinking water treatment because it can lead to color
formation, taste and odor problems, interfere with treatment processes, and react with disinfectants
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to form harmful disinfection by-products. Organic matter is also important to ecosystem function;
though it is not fully understood which specific compounds support ecosystem function and which
interfere with drinking water treatment. Organic carbon is also measured and described in a variety

of ways. Organic carbon is discussed in more detail in Chapter 5.

Table 3.1 CALFED Program Drinking Water Constituents of Concern and Numeric Targets

Constituent of Concern

Numeric Target identified in WQPP (2000)
for Delta Drinking water intakes

Regulatory Changes since 2000

secondary MCL), 150 mg/L for a specified
number of days dependent on hydrologic
water year type at CCWD and Antioch intakes
(current Delta Plan)

Bromide <50 pg/L or an equivalent level of public The MCL for bromate is 10 pg/L as a
health protection in treated water locational running annual average
this value is predicated on the assumption that | Pathogen monitoring will determine near-
the MCL for bromate will be a RAA of 5 term future requirements for the
pe/L and ozone to inactivate Cryptosporidinm inactivation of Cryptosporidium
Total Organic Carbon < 3 mg/L or an equivalent level of public The MCLs for TTHM is 80 pg/L and for
health protection in treated water HAAS5 is 60 pg/L as a locational running
this value is predicated on the assumption that | annual averages
the MCL for TTHM will be a RAA of 40 Enhanced coagulation or equivalent is
ng/L and for HAAS5 will be a RAA of 30 required for TOC removal when TOC in
ng/L, when using enhanced coagulation to source water is above 2 mg/L (monthly
achieve required additional percent removal of | sample), and requirement varies as TOC
TOC, and free chlorine to inactivate Grardia varies
Pathogen monitoring will determine near-
term future requirements for the
inactivation of Cryptosporidinm
Chloride 250 mg/L maximum mean daily (cutrent No changes, although in the recent

triennial review of the Delta Plan, the State
Water Board expressed an interest in
replacing the chloride standard with a
bromide standard

Nutrients (nitrate)

10 mg/L (cutrent primary MCL), no increase
in nitrate levels (for reservoir management,
where nutrients are a governing factor in the
growth of taste-and odor-producing algae)

Algae are increasingly challenging to
control, due to recent legal decisions

Total Dissolved Solids

< 220 mg/L (10-yt avg) (from SWP Water
Service Contract, may be changed to a 6-
month or 1 year avg target)

< 440 mg/L (monthly avg, which is
considered insufficiently protective particularly
in April and September)

Pathogens

No MCL standard (US EPA requitres removal
of 99.9% Giardia and 99.99% removal of
viruses through treatment techniques); < 1
oocyst/100L for Giardia and Cryptosporidium
(based on likely future regulatory scenarios
under the Enhanced Surface Water Treatment
Rule (ESWTR), which will require removals
based on pathogen densities — goal is no net
increase in pathogens)

Pathogen monitoring will determine neat-
term future requirements for the
inactivation of Cryptosporidium and Giardia

Turbidity

0.5 or 1.0 NTU (treated water MCL); 50 NTU
(target is to reduce current variability)
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Nutrients (nitrogen and phosphorus species) are important to ecosystem function at lower
concentrations and certain species, but at higher concentrations can result in rapid algae growth or
algae blooms. Algae blooms are a concern to drinking water, because large quantities of algae can
physically disrupt pre-treatment and filtration process, and chemicals produced by algae can affect
treated water’s taste and smell. In drinking water treatment, algae blooms are ideally removed before
they enter a treatment plant. In the ecosystem, uncontrolled algae blooms can result in rapid die off
of algae (as nutrients are depleted), which can lower the dissolved oxygen needed by fish. Algae
growth is a function of nutrients, temperature, and light. Algae bloom in the San Joaquin River,
Delta channels and in the reservoirs and conveyances of the state’s water supply. Algae blooms are
most commonly removed in reservoirs and conveyances through copper sulfate applications (to kill
the algae early in the bloom) and physical removal, but dissolved copper can also be toxic to fish in
large enough quantities and dependent on the hardness of the water. Nutrients are discussed in
Chapter 5, and in more detail in the Nutrients Conceptual Model.

Alkalinity is not on the list of constituents of concern, but is an important factor in the pre-
treatment of organic carbon. Alkalinity is a measure of the capacity of water to neutralize acid,
through the presence of carbonate, bicarbonate and hydroxyl ions. In this report, alkalinity is
translated to its equivalent level of carbonate, expressed as calcium carbonate (CaCO;). Rainwater
tends to be low in alkalinity, and when rainwater washes high levels of organic carbon into
waterways this combination of low alkalinity and high organic carbon presents a real treatment
challenge. Variability in temperature, pH and/or alkalinity can create operational problems in
treatment processes. The kinetics of DBP formation are strongly affected by temperature; while
both the rate of formation and the rate of DBP breakdown can be pH sensitive. It has been
demonstrated that pH buffering reduces the formation of bromate in ozone treatment systems.

Turbidity is an optical measure of water clarity that also serves as a measure of suspended particles,
as well as an indicator of potential contamination. Turbidity is critical to water treatment plant
operations, which practice filtration to remove turbidity, and it is a regulated constituent in treated
water. Turbidity can also reduce disinfection efficiencies, as disinfectants do not selectively target
microbes but react with many constituents within the water matrix.

Disinfection byproducts are referred to in this table, but not listed directly. WQP targets were
derived from treatment goals for total trihalomethanes, haloacetic acids, and bromate. Total
trihalomethanes are the summation of the four most predominant trihalomethane species:
chloroform (CHCI,), bromodichloromethane (CHCI,Br), chlorodibromomethane (CHCIBr,), and
bromoform (CHBr;). Trihalomethanes are chlorinated hydrocarbons that form when organic matter
reacts with halogens (bromine, chlorine, iodine). They are suspected to be catcinogenic and/or to
cause adverse reproductive and developmental effects. Haloacetic acids (HAA5) are regulated as the
sum of five haloacetic acid species: monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid. Haloacetic acids are another group of compounds
that are formed when organic matter reacts with halogens and are suspected to be carcinogenic
and/or to cause adverse reproductive and developmental effects. Bromate is an inorganic
compound that is formed when bromide reacts with ozone. Bromate is a suspected carcinogen.

These are the major, known, drinking water constituents of concern in the Delta, and are anticipated
to remain so into the foreseeable future. Although current regulatory numeric standards are not as
low as anticipated in 2000, changes to the way data is collected and analyzed in the distribution
system may result in the desire for better water quality in the treatment plant. Pathogen monitoring
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will also inform foreseeable future disinfection requirements. Delta water is also frequently blended
with other water sources which contain other constituents of concern that are not addressed by the
WQP, but may be addressed through Integrated Regional Water Management programs. There are
also emerging issues in drinking water quality, such as pharmaceuticals and personal care products.
The WQP has relied upon its stakeholders to advise it on emerging constituents of concern, and will
continue to do so in the future.

3.5 Health Impacts of Disinfection and Disinfection Byproducts

Drinking water disinfection presents chronic health risks to humans through the residual
disinfectant at the tap and through the formation of DBPs. The US EPA regulates human risk of
exposure to disinfectants at the tap by establishing the levels at which they are maintained in the
distribution system; exposure risk to DBPs is regulated through MCLs. These health risks are
balanced with the need to reduce acute risks from microbes, with the abilities of available
technologies, and with the need for drinking water to be affordable and palatable.

The toxicological effects of gaseous chlorine and chloramines are non-specific, and occur at
concentrations that are above the levels that these chemicals are used for drinking water disinfection.
While more specific effects have been identified for other chemical disinfectants (hypochlorite
solutions and chlorine dioxide), those effects have not limited its long-term use in the disinfection of
municipal drinking water".

The study of the effects of DBPs on human populations has been limited to those DBP compounds
that are both monitored, and suspected to pose potential adverse health risks. Both the International
Agency for Research on Cancer’ and the US EPA® have used criteria related to broad species and
organ responses as the basis for determining whether a chemical is likely to be carcinogenic under
conditions encountered in the environment. Evidence from toxicological research performed on
experimental animals suggests some linkage between DBPs and cancer in humans. While the
research suggests that the biggest health risk of DBPs is bladder carcinogenesis, no DBP studied to
date (largely THMs, MX, and HAAs) appears capable of producing bladder cancer. However, in
1999, the California Department of Public Health conducted some research which suggested that
nitrosamines, formed through chlorination, might be potent bladder carcinogens.7

Due to the lack of quantitative data on the occurrence for most DBPs, there is significant
uncertainty over the identity and levels of DBPs that people are exposed to in their drinking water.
In addition, only a limited number of DBPs have been studied for adverse health effects. Due to the
significant costs involved in performing human health studies, it is not known whether the currently
non-regulated DBPs pose a risk to human health. More quantitative data on the occurrence and
toxicity of those DBPs is needed before it can be determined whether they pose an adverse health
risk and should be regulated in the future.

Alternative chemical disinfectants (ozone, chloramines, and chlorine dioxide) are employed to
produce lower levels of the four regulated THMs and most HAAs, but studies show they can also
produce significantly higher concentrations of some currently unregulated DBPs. Currently, studies
suggest brominated DBPs may be of higher health concern than the chlorinated species, and that
there may exist unregulated DBPs that are toxicologically more adverse than brominated DBPs. For
example, a recent study® identified new DBPs at drinking water treatment plants that had high
precursor loadings. These new DBP compounds included brominated haloacids, iodinated
haloacids, brominated haloketones, and halogenated aldehydes. A significant finding of this study
was the discovery of iodoacids for the first time. These iodoacids were found in finished drinking
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water from plants that used chloramines only and also had relatively high levels of iodo-THMs. This
study also demonstrated that for waters high in bromide (and iodide), more brominated and/or
iodinated compounds (e.g., THMs, haloacids) can form.

Disinfection byproduct formation is quite complex, influenced by the physical characteristics of
source waters, the presence and relative concentrations of precursors, treatment processes, and
disinfectant type and dose. The state of science in this area of study strongly supports the preference
for improvements to source water quality to minimize all precursors for all DBP classes.

Research on DBPs will continue to evolve into the future, including information on health impacts,
precursors, and formation potential. This information may alter the focus of the WQP, therefore it
is important for the program to continue to understand the presence of precursors, the use of Delta
water for drinking, and the types of treatment processes employed.

3.6 Drivers of Treated Water Quality

The CALFED Science Program, within the context of performance measures, defines “driver
outcomes” as measures that describe the factors that may be influencing outcome measures. There
are two types of driver indicators: (Action) Output drivers, including on-the-ground implementation
of management actions, such as acres of habitat restored, miles of levees strengthened, etc, and
Uncontrollable drivers, often natural phenomena not caused by the management actions of the
program, such as weather and hydrologic fluctuations. Outcome measures are defined as
“response,” or “results” measures that describe the ultimate outcome of the management action
upon the ‘system’ that is being managed; in this case the Bay-Delta region.

Source water quality is only one factor of treated water quality. There are other factors that
influence treated drinking water quality, and many of them are decisions and optimizations that are
appropriately made at a local level. Our federal and state governments establish regulations to
provide citizens across the country with a reliable, consistent and cost-effective level of public health
protection. Local treatment plants are required to reliably meet these regulations, and utilities
balance these requirements with the expectations of their customers on the health, aesthetics, costs,
and reliability of drinking water.

Availability, reliability, and cost of water supplies are the primary considerations in municipal water
supply. The water quality characteristics of those supplies are balanced with investments in
treatment plant processes to achieve treated drinking water quality objectives. Although treatment
plants across the state use many of the same types of processes, each treatment plant is a unique
combination of source water quality, treatment processes, customer base, and objectives. Water
suppliers must also adapt their water supply, treatment plant, and distribution system operations to
adjust as treated water regulations grow more stringent.

Within the CALFED Bay-Delta Program, the drivers of treated water quality are actually spread out
across program objectives. Water supply reliability and ecosystem objectives affect the supply and
reliability drivers of treated water quality. Levee system reliability objectives affect Delta water
quality and the reliability of that quality. The water quality objective encompasses ecosystem and
drinking water quality, but over Stage 1 the WQP has focused on drinking water quality and the
Ecosystem Restoration Program has focused on ecosystem water quality. Therefore, the WQP
focuses on a subset of factors affecting treated water quality.
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The WQP has developed a conceptual diagram of the treated drinking water quality from Delta
sources, Figure 3.5. Notice that the WQP has geographically divided the problem: the upper
conceptual model identifies the drivers and outcomes of water quality at Delta intakes; the lower
conceptual model identifies the drivers and outcomes of treated water quality. Chapter 4 describes
water quality and CALFED WQP targets at the outcome level. Chapter 5 describes the current
knowledge of the drivers and linkages of water quality at Delta intakes; Chapter 6 describes an
incomplete current knowledge of the drivers and linkages of treated water quality for those regions
and water treatment plants which primarily use water from the Delta. The conceptual models are
adapted to specific constituents and treatment regions.

1 Variable Delta Workshop proceedings,
http://science.calwater.ca.gov/workshop /workshop_variable.shtml.

2 Posted at
http:/ /www.waterboatrds.ca.gov/centralvalley/water_issues/drinking water_policy/index.html.

3 This document can be viewed online at
http://www.calwater.ca.gov/Programs/DrinkingWater/DrinkingWaterQualityProgramPlan.shtml.

4 Bull, et al, 2001.

5> TARC, 1995.

6 USEPA, 1996.

7 California Department of Health Services, 1999.

8 Krasner et al, 2006.
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Figure 3.5 Drinking Water Quality Conceptual Model Diagram
Key: Blue arrows = drivers / potential management actions

Yellow arrows = drivers/ uncontrollable factors

Green = outcomes
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Chapter 4: Status of WQP Implementation and Delta Drinking Water
Quality

The CALFED Bay-Delta Program’s Environmental Impact
Report/Environmental Impact Statement Record of Decision (ROD, August 2000) states that the
goal of the WQP is to provide “safe, reliable, and affordable drinking water in a cost-effective way,”
with a target to “achieve either: (a) average concentrations at Clifton Court Forebay and other
southern and central Delta drinking water intakes of 50 ug/L bromide and 3.0 mg/L total organic
carbon, or (b) an equivalent level of public health protection using a cost-effective combination of
alternative source waters, source control, and treatment technologies”. The ROD identifies ten
WQP commitments - a list of projects/activities necessary to make progress toward water quality
improvement during Stage 1 of the CALFED Program.

The WQP ROD targets are essentially surrogates for the recognition and continual linkage of source
water quality with treated water quality, especially as treated water quality regulations grow
increasingly stringent over time. This “equivalent level of public health protection” (ELPH)
approach is the backbone of the WQP, and the program is based on the concept of a “cost-effective
combination of alternative source waters, source control, and treatment technologies.” When the
ROD targets were initially developed, more stringent regulations were anticipated, and source water
quality targets were developed accordingly. The regulations anticipated in 2000 have not developed
as estimated, although disinfection and DBP regulations have become stricter in the way they are
monitored and measured for compliance.

As discussed in Chapter 2, the ROD soutce water quality targets (3 mg/L total organic carbon and
50 pg/L bromide) were based on assumed treated water quality regulations of 40 pg/L total
trihalomethanes, 30 pug/L haloacetic acids (5 species), and 5 pg/L bromate. Although a complete
quantitative definition of ELLPH has proven elusive, these treated water quality targets that were the
basis of the source water targets are useful indicators of ELPH for this assessment. Treated water
quality is relatively easy to measure (technically speaking) and lies intermediate in the pathway
between source water quality (easy to measure) and drinking water public health outcomes
(extremely difficult to measure). The 40 ug/L total trihalomethanes (TTHM), 30 pg/L five
haloacetic acids (HAA5), and 5 pg/L bromate treated water quality targets ate referred to in this
report as the “CALFED targets”, although they are actually the basis of CALFED ROD targets.

The first part of this chapter summarizes the implementation of the WQP during Stage 1 of the
CALFED Program, the second part summarizes current information on Delta water quality and the
third part addresses treated water quality.

4.1 Water Quality Program Implementation

The WQP produced an Initial Assessment of Progress (2005) which evaluated the progress and
contributions of projects funded in the first four and a half years of implementation. In the two
years since the Initial Assessment of Progress, the WQP has added 11 projects with a total amount
awarded of $7.7 million. These projects directly address ROD actions, primarily in the areas of
agricultural source improvement, monitoring and assessment, and treatment technology research.
An additional 9 awards for treatment system infrastructure improvement projects with a total award
amount of $93.7 million have been made by CDPH. These water treatment infrastructure grants
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help the program to achieve its general ELPH goal but are beyond the scope of the program actions
identified in the ROD and so are being tracked separately. Four of the projects listed in the initial
assessment have been dropped from the list of projects because they could not be completed as

proposed.

Funding sources for the 79 projects and total of $176.8 awarded are as follows:
e  $1.9 million, Federal
e $0.3 million, Proposition 204, Safe, Clean, Reliable Water Supply Act
o $7.2 million, Senate Bill 23, State General Fund
e $49.9 million Proposition 13, Costa-Machado Water Act of 2000
e $117 million Proposition 50, Water Security, Clean Drinking Water, Coastal and Beach
Protection Act of 2002

e §$0.5 million, Proposition 40, California Clean Water, Clean Air, Safe Neighborhood Parks,
and Coastal Protection Act of 2002

While many of the projects identified in the Initial Assessment of Progress have since been
completed, there are also many that have not. As of October 2007, approximately 37 projects were
completed compared to the 26 projects reported as completed in the initial assessment. The great
majority of the 63 WQP projects awarded before the 2005 initial assessment are scheduled for
completion by the end of 2008. Completion dates for projects awarded since the 2005 initial
assessment vary considerably. A few have already been completed and some have yet to begin.
Figure 4.1 shows the numbers of projects, completed, greater than 50% complete, and less than 50%
complete. Figures 4.2 — 4.4 show the types of projects funded, the constituents addressed, and
funding per region.

Figure 4.1 Completion Status of Stage 1 WQP Funded Projects
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Figure 4.2 Types of WQP Projects funded in Stage 1
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Figure 4.3 Constituents Addressed by WQP (includes double counting of projects addressing multiple
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Figure 4.4 Funding by Region in Stage 1
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As shown in Figure 4.2, the majority of projects and spending was in the Source Improvement area.
This includes the ROD commitments for a Central Valley drinking water policy, monitoring and
assessment, and implementation of necessary source improvement programs. The funded projects
dealt primarily with non-point sources including irrigated agriculture, dairies, grazing, and urban
stormwater. Appendix A is a list of CALFED water quality program projects with a brief description
of the project, status, and project highlights. The following are a few key findings.

Farmers are making progress in addressing water quality. Water quality improvements are driven
both by regulation, such as total maximum daily load programs (TMDLs), the State’s dairy waste
regulations, and the irrigated lands program, and incentive programs such as the State Water Board’s
Agricultural Grants Program and Natural Resources Conservation Service’s Environmental Quality
Incentives Program (EQIP). Agricultural source improvement projects educated farmers about
effective management practices, helped implement water quality monitoring programs, and helped
with installation of runoff and drainage control systems. Monitoring in the San Luis Drain and other
waterways receiving agricultural drainage or runoff shows that these projects are reducing loads of
drinking water pollutants. However, it has also been shown that agricultural runoff control
measures can be costly. Some, like cover cropping may cost much as $120 per acre per year. Others
such as application of polyacrylamide (PAM) also provide crop production benefits and may cost as
little as $5 per acre per year. Agricultural BMPs are most likely to be implemented if they are cost
effective, integrated into farming operations, and achieve multiple objectives.

Another significant finding of some of the watershed research projects is that agricultural sources
are important but so are “natural” sources. The Willow Slough Project, Hydrologic Flow Paths, and
other projects indicate that upper watershed areas, primarily foothill grazing land, and areas with
natural vegetation can be significant sources of organic carbon, nutrients, and suspended solids
particularly during winter storms.
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Urban runoff was only addressed in a few WQP funded studies. Combined with the results of other
urban source investigations a few things are clear. At times and under certain runoff conditions,
urban watersheds can contribute a significant fraction of the pollutant loading to some Delta
tributaries. This urban runoff is a particularly potent source of pathogen indicator organisms and
suspended solids. DOC and nutrients may also be found at somewhat elevated concentrations.
Significant impacts from urban runoff occur almost entirely during the October through April rainy
season.

Monitoring and flow measurement capabilities were also a priority in Stage 1. By the end of 2000,
continuous flow and constituent monitoring systems were in place at key Delta locations including
Hood and Vernalis, and the Banks and Jones pumping plants. Related agency projects have installed
a network of monitoring stations throughout the Delta that continuously record data on flow, EC,
and other constituents. This monitoring data along with computer models have given us a much
better understanding of the transport and fate of pollutants in the Delta.

A related finding of several of the monitoring and research projects is the importance of flow
everywhere in the system, projects that reduce the flow of water from agricultural fields and urban
sources are often the most effective at reducing pollutant loads. Examples include the Delta rice
study, San Joaquin Valley agricultural drainage projects, and the urban BMPs project. CCWD’s Rock
Slough and Old River projects changed flow patterns diverting drainage away from urban intakes.
Projects that add high quality flow (recirculation) or direct high quality flow to the point of diversion
(CALFED conveyance studies) can significantly improve water quality. Significant amounts of salt
(including bromide, boron, selenium, and nitrate) can be effectively diverted from the system in the
San Joaquin Valley (San Joaquin River Improvement Project and other drainage treatment projects)
but this doesn’t solve the entire salt problem (San Joaquin Valley groundwater, wetlands, and
accretion studies and lower San Joaquin River salinity and boron TMDL).

Many of the issues with project funding in the initial assessment have continued. The program has
had very little discretionary funding. Projects selected under the rules of grant programs
administered by the implementing agencies that also happen to achieve program objectives have
been counted and are being tracked but this leaves some important gaps.

Through these projects and the efforts of the agencies, progress towards the ROD objectives since
the initial assessment has reached the point where most of the program focus should now be on
source control (including the Central Valley Drinking Water Policy), monitoring and assessment
(including performance measures), and coordination with the conveyance element of the CALFED
program. Chapter 7 includes further discussion and conclusions regarding program implementation
and makes recommendations for future implementation of the Water Quality Program. The WQP
produced an Initial Assessment of Progress (2005) which discusses both the need to develop
performance measures and an overview of Delta drinking water quality. While the ROD states
specific goals for two constituents (bromide and total organic carbon, and by extension related
disinfection byproducts), the Water Quality Program Plan (an appendix to the EIR/EIS) lists several
additional constituents and specific goals. The prioritization of drinking water constituents of
concern was confirmed through the Central Valley Drinking Water Policy project, and is based on
occurrence data, health risk data, and regulatory status. This chapter focuses on the two constituents
of concern that have specific numeric targets in the ROD: bromide and total organic carbon. These
two constituents have been the primary focus of WQP Stage 1 implementation. Other constituents
of concern are discussed in Chapters 5 and 6.
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Bromide, a salt found in sea water, varies on daily and monthly basis to some degree based on the
tidal influences at an intake location, and is influenced by water project operations and
infrastructure. Bromide is regulated at treatment plants when it is transformed into disinfection
byproducts—brominated trihalomethanes, haloacetic acids, and/or bromate, all chronic health risks
and therefore regulated as averages over three months. Many treatment plants also operate on the
basis of salinity (discussed in Chapter 3).

Total Organic Carbon, organic matter originating in the watersheds and affected by natural and
anthropogenic activities, can peak significantly for short periods of time under certain precipitation
conditions. Total organic carbon is regulated at treatment plants in two ways — TOC must be
reduced prior to filtration to improve disinfection efficiencies, and TOC reacts with disinfectants to
form chronic health risk-causing DBPs which are regulated with MCLs. Treatment plants therefore
monitors for TOC removal while also seeking to reduce the longer term averages of disinfection by-
product precursors. Monthly TOC and alkalinity are monitored along with running averages of
bromide and TOC.

As a first step in developing WQP performance measures, the specific goals were translated into
quantities and evaluated. The most straightforward evaluation would be of the Delta drinking water
intakes for running annual averages' of bromide and total organic carbon (TOC), and comparison
against the ROD targets, and of water treatment plants’ finished water for running annual averages
of total trihalomethanes, five haloacetic acids, and bromate. Source water quality data is much more
publicly available than treated water quality data. Also, treated water quality is influenced by many
factors other than CALFED WQP efforts (see Chapter 3). Even so, evaluation of these targets may
give an indication of CALFED WQP progress, but would not provide information on the sources
of progress or lack thereof. Much of the Final Assessment project was based on how to evaluate,
understand, and express these targets with the available information.

4.2 Water Quality at Delta Drinking Water Intakes

Bromide and TOC data are collected faitly regularly at the Harvey O. Banks Pumping Plant (Banks),
the C.W “Bill” Jones Pumping Plant (Tracy), and the Barker Slough Pumping Plant (NBA), and are
adequate to initially assess running annual averages. Bromide and TOC are collected less regularly at
Contra Costa Water District and City of Antioch intakes, and data for the City of Antioch was only
requested for 2004-2006 (as part of the Drinking Water Quality Study, Appendix E). Monthly grab
samples are not adequate for understanding peaking events (primarily relevant for TOC), and WQP-
funded high-frequency stations at Sacramento River at Hood, San Joaquin River at Vernalis, and
Banks should fill this gap once an adequate period of record has been established.

Figures 4.5 and 4.6 show box and whisker plots of the available TOC and bromide data for five of
the Delta drinking water intakes; Figures 4.7 and 4.8 show time series data and running annual
averages for TOC and bromide at the Banks Pumping Plant based on available data for the periods
shown. The respective source water targets are also indicated. Figure 4.9 shows Banks bromide data
for the 1990-2006 period calculated from the more complete EC data set and the observed EC-Br
relationship. Table 4.1 and 4.2 displays the range of running annual averages calculated from the
available data illustrating the different water quality experienced at these locations. Because of the
strong influence of hydrology on Delta water quality, these running annual averages, representing
different time periods in some cases, should not be considered quantitative comparisons of the
geographic differences in TOC and bromide. However, as the program approaches the End of Stage
1, it is clear that the program source water targets goals are not being met consistently at any of the
drinking water intakes. This is especially true for bromide where the target is only approached in the
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Figure 4.5 Box plots of available TOC data at five Delta drinking water intakes
Period of Record: 1990 — 2006 Source: MWQI, CCWD
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Figure 4.6 Box plots of available bromide data at five Delta drinking water intakes
Period of Record: 1990 — 2006 Source: MWQI, CCWD
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Figure 4.7 Time series of measured TOC at Banks Pumping Plant with RAA (solid red line) and

CALFED source water target (dashed green line)
Period of Record: 1998 — 2006 Source: MWQI
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Figure 4.8 Time series of measured bromide at Banks Pumping Plant with RAA (solid red line) and

CALFED source water target (dashed green line)
Period of Record: 1990 — 2006 Source: MW QI
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Figure 4.9 Time series of bromide calculated from measured EC at Banks Pumping Plant with RAA
(solid red line) and CALFED source water target (dashed green line)
Period of Record: 1990 — 2006 Source: DWR
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Table 4.1 Drinking water intake range of total organic carbon (TOC) running annual average (RAA)

values
Intake Period Number of | TOC RAA range
samples (n) | (mg/L)
H.O. Banks 1986-2006 170 3.0-45
C.W. Jones (Tracy) 1986-1989 29 2.7-3.6
CCWD Old River 1994-2006 176 3.0-5.0
CCC (Rock Slough) 1991-2006 169 3.0-9.0
NBA (Barker Slough) 1988-20006 182 0.0-94

Table 4.2 Drinking water intake range of bromide

(Br) running annual average (RAA) values

Intake Period Number of | Br RAA range
samples (n) | (ug/L)

H.O. Banks 1990-2006 210 89 — 424

C.W. Jones (Tracy) 1990-2006 135 99 — 404

CCWD Old River 2005-2006 188 133 -190

CCC (Rock Slough) 2005-2006 188 180 — 233

NBA (Barker Slough) 1990-1996 99 42 -75

wettest of years in the south Delta. Therefore, evaluations of “equivalent level of public health
protection” are required to fully evaluate status of program goals. It also indicates the weakness of
this type of analysis, in that it doesn’t conclusively show trends or identify the specific causes of
these water quality conditions.
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Because CALFED water quality targets are specified as specific numerical source averages, another
way of assessing partial progress is to determine whether bromide and total organic carbon
concentrations have increased or decreased at Delta intakes. Therefore, a statistical trend analysis
was produced to determine whether water quality is improving or declining and to what degree
(Appendix B). Because only monthly or weekly samples are available at many locations over the
entire period of record, this trend analysis was done based on monthly averages (to smooth out
biases caused by a higher number of samples in one period of time versus another). This same data
was then analyzed for trends within specific months over 1990-20006, to determine whether water
quality has changed over specific months, but results revealed either no trends, or trends driven by
hydrology.

Overall trends in water quality from 1990-20006, in combination with the trends in flows from 1990-
2000, suggest that water quality is strongly dependent on flow conditions, and both flow conditions
and water quality have improved over this period of time, probably because of the extreme drought
conditions in the early 1990s and the wet conditions in 2005 and 2006, Figures 4. 10 — 4.12. Given
the relatively small number of implementation projects funded by the WQP in Stage 1 and the
absence of any relevant large scale regulatory or agency program, a resultant trend is not expected in
either constituent at any location. A multivariate correlation was attempted to determine whether
sources of water are correlated to certain hydrologic factors (precipitation, flow), but the Delta is a
very complicated and highly managed system, which greatly complicates such an analysis. The 2006
Update of the SWP Sanitary Survey also found no significant trends in organic carbon trends over
the period of 1998-2006. The USGS is also working on a trends analysis of organic carbon in the
Delta, but their work was not available in time for this report.

Figure 4.10 Trends Analysis of DOC at Banks for the period 1990-2006
Period of Record: 1989 — 2006 Source: MWQI
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Figure 4.11 Trends Analysis of Bromide at Banks for the period 1990-2006

Period of Record: 1990 — 2006 Source: MW QI
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Figure 4.12 Trends Analysis of Sacramento River Flow for the period 1990-2006
Period of Record: 1990 — 2006 Source: DWR
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4.3 Treated Water Quality

The second part of the specific CALFED water quality targets is to achieve “an equivalent level of
public health protection.” As previously discussed, the language is meant to link source water quality
with treated water quality. For the purposes of this assessment, for the program’s first real
examination of its role in treated water quality, the WQP is using the 40 ng/L total trihalomethanes,
30 pg/L haloacetic acids (5 species), and 5 pg/L bromate ELPH (treated water) targets. These are
not new regulatory standards but were meant to serve as proactive planning tools to help ensure the
Delta remains a treatable source of drinking water. Therefore, the direct examination of treated
water quality may not fully represent whether CALFED targets have been or can be met — but it is a
place to start. Over Stage 2, the WQP will need to continue developing information on water quality
from intake through treatment, in order to identify the most appropriate targets and performance
measures.

As a beginning, the CALFED WQP and the California Department of Public Health examined the
centralized DHS database which collects data on treatment plants, their source water quality and
treated water quality. This is not a compliance database — all treatment plants examined meet existing
treated water regulations — rather, it is a database that collects sample data, and the historical data is
dependent on when data began to be submitted electronically (now all utilities submit data
electronically). Appendix D describes the treatment plant identification, data collection, and data
analysis process and results. Chapter 6 includes the regional characteristics of treatment culled from
this effort, plus the results of a more focused look at ten representative treatment plants.

The examination of DHS data focused on 54 treatment plants selected to represent treatment in the
CALFED solution area. These plants were identified by CALFED WQP staff, the Central Valley
Drinking Water Policy Work Group, and CDPH staff, using their knowledge of the State Water
Project, Bay Area plants, and plants on the Sacramento and San Joaquin Rivers. These plants do not
represent numerous small and private systems, but do represent a large proportion of the population
served within the CALFED solution area. Table 4.3 presents some basic information on the
characteristics of the 54 plants:

Table 4.3 Disinfection and Filtration Processes at 54 Treatment Plants in CALFED solution area

No. of Current Primary Current Filtration Process
Plants Disinfectant
Region Chlorine Ozone Direct Conventional | Membrane
Watershed 17 15 2 3 13 1
NBA 6 4 2 0 6 0
Delta 4 2 2 1 3 0
SBA 5 3 2 0 3 2
California
Aqueduct 22 17 5 0 22 0

The following figures 4.13-4.18 show the treated water quality data available from 1985-2006 (under
changing regulatory levels of disinfection byproducts) for the 54 treatment plants. In most cases,
data was not available for all plants. Available data (Figures 4.13 and 4.14) is indicated by region and
number of plants and data points, for example in Figure 4.13, the Watershed (13, 96) represents 96
data points from 13 plants. Appendix D contains a table showing which plants are included in these
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figures. Available data show that TTHMs are being increasingly managed at all treatment plants in
order to comply with the recent lowering of regulatory levels, and that in this sample, Watershed,
NBA, and Delta plants have been meeting the TTHM ELPH targets from 2004 to 2006 (assuming
that these individual samples would be averaged, and existing regulatory levels of 80 ug/L total
trihalomethanes, 60 pug/L haloacetic acids — 5 species, and 10 pg/L bromate).

However, the 2004-2006 data also represents a smaller sample for the Watershed, SBA, and
California Aqueduct regions. Available HAA5 data, shown in Figures 4.15 and 4.16, suggest that this
particular form of disinfection byproducts are not being produced at levels higher than the ELPH
targets and may not need to be tracked or targeted by the WQP. Available bromate data (drawing
from the subset of treatment plants that use ozone and therefore collect bromate samples®), shown
in Figures 4.17 and 4.18, suggests that while the source water target as a running average may be met
(all medians are at or below 5 pg/L), there may also be episodes ot events where bromate is a
challenge.

Disinfection byproduct data was also culled from 43 available 2005 or 2006 Consumer Confidence
Reports for the 54 treatment plants. Table 4.4 presents the results, tabulated as averages and ranges
of the reported means, and the highest and lowest values in the region’s ranges of reported values.
There were very few reported bromate measures or averages. This data again suggests that ELPH
targets for HAASs are easily met throughout the solution area, whereas TTHMs, while well below
regulatory levels, is still above or close to ELPH targets.

Table 4.4 Disinfection Byproduct Levels from 2005 and 2006 Consumer Confidence Reports

TTHMs HAAS5s

Mean Mean Max | Min | Mean Mean Max | Min
Region (count) | Range (count) | Range
Watershed (14) 33(9) | 7-56 110 |ND |22() |2-41 52 ND
NBA (4) 57(4) |34-83 156 20 16 (4) 10 - 24 37 ND
Delta (3) 39 (3) | 28-46 59 14 113) |5-19 20 ND
SBA (5) 39 (5 |31-45 70 ND |17 (5) 10 - 21 38 ND
Ca Aqueduct (17) | 46 (13) | 24 - 60 162 |ND |17 (13) | 5-32 40 ND

There is a great deal more data that needs to be collected and analyzed to determine whether the
ELPH targets are being achieved. More importantly, the WQP should continue to develop
information on the water quality from intake to treatment plant to better define, track, and assess its
“equivalent level of public health protection” targets. A more detailed study of ten representative
treatment plants was conducted in 2007 (by Brown & Caldwell, URS, through funding from the U.S.
Bureau of Reclamation) in order to explore this subject. Its results, and some suggestions for a
framework and performance measures to accomplish this in Stage 2 are discussed in Chapter 6.
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Figure 4.13 Individual TTHM Samples in CDPH Database by Region
Period of Record: 1985 — 2006 Source: CDPH
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Figure 4.15 Individual HAA5 Samples in CDPH Database by Region
Period of Record: 1985 — 2006 Source: CDPH
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Figure 4.16 Individual HAA5 Samples in CDPH Database by Region, 2004-2006
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Figure 4.17 Individual Bromate Samples in CDPH Database by Region

Period of Record: 1985 — 2006 Source: CDPH
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Figure 4.18 Individual Bromate Samples in CDPH Database by Region, 2004-2006
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4.4 Performance Measures

The CALFED Water Quality Program has been developing a performance measures framework
over the past three years, in parallel with the CALFED Science Program’s effort to develop a
performance measures framework for the entire CALFED Bay-Delta Program. Rather than
developing a hypothetical framework, the WQP has used data gathering and assessment to inform
the framework. Since late 2006, CALFED implementing agencies have been developing a “Phase 1
Report on Performance Measures” — essentially a workplan which identified program objectives,
performance measure status, and resource needs. As part of this development, the WQP has
identified an initial outline for the structure of its Phase II report on performance measures, which is
meant to identify an initial set of performance measures for implementation.

Objective 1: Provide safe and reliable drinking water by reducing disinfection byproduct formation.

Performance Measure 1:  Reduce production of disinfection byproducts in treatment plants
using Delta water as a source.

Target la: Running annual average of 50 ug/L bromide and

Target 1b: Running annual average of 3.0 mg/L total organic carbon at Delta
intakes or

Target 1c: “An equivalent level of public health protection” at water treatment

plants using Delta water (currently evaluated as the treated water
quality goals that form the basis of Targets 1a and 1b or an equivalent
source water measurement at the intake to the plant).

Objective 2: Provide aesthetically acceptable drinking water by reducing taste and odor events.

Performance Measure 2:  Reduce presence of algae in treatment plant intakes and thus the
number of taste and odor complaints.

Target 2a: Reduce frequency of presence of algae blooms in drinking water
conveyances or

Target 2b: Reduce the number of taste and odor events at water treatment
plants using Delta water

Objective 3: Provide reliable drinking water quality through cost-effective actions
Performance Measure 3: Implement actions that have been determined to be cost-effective.

Target 3: Still under development

Performance can be assessed at three major levels. The first or lowest level is the most basic
administrative information such as dollars spent and numbers and types of projects implemented,
such as the information provided in Section 4.1. The second or middle level is at the project level —
specific accomplishments measured against expectations for implemented projects. The third or
highest level is the environment of the objective — for drinking water this has been defined initially
as Delta water quality at intakes or an equivalent level of public health protection at water treatment
plants using Delta water. For each of the performance measures list above, there is a series of
performance metrics used to assess progress towards that measure. Potential performance metrics
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are suggested throughout Chapters 5 and 6 and they are compiled with the objectives and
performance measures as an initial Phase II report in Appendix C.

4.5 Conclusions

During Stage 1, the WQP funded $83.1 million’ to 70 projects throughout the CALFED solution
area. 37 of these projects have been completed, and the majority of the remainder will be completed
by the end of 2008. The majority of these projects are focused on source improvement, the next
greatest number are research and assessment projects, addressing the full suite of drinking water
constituents of concern. Funded projects dealt primarily with non-point sources including irrigated
agriculture, dairies, grazing, and urban stormwater. WQP projects have achieved measurable water
quality improvements in some Delta locations, helped improve tap water quality with advanced
treatment technologies, and have advanced our understanding of the potential for water quality
improvement in the system.

Many of the same implementation issues identified in Initial Assessment of Progress continue to
hinder implementation. Funding continues to be limited to grants programs with spending
constraints that restrict the programs ability to implement its highest priorities. Because of these
funding constraints, the great majority of new projects have addressed agricultural source
improvement while performance measurement has been underfunded. Another issue is the large
percentage of selected projects that are still in progress. Several projects scheduled for completion in
the next 1-2 years will provide information critical to the future direction of the program.

It is clear that the specific CALFED source water quality targets have not been achieved during
Stage 1; there are also still data and interpretation constraints on evaluating whether “an equivalent
level of public health protection” is being achieved. The WQP has not yet fully developed either a
definition or information to satisfactorily link its source water quality and treated water quality
targets and therefore accurately assess its progress. The use of targetss for treated water quality and
source water quality may also need to be expanded to more fully represent the challenges of treating
Delta waters for drinking purposes. These issues are more fully explored in Chapters 5 and 6, which
also recommend additional targets and expressions of targets for exploration in Stage 2.

The use of these particular performance measure tools (running annual averages of key constituents
at intakes and representative treatment plants) do not indicate what the sources of constituents are,
ot shed light on strategies for making progress toward WQP targets. Chapters 5 and 6 describe what
is known about the rest of the system and identify potential action priorities and performance
metrics to better strategically implement and make progress in the future. Appendix C compiles
information in this report into a performance measures and Stage 2 action plan.

1 Averaging scheme based on the Bay-Delta Water Quality Evaluation 1998.

2 The watershed plant did not have an ozonation system in place, and therefore should have no bromate
readings.
3 Does not include local cost shares.
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Chapter 5: Sources of Drinking Water Quality Constituents of
Concern

As evaluated in the previous chapter, the CALFED source water

quality targets of 50 ng/L bromide and 3 mg/L are not being met at Delta drinking water
intakes: organic carbon slightly exceeds targets while bromide is exceeded several times over.
This chapter describes what is known about the sources, transport, and timing of these
constituents, as well as pathogens, and nutrients. Turbidity and alkalinity are also water
quality constituents that are important to treatment plant operations.

Drinking source water quality is basically divided into two problems: the influence of the
estuary on Delta intakes and the influence of the Delta watershed. The influence of the
estuary is seen at the intakes as the presence of ocean water and related ocean salts like
bromide, and is currently controlled through the management for water supply. The
influence of the watershed, on the other hand, is seen at the intakes as the presence of land-
associated and anthropogenic influences like increased organic matter, pathogens, and
synthetic chemicals. Therefore this chapter is organized by these two guiding influences on
water quality.

Salinity is the most understood aspect of water quality in the Delta; it is well monitored,
modeled, and managed. Bromide, because its major source is ocean water, can be analyzed
based on our knowledge of salinity. Our knowledge of the other constituents of concern to
drinking water lags far behind salinity, almost in proportion to their complexity. Organic
carbon is the next most monitored constituent, but due to the variety of measurement
techniques and its complex and varied composition. The nutrient — algae cycle is even less
monitored, more complex, and dynamic. Pathogens, generally of low presence at Delta
intakes, are challenging and expensive to monitor and of most concern when close to
treatment plant intakes.

The Central Valley Drinking Water Policy project, a ROD milestone and partially funded by
the WQP and its implementing agencies, has developed four conceptual models for drinking
water constituents of concern: organic carbon, nutrients, pathogens, and salinity/bromide.
This chapter draws heavily on these conceptual models, which present the available data and
literature, conceptualize the sources, fate, and transport from Delta tributaries to Delta
intakes. This chapter, however, analyzes this information in relation to WQP goals; whereas
the Central Valley Drinking Water Policy has analyzed this information to assist in
developing a regulatory program. Additional work has been done on organic carbon,
analyzing additional data with statistical methods; new work has been done to further
analyze modeled constituents and trends in key Delta locations. Additional sources of
information come from WQP-funded projects, US Geological Survey studies, Regional
Water Quality Control Board Total Maximum Daily Load programs, and California
Department of Water Resources Municipal Water Quality Investigations and Operations
groups. Readers interested in the technical aspects of this information should refer to these
reports.
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5.1 The Influence of the Estuary on Drinking Water Quality

Bromide is primatily an ocean salt. It’s concentration in seawater is around 65 mg/L (65,000
ug/L). Its distribution in the Bay-Delta system can be explained almost entirely by tracing
the movement and mixing of seawater. Bromide is a specific target of the WQP (50 ug/L)
because it reacts with organic carbon and chlorine to form trihalomethanes and haloacetic
acids and alone with ozone to form bromate, all harmful disinfection byproducts. There is a
substantial amount of bromide data available for most of the Delta intakes and at the key
river inputs. There is an even greater amount of electrical conductivity (EC), TDS, and
chloride data. Each of these can be used as a surrogate for bromide once the relationship
with bromide concentration is established. There is very close correlation between bromide
and chloride concentrations, evidence that seawater is the source, Figure 5.1.

Figure 5.1: Correlation of Bromide with Chloride at Banks Pumping Plant
Period of Record: 1990 — 2006 Source: DWR Water Data Library
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As discussed in Chapter 3, the Sacramento-San Joaquin River Delta is part of the larger San
Francisco Bay —Delta estuary. Mixing of seawater and freshwater is a natural and defining
characteristic of estuaries. The distribution of seawater, including bromide, in the estuary is
driven by Delta outflow, water project operations, channel geometry, and tidally driven water
movement. The bromide present in San Joaquin River inflow to the Delta can be traced back
to CVP supply water from the Delta and again ultimately to seawater.

5.1.1 Bromide at Delta Intakes

Where bromide is found at concentrations of concern for drinking water supply, the ocean is
the source. This is particularly the case in the Delta. High quality freshwater sources in the
Delta watershed have very low bromide concentrations; the average bromide concentration
in the Sacramento River at Hood is about 14 ng/L and is often less than the 10 ug/L
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detection limit (time series of San Joaquin and Sacramento River bromide concentrations are
presented later in the chapter, as Figures 5.16 and 5.17). Where freshwater has been
contaminated with even small amounts of seawater, concentrations are much higher. The
North Bay Aqueduct’s Barker Slough Pumping Plant, an intake on the sloughs to the west of
the Sacrament River at Hood, sees higher average bromide concentrations of 50 pg/L. The
average bromide concentrations at the Harvey O. Banks (Banks) Pumping Plant and the Bill
Jones (Tracy) Pumping Plant are about 230 pg/L and 260 ug/L, respectively. Contra Costa
Water District’s Rock Slough intake’s average bromide concentrations are probably higher,
based on EC data. A time series of bromide at Banks is presented in Figure 4.4. A
conceptual model of bromide at Delta intakes is presented in Figure 5.2.

To illustrate seawater intrusion and how it affects the Delta intakes, the sources of electrical
conductivity can be examined through modeled data. The California Department of Water
Resources operates a peer-reviewed water quality numerical model, Delta Simulation Model
2 (DSM2), which was specifically developed to model salinity in the Delta. One exercise this
model is used for is that of “fingerprinting” or tracking the sources of water and constituents
to Delta intakes'. Results are dependent on modeling accuracyz, which is not perfect, but is
the best tool currently available that can analyze long periods of record in a relatively short
time. Fingerprinting runs were created for electrical conductivity for historical conditions
with current levels of diversions and regulations, Figure 5.3 is an example. The system is
modeled for daily time steps over 16 years, from 1990 to 2000, is based on available data at
the model boundaries (e.g. Vernalis and Hood) and is verified with available data at locations
like the Delta intakes. This modeled data was reorganized to examine the pattern of salinity
and its sources at the Delta intakes, since the WQP targets reductions in bromide. A
frequency plot of electrical conductivity at three Delta intakes, Figure 5.4, shows a wider
range of concentrations at the Rock Slough intake versus a smaller range of concentrations
at both Tracy and Banks. North Bay Aqueduct’s intake was not examined with this method,
since bromide levels are generally low and driven by the local watershed”’.

Using this 16 years of daily modeled “fingerprint” results, the influences of the various
sources’ of influent to the intakes (Sacramento River, San Joaquin River, eastside tributaries,
in-Delta lands, and the ocean) were explored for a range of salinity values: salinity below 400
uSm/cm, salinity above 400 uSm/cm, 600 uSm/cm, and 800 uSm/cm. At the Rock Slough
intake, Sacramento River provides significant dilution at low salinities and the ocean plays
the dominant role in higher salinities, suggesting higher bromide concentrations at these high
salinities, Figures 5.5-5.6. At the Clifton Court Forebay intake, Sacramento River provides
less dilution, the influent is more likely to be both San Joaquin River and Sacramento River
at low salinities, seen in Figure 5.7, which explains the higher salinity seen in Figure 5.4.

At higher salinities, again the ocean water dominates, Figure 5.8, but not to the degree seen
at Rock Slough. The Tracy intake, on the other hand, is always dominated by the San
Joaquin River, Figures 5.9-5.10, accounting for a higher average salinity and lower salinity
variability than the other intakes. This is further evidence that bromide at Delta intakes is the
result of seawater intrusion to the intakes — either directly or through the recycling in the San
Joaquin system, and therefore controlling this intrusion is key to reducing bromide.
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Figure 5.2 Simplified Conceptual Model of Bromide/Salinity at Delta Intakes
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Figure 5.3 Clifton Court Forebay Salinity (EC) Modeled Fingerprint
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.4 Frequency of Modeled (DSM2) EC at three Delta Intakes
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.5 Modeled Sources of Salinity (EC) at Rock Slough when EC < 400 pSm/cm

Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.6 Modeled Soutces of Salinity (EC) at Rock Slough when EC > 600 pSm/cm

Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.7 Modeled Sources of Salinity (EC) at CCFB when EC < 400 pSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.8 Modeled Soutces of Salinity (EC) at CCFB when EC > 600 uSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.9 Modeled Sources of Salinity (EC) at Tracy when EC < 400 pSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.10 Modeled Soutrces of Salinity (EC) at Tracy when EC > 600 uSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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The “fingerprint” data can also be used to explore the timing of salinity, both by month and by
water year type. Figures 5.11 — 5.12 show the salinity data at Clifton Court Forebay, organized by
month and water year type (here an average of the Sacramento and San Joaquin River Water Year
Indices), where for months, 1 is January and 12 is December, and for water year types, 1 is a
critically dry water year and 5 is a wet water year. These figures show higher salinities occurring in
the fall (mostly September and later) and in the drier years; although salinities above 600 occur
during all water year types. Rock Slough shows a similar pattern. Tracy, on the other hand, sees
higher salinity year round, with higher salinity periods tending toward the eatly spring and late
summer, correlating more with the timing of San Joaquin River salinity, Figures 5.13-5.14.

This data reinforces that the location of an intake influences the sources of salinity and bromide, as
well as the timing and conditions under which higher concentrations occur. Intakes closer to the
ocean are dominated by salinity and bromide from the ocean, inversely proportional to the amount
of fresh water made available to repulse this intrusion. Intakes further from the ocean, like Tracy
and the North Bay Aqueduct, are influenced more by local sources. In the case of the Tracy
pumping plant, the recycling of ocean water through the San Joaquin River, partially due to the
blending of Banks and Tracy intake water quality in the San Luis Complex, results in higher year
round salinities than salinity due to agricultural discharges alone. Chapter 3 and the CVDWP’s
Salinity Conceptual Model provide detail on the drivers of salinity and ocean intrusion.

Another factor that influences bromide at treatment plants is the operation of the intakes. Water is
pumped according to demand and to fill offstream reservoirs or groundwater banks, and in
accordance with regulatory restrictions, limited by pump size and water rights. Systems are generally
designed to meet the highest level of demand at full development through some future date, and this
demand typically occurs during summer months when temperatures are highest. During periods of
lower demand, the extra capacity is used to fill storage which helps meet peak summer demands and
demands when Delta water is in short supply or of poor quality. This is discussed further in Chapter
0, and analyzed in detail in the 2006 Update of the SWP Sanitary Survey.

There are a number of ways to approach achieving an improvement in water quality, such as a focus
on reducing the magnitude and/or frequency of peaks or the overall running annual average. Any
bromide strategy would address salinity as well, either directly or indirectly, and vice versa. For
example, the Contra Costa Water District has constructed infrastructure to store lower salinity water
which is used to attenuate higher salinity water; in this example reductions in peaks as well as
averages have the potential to reduce the overall salinity at their treatment plants.

The ROD presented a list of initial actions to reduce salinity/bromide over Stage 1, without
determining to what degree such actions would address the WQP targets. Because of the source of
bromide, the target of 50 ug/L bromide at Delta intakes would come at a very high cost to water
supplies, through the provision of stored water supplies and reduced diversions to focus on
repulsing ocean water, and potentially to the ecosystem, where a constant supply of very fresh water
may be undesirable. This is one reason why WQP targets include the opportunities to improve water
quality downstream of the Delta intakes and at the many treatment plants using Delta water. Now
that the sources, timing, and magnitude

" CALFED CALFED Water Quality Program
—at BAY-DELTA 5-9
P

1 Final A
B, PROGRAM Stage 1 Final Assessment



Figure 5.11 Modeled Salinity (EC) Ranges at CCFB by Month, EC in pSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.12 Modeled Salinity (EC) at CCFB by Water Year Type, EC in puSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.13 Modeled Salinity (EC) at Tracy by Month, EC in pSm/cm
Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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Figure 5.14 Modeled Salinity (EC) at Tracy by Water Year Type, EC in puSm/cm

Period of Modeling: October 1990 — December 2006 Source: DSM2 Fingerprint Output
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of bromide concentrations at Delta intakes have been described, Stage 1 actions can be examined,
Stage 2 actions can be identified and prioritized, and performance measures can be identified. For
the end of Stage 1, the WQP has also been asked to evaluate whether identified Stage 1 actions,
combined with through-Delta conveyance of state and federal water supplies, have achieved or are
able to achieve WQP goals.

One way of assessing the progress the WQP has made towards achieving its bromide source water
quality target is through a trends analysis. Brown & Caldwell Consultants, Inc. were retained to
complete seasonal trends analyses of bromide and electrical conductivity at the Delta intakes, as well
as on flows in the Sacramento and San Joaquin River; the results are attached in Appendix B. Trends
analyses are challenging in highly managed systems, as concentration trends may be more indicative
of the volume of Delta outflow than of sources of constituents. Bromide and electrical conductivity
are both highly correlated to Delta outflow, and therefore the downward trend observed from 1990
to 2005 is more indicative of the movement from an extended drought (in the early 1990s) to a long
period of wetter years. This tool will have to be explored more thoroughly before it can be used to
assess program performance.

5.1.2 Bromide from the Ocean

Ocean intrusion into the Delta is a function of a variety of drivers: tidal fluctuations, freshwater
outflow, project operations, Delta bathymetry and in-Delta levees, water quality regulations, and the
location of intakes (see Chapter 3). During Stage 1, CALFED salinity-related actions have focused
on 1) increasing Delta outflows, 2) changing Delta bathymetry and/or geometry and maintaining in-
Delta levees, and 3) reducing salts recirculated through the San Joaquin River.

Increasing Delta Flows. The CALFED Storage Program is investigating several potential storage
projects within the Delta watershed. One of these projects, the North of Delta Offstream Storage
project NODOS), would construct an offstream reservoir on the western side of the Sacramento
River. The offstream reservoir would pump water from the Sacramento River when flows are high
and could, in coordination operation with the Delta Cross Channel gates and/or a new screened
diversion (Through-Delta Facility) that would divert Sacramento River flows to the central Delta,
release water to improve water quality. Water quality would be improved either by repulsing salinity
with additional freshwater flows or by redirecting freshwater flows to the interior Delta to move
higher salinity away from the south and western Delta. Water quality is only one of the potential
benefits being studied.

An Initial Alternatives Information Report’ for NODOS was released in May 2006. According to
this report, one alternative (“Alternative B”) is designed to have a water quality focus and has been
modeled to reduce fall bromide peaks from 30 to 50%, even in drier years, when operated in
conjunction with through-Delta conveyance improvements. The capital cost of the project is initially
estimated to range from $340 to $1,450 million depending on the reservoir location (2005 dollars).
This project study will continue during Stage 2 as an action under the CALFED Water Supply
Reliability objective; the WQP should continue to coordinate with the study on its water quality
objectives.

The WQP has not funded any projects focused on increasing Delta inflows for the purpose of
improving water quality, as these projects are the focus of the CALFED Storage Program. Given the
limited locations for developing offstream facilities in the watershed, and the uncertainty of climate
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change and sea level rise, the WQP does not identify additional actions that increase Delta flows in
Stage 2, but recommends continued monitoring and coordination of projects that change flows into
the Delta.

Changing Delta Bathymetry. The current channel configuration and physical structures within the Delta
(e.g. Delta Cross Channel gates, South Delta Temporary Barriers) affect how water flows through
the Delta and thus how ocean water intrudes into the Delta. Controlling the flow of water at
strategic locations in the Delta can have a major effect on salinity. The CALFED Conveyance
Program has responsibility for investigating conveyance projects that can improve water quality and
protect or improve fish population and habitat, predicated on the ROD commitment to examine
only through-delta conveyance options. There are three projects evaluated during Stage 1 of the
CALFED conveyance program that have the potential to reduce bromide concentrations at Delta
intakes: reoperation of the Delta Cross Channel gates, construction of a Through Delta Facility, and
construction of a gate or levees near Franks Tract. Figures 5.15 - 5.16 show the proposed locations
and alternatives of these projects.

Each of the three conveyance projects investigated in Stage 1 have the potential to reduce bromide
concentrations at the Delta intakes most impacted by bromide by various degrees. Within each of
the three conveyance projects, a number of alternatives have been identified and modeled to
determine their potential to improve drinking water quality. One of these, the Franks Tract project,
will continue evaluation of two alternatives: an operable barrier in Three Mile Slough that controls
the flow exchange between the low-bromide Sacramento River and the higher-bromide San Joaquin
River and an operable barrier in West False River that controls the one-way flow of salinity through
Franks Tract to the Delta intakes. Initial DSM2 modeling of the two alternatives show a potential 2
— 16% long-term (water years 1976 to 1991) average reduction in salinity (EC) at four Delta intakes’
with maximum monthly reductions up to 42% at the State Water Project. The Franks Tract project
is estimated to cost of $60 to $80 million (2007 dollars).

The Delta Cross Channel could either be reoperated or its conveyance channel could be increased to
reduce salinity at Delta intakes. Modeling studies of a Delta Cross Channel with conveyance
expanded (through widening the gate structure and/or deepening downstream channels) show a
potential long-term (1990 to 2007) average 6 to 11% reduction in salinity at project intakes, with the
largest improvements occurring in late summer and fall. Expansion of the Delta Cross Channel with
a fish screen on the widened gate structure is estimated to cost $140 (2007 dollars). More will be
known about the potential to improve water quality with only a reoperated Delta Cross Channel
after a scientific salmon/hydrodynamic study next year, and recommendations based on water
quality as well as fish migration and predation patterns will be made in 2009. Model studies suggest
an average fall and winter salinity (EC) reduction of 5%, by reoperating the existing infrastructure to
open the gates in the daytime when they are normally closed for fisheries actions, combined with
dredging in Snodgrass Slough and the Mokelumne River. Modeling studies for various alternatives
of the Through-Delta Facility suggest the potential to reduce salinity up to 17% in late fall months.
The estimated cost of a Through-Delta Facility is $230 to $450 million (second quarter 2007.
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Figure 5.15 Map of Through Delta Facility, Franks Tract Project and Delta Cross Channel
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dollars). There is some tradeoff between these projects, so their potential improvements are not fully
cumulative if they are all implemented. A 2007 Value Engineering Report suggested exploration of
the cost-effective alternatives for each of the projects.

The Franks Tract project is considered a WQP project, but is managed by the CALFED
Conveyance Program. Conveyance projects are funded and managed by the Conveyance Program
and coordinated with the WQP and the Ecosystem Restoration Program. These conveyance projects
are currently the most cost-efficient means of reducing bromide at Delta intakes, though they should
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also be examined for the effects on other water quality constituents of concern. Therefore, they
should continue to be high priorities for Stage 2, for either long term benefits or interim benefits,
dependent on the End of Stage 1 conveyance decision (future uncertainties and their implications
are discussed at the end of this chapter).

Figure 5.16 Map of Remaining Alternatives for the Franks Tract Project (Three Mile Slongh and West False
River Alternatives are highlighted)
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Any changes to the bathymetry of the Delta, including construction of permanent barriers in the
South Delta and land reshaping for ecosystem function, should also be monitored by the WQP for
their potential implications for ocean water intrusion into the Delta.

Maintaining In-Delta L evees. The current bathymetry of the Delta is maintained by tall levees
surrounding subsiding islands. The sustainability of this system is a risk to drinking water quality,
especially bromide and total organic carbon, due to its potential for failures during flooding or
earthquake events. Levee failures have occurred regularly and from a variety of causes. Failures, like
the Jones Tract failure of 2004, draw large volumes of water into the Delta as the subsided islands
fill with water. This draws seawater into the Delta; increasing salinity and generally requiring
emergency water management action to reduce the impact on water supplies taken from the Delta.

In the beginning of Stage 1 the CALFED Levee Program, implementing the levee stability objective,
focused on maintaining and improving the existing levee system while grossly under-funded. In
2005, the Program began to strategize its investments in levee maintenance by launching a study
focused on the risk of levee failures to salinity and water supply. In late 2005, following the
widespread levee failures in New Orleans and serious floods in the Delta, this effort intensified to
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quantify the risks and costs of levee failures from serious floods and earthquakes, beyond what has
been historically experienced.

The California Department of Water Resources conducted a preliminary risk analysis to estimate
Delta water quality (salinity), export disruption, and economic consequences of multiple seismically
initiated Delta levee failures. Under the conditions modeled in this study, ocean water would rush
into the Delta and it would take almost one year for total dissolved solids (TDS) concentrations to
return to 500 mg/L at the Delta pumping plants. Assumptions included in this analysis are that there
would be no pumping from the Delta until the TDS concentrations reach 500 mg/L and all water
that would have been pumped would be released from upstream reservoirs to flush the saline water
out of the Delta’.

The maintenance of levee integrity is critical to maintaining existing water quality conditions. Levee
failures have the potential to suddenly and significantly impact bromide concentrations in the Delta,
especially if they occur when bromide concentrations are already high — during the fall, during drier
years. The existing through-Delta conveyance of water depends on the maintenance of most of
these levees and it is expected that the ongoing Delta Vision Process will recommend a future
course for Delta levees.

Regulation. An important factor in existing Delta salinity is the regulation of salinity through water
rights, via the State Water Resources Control Board’s (State Water Board) Water Quality Control
Plan for the San Francisco Bay/Sacramento — San Joaquin Delta Estuary®. Discharges into water
bodies, including the recirculation of ocean water through the San Joaquin River (discussed next),
are regulated by the State Water Board and the Central Valley Regional Water Quality Control
Board’s (Regional Water Board) Water Quality Control Plan for the Sacramento River and San
Joaquin River Basins (Basin Plan)’. Salinity is currently regulated through protections of spawning
habitat and fish flows (San Joaquin River salinity and Delta flow standards, Export Limitations and
Delta Cross Channel gate closures), agriculture (western, interior, and south Delta salinity standards),
and municipal and industrial beneficial uses (Rock Slough chloride standard). The 2006 triennial
review of the State Water Board’s Water Quality Control Plan identified the need to replace the
municipal and industrial Rock Slough chloride standard with a more appropriate bromide standard,
holding the chloride standard as a surrogate in the interim.

A key ROD WQP commitment is the development of a Central Valley Drinking Water Policy.
Although this project is focused on sources in the watershed, because it is currently developing the
technical information for a Basin Plan amendment, it could also develop information on bromide to
update this standard in the Water Quality Control Plan. The WQP should identify what protections
are needed within the Water Quality Control Plan to protect drinking water as a beneficial use; both
to update the existing chloride standard with a bromide standard, but also to develop protections for
drinking water should other standards that currently provide protection be lessened or changed.

The benefits of any of the storage, conveyance, or source control approaches for reducing bromide
concentrations have the potential be cancelled out if changes to Delta water quality regulations are
not included. This is because there are times of the year when salinity standards within the Delta are
the limiting factor on water export. If salinity improvements are made during times when the SWP
and CVP are being operated to meet salinity standards, those improvements may allow the projects
to pump more water while meeting the historic standard. The WQP should assure that such projects
are accompanied by a cooperative agreement to ask that regulations be adjusted appropriately.
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Consideration of the impacts of salinity changes on the Delta ecosystem and water supply
management are also important. The salinity regime that is most beneficial for drinking water quality
may be not be so for threatened species like Delta Smelt or for optimizing water supply for
agriculture uses. Salinity, and thus bromide, is an issue that must be resolved through efforts like the
Delta Vision Process that consider all beneficial use needs in developing strategy.

Performance Metrics:
1. Running annual average of bromide concentration and annual frequency that bromide is
above 50, 100, 150, and 250 pg/L at Delta intakes (level 3)
2. New projects meant to control ocean intrusion at intakes should establish performance
metrics for this improvement and be monitored after implementation (level 2)

5.1.3 Recycling of Bromide through the San Joaquin River

The second significant source of salinity to Delta intakes is drainage from irrigated agriculture and
managed wetlands in the San Joaquin Valley, primarily through the concentration of bromide salts in
the irrigation water supply from the Delta Mendota Canal. The DMC conveys an estimated average
of 2,141,000 AF/year with a salt load of 900,000 tons/year and an average TDS of 309 mg/L". The
average concentration of bromide in the San Joaquin River at Vernalis is 280 pg/L, which is well
above the WQP bromide target. Figure 5.17 presents the available bromide data at Vernalis.
Bromide concentrations are lowest in the spring, 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''. Recirculation of
bromide to Delta intakes occur because the San Joaquin River dominates the Tracy Pumping Plant,
and under certain conditions significantly influences Banks Pumping Plant.

Control of high salinity (and bromide) drainage from agricultural lands on the west side of the San
Joaquin Valley could help reduce bromide in the San Joaquin River. This could be achieved either
through re-use and evaporation systems, or through “real-time management.” The former retains
and concentrates salts within the valley. The later would hold back drainage when salinity in the San
Joaquin River was high and release it when there is sufficient assimilative capacity. This approach is
most effective when there is an excess of San Joaquin River flow to help flush the salts out of the
Delta.

The movement of Delta salinity through the San Joaquin River is a well established problem that has
been studied for over thirty years, and has made some progress in recent years. The ROD milestone
to develop and adopt a Total Maximum Daily Load (TMDL) program to meet the salinity objective
at Vernalis has been accomplished. The US Bureau of Reclamation has been engaged in a process to
address drainage issues in the San Luis Unit of the Central Valley Project; it is unknown at this time
exactly what solution will be implemented, several are identified in its environmental
documentation'’. Currently Reclamation uses stored water in the New Melones Reservoir to dilute
salinity at Vernalis to meet the objective.
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Figure 5.17 San Joaquin River at Vernalis Bromide and Hydrologic Year Type!3
Period of Record: 1990 — 2005 Source: MWQI Data Library
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To meet both the Delta and Vernalis water quality standards, Reclamation has developed a Program
to Meet Standards'*, which identifies action to reduce San Joaquin River salinity. Actions include the
recirculation of Delta water from the Delta Mendota Canal through the Newman Wasteway to
provide dilution flows to the San Joaquin River; implementation of the Westside Drainage
Management Plan, best management practices to reduce salinity discharges from managed wetlands;
and realtime monitoring and management of the San Joaquin River. These actions were largely
identified through an agency and stakeholder group convened to develop an alternative
implementation plant to meet the TMDL.

The Regional Water Board has embarked upon a long-term effort to assess and address salinity in
the Central Valley, with a focus on maintaining or improving the salinity balance within the Valley.
Salinity is a constituent that crosses over many agencies and many efforts. The WQP should engage
in such efforts to include bromide as a salinity-related constituent of concern for drinking water.

The WQP has funded 7 projects ($3.75 million) that contribute to implementation of the Westside
Drainage Management Plan, development of real time management strategies, and development of
technologies for salinity removal. The Westside Drainage Management Plan estimates that it would
cost $123 million in capital improvements to significantly reduce loads of selenium, boron and
salinity from the Grasslands Bypass Region to the San Joaquin River. Because the New Melones
Reservoir is providing dilution water to meet the Vernalis salinity objective and there are unmet
demands on the New Melones Reservoir, it is possible that reductions in San Joaquin River salinity
are will not result in improvements beyond the Vernalis objective or South Delta objectives. The
WQP should assess the potential for actual improvements at Delta intakes, without relying on New
Melones for dilution, before prioritizing additional bromide actions in the San Joaquin River
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watershed. The WQP should also assess the potential for reductions in bromide at Delta intakes to
produce reductions in San Joaquin River bromide, and prioritize actions accordingly. Actions to
reduce salinity in the San Joaquin River are already well identified, what is less well understood is
whether there can be critical salinity and bromide benefits when the system is managed to maximize
water supply benefits.

Performance Metrics:
1. Running annual average of bromide concentration and annual frequency that bromide is
above 50, 100, 150, and 250 pg/L in the San Joaquin River near Vernalis (level 3)
2. Reductions in the use of New Melones flows for salinity dilution, daily cfs (level 3)

5.1.4 Bromide from Delta Islands

There are hundreds of pumps that move water off the islands and discharge into Delta channels.
This water is a combination of agricultural return flow, subsurface drainage, seepage, and rainfall
runoff. The quality of the water in this drainage generally reflects the quality of the water diverted
onto the island for irrigation, the peat soils of the islands, and agricultural chemicals used. Thus,
water discharged from Delta islands is usually higher in salinity and bromide than the adjacent
channels due to evaporation and transpiration.

Water quality conditions on Delta islands due to agricultural operations are pootly understood. The
Department of Water Resources’ Delta Modeling Group is updating their Delta Island Consumptive
Use (DICU) Model, which currently estimates Delta islands’ role in water quality through grossly
averaged and old information. Even so, modeling suggests that Delta islands are the third most
important source of bromide at Delta intakes. As long as the Delta continues to function as a
drinking water supply, this will remain a critical information gap.

The WQP and the ERP have funded several studies of salinity and organic carbon related to in-
Delta agricultural and ecosystem activities. These studies suggest that while Delta islands are still a
significant source of organic carbon, their loading is highly seasonal and maybe somewhat less than
previously estimated. The loading from Delta agriculture depends on the crop, soil type (amount of
peat) and water management practices. Recent studies also suggest that conversion of agricultural
land to tidal wetland or floodplain habitat could increase organic carbon loading while conversion to
open water habitat would reduce it. Salinity discharges from Delta islands are a function of the
salinity of water coming from the adjacent channels and consumptive use. Before funding additional
studies of Delta islands, the WQP should work with the Levees Program to determine if federal and
state funding of levee improvements could be conditioned on obtaining critical water quality
information. The WQP should also work with the Department of Water Resources to run DSM2 to
determine the sensitivity of Delta intakes to Delta island drainage locations. The WQP has also
funded $4.5 million in local salinity improvements for the Contra Costa Water District, by relocating
agricultural drains near their Delta intakes and reducing long term average chlorides by
approximately 0.1 mg/1. and daily averages up to 3.2 mg/L".

Performance Metrics:
1. Establishing regular or seasonal bromide measurement at key Delta islands, based on the
Delta Risk Management Strategy and on the recommended DSM2 study (level 3)
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5.1.5 Dilution by the Sacramento River

The Sacramento River is important because it repels and dilutes ocean water from the estuary and
from the San Joaquin River. It is probably more important from a salinity perspective, since there
are sources of salinity in the Sacramento River watershed but no significant sources of bromide,
Figure 5.19. Discharges from urban and industrial sources are currently relatively minor sources of
salt to the Delta but should be monitored. New or increased industrial discharges in particular have
the potential to contribute significant salt loads.

Performance Metrics:
1. Running annual average of bromide concentration in the Sacramento River near Hood
(evel 3)

Figure 5.18 Sacramento River at Hood Bromide (10 pg/L is the detection limit)
Period of Record: 1997 — 2006 Soutrce: MWQI
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5.1.6 Additional Improvement Approaches

As discussed, reductions in bromide concentrations at treatment plants using Delta water could be
achieved through regulation, changes to water management (primarily conveyance), or a
combination of the two. Setting standards at the diversions would be highly effective but could
require release of unacceptably large amounts of stored water to repel seawater. Another type of
change, relocation of intakes to Delta locations with higher quality water, could also be effective as
long as the Delta and the major water projects continue to be operated in a way that keeps water
quality high at the new location.

There has been significant discussion within the Delta Vision Process and Legislature in 2007 about
some type of an isolated facility that would relocate Delta intakes to the Sacramento River. This
essentially avoids the lower quality sources currently reaching Delta intakes (if all Delta intakes are
connected and assuming the canal bypasses the Delta altogether to an intake on the Sacramento
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River). This represents the largest reduction in bromide that is possible in the CALFED solution
area. This approach is discussed further at the end of this chapter, under future conditions. It is also
important to note that this approach is more expensive for intakes further afield in the Delta — the
North Bay Aqueduct and City of Antioch in particular. The North Bay Aqueduct has investigated
relocating their intake as a separate project; this is discussed later in this chapter.

5.2 The Influence of the Delta Watershed on Drinking Water Quality

Land- and anthropogenic-derived materials (organic carbon, nutrients, and pathogens) do not come
from the estuary, but from the Delta watershed, in-Delta land, and biological processes within Delta
waters. The Sacramento, San Joaquin, and smaller eastside tributaries carry loads of natural organic
matter that vary by composition by source and by upstream hydrologic conditions. These loads enter
the Delta and are mixed as water flows through Delta channels, where they can be changed by
activities/processes on Delta lands and wetlands and by biological changes within the water column.
The sources and nature of natural organic matter is much more complicated than bromide, and
there is still much work needed to better understand this.

5.2.1 Pathogens

The primary function of drinking water treatment is to inactivate pathogens that pose acute human
health risks. Pathogens are expensive to measure and very difficult to accurately monitor at low
concentrations. Pathogens may originate in six potential sources: domestic animals during grazing or
in confined animal facilities, wild animals in natural lands, aquatic avian and mammalian species that
inhabit surface waters, human water-contact recreational activity, urban storm water runoff, and
wastewater discharge. Assessment of pathogens in the watershed is largely based on source
identification and indicator monitoring; treatment plants have or will begin monitoring of
Cryptosporidinm and Giardia and to date data indicates that treatment requirements will remain at
existing levels.

Coliforms (fecal coliforms — E. Co/, total coliforms) are monitored as an indicator of the presence
of fecal matter; they are easier and cheaper to monitor in surface waters. Coliform indicators vary by
orders of magnitudes over small distances and short time-scales. Fecal indicator levels are most
responsive to sources and events in close proximity to the monitoring location; available data shows
minimal relationships with flow rates, though peaks correlate with wetter months. In the Delta,
available data also shows the highest coliform concentrations near urban areas. This suggests that
the focus of WQP pathogen efforts should be on controlling sources nearest Delta intakes. For
example, the presence of migratory birds, livestock, recreation facilities, and residential areas on
Delta islands suggests that the WQP could use an assessment of the sensitivity of intakes to island
discharges to identify specific drainage locations for impacts on pathogens at intakes.

The WQP has funded four projects ($2.7 million) investigating sources, transport, and best
management practices for control of pathogens. One project developed best management practices
for Delta boaters and sampled for pathogens during peak and non-peak recreation periods.
Pathogen sampling revealed that pathogens are elevated during peak recreation, but tended to
reduce in concentration the further away from clustered recreators. The project has been funded to
expand from Contra Costa County to the rest of the Delta counties. The other three projects are
developing best management practices for confined animal operations, grazing, and farm sources of
pathogens to the Delta.
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The WQP does not recommend any pathogen projects as Stage 2 priorities. Continued pathogen
sampling by treatment plants should be monitored to determine if there are unforeseen areas of
concern and specific project ideas to control pathogen sources close to intakes.

Performance metrics:
1. Track regulatory pathogen monitoring of major conveyances/intakes by drinking water
utilities. Use to guide whether in-Delta pathogen monitoring should be prioritized
(level 3)

5.2.2 Organic Carbon

Total organic catbon is a specific target of the WQP (3 mg/L) because it teacts with chlorine to
form trihalomethanes and haloacetic acids, harmful disinfection byproducts. Organic carbon and
natural organic matter are descriptions that encompass a multitude of organic compounds. For
drinking water, the most important measurements of organic carbon are total organic carbon,
dissolved organic carbon, and UV Asss (ultraviolet absorbance of a wavelength of 254 nm). From this
data, the SUVAssy can be calculated (UVAssq divided by DOC) to measure the aromaticity of organic
carbon, a measure of carbon quality. Total organic carbon is the measurement of both particulate
(not dissolved) matter and dissolved matter, whereas the other measures are of dissolved matter
only. There can also be differences in the manner in which carbon is filtered (for DOC) and/or
measured (combustion and analysis of carbon content, chemical oxidation and analysis of carbon
content, analysis of carbon content by its reflectivity of ultraviolet light).

For drinking water, organic carbon is regulated in two ways: through requirements to achieve a
certain percentage of total organic carbon (TOC) removal based on source water concentrations of
TOC and alkalinity; and through regulatory limits on their disinfection byproducts. Many treatment
plants therefore only measure TOC and disinfection byproducts; but it is the dissolved organic
carbon that frequently influences disinfection byproduct production. Research has not identified the
characteristics of the dissolved organic carbon compounds most likely most responsible for this
production of DBPs; TOC setves as an imprecise surrogate for the potential to form DBPs.

In the Delta and its tributaries, dissolved organic carbon measurements are more common, and
historic studies show that DOC measurements are about 85 - 90% of TOC '", so DOC makes up a
significant portion of the TOC, shown in Figure 5.19. There is a fair amount of organic carbon data
available for most of the Delta intakes and at the key river inputs, with uneven sampling between
total organic carbon and dissolved organic carbon.

Turbidity, a measure of the amount of suspended matter, is determined by measuring the amount
that light is scattered passing through a water sample (NTU). Treatment plant design historically is
based on the removal of turbidity. Turbidity removal has been traditionally used by treatment plants
under current regulations as a measure of pathogen removal effectiveness.

One way of assessing the progress the WQP has made towards achieving its organic carbon source
water quality target is through a trends analysis. Brown & Caldwell Consultants, Inc. were retained to
complete seasonal trends analyses of organic carbon at the Delta intakes, as well as on flows in the
Sacramento and San Joaquin River; the results are attached in Appendix B. Trends analyses are
challenging in highly managed systems, as concentration trends may be more indicative of the
volume of Delta outflow than of sources of constituents. Organic carbon is not strictly correlated to
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Delta outflow, since its sources and transport are driven by different processes. Downward trends
observed from 1990 to 2005 may be more indicative of the movement from an extended drought (in
the early 1990s) to a long period of wetter years. This tool will have to be explored more thoroughly
before it can be used to assess program performance.

Figure 5.19 DOC/TOC Ratio at Banks Intake based on Real Time Data [Figure 2-16 in CALFED

WQP Assessment Report 2005]
Period of Record: 2003 — 2005 Source: MWQI analysis by CCWD
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5.2.2.1 Organic Carbon at Delta Intakes

Organic carbon and nutrients originate from a variety of locations and activities in the Delta and its
watershed and vary under different hydrological conditions, Figure 5.20. As presented in Chapter 4,
running annual averages of total organic carbon at Delta intakes are frequently above CALFED
WQP targets, Table 4.1, but the data sets are uneven and occasionally sparse. Table 5.1 presents
additional detail on available data - the median and maximum values of these same data sets, as well
as data from the Sacramento River at Hood and the San Joaquin River at Vernalis. Generally more
data is available at these locations in the form of dissolved organic carbon, Table 5.2.
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Figure 5.20 DOC at Delta Intakes (Figure 2-19 in CALFED WQP Assessment Report 2005)
Period of Record: 1990 — 2004 Source: MWQI except Tracy (2003-2005) from USBR
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Table 5.1 Total Organic Carbon!® Statistics at Delta Intakes and Major Tributaries

Intake Period Number of | Median TOC | Maximum
samples (n) | (mg/L) TOC (mg/L)

H.O. Banks 1986-2006 | 252 3.2 16.3

C.W. Jones (Tracy) 1986-1999 | 29 3.3 5

CCWD Old River 1994-2006 | 176 3.0 14

CCC (Rock Slough) 1991-2006 | 169 3.6 40

NBA (Barker Slough) 1988-2006 | 289 4.7 38.0

Sacramento R at Hood 1998-2006 | 595 1.75 8.6 (19.9")

San Joaquin R at Vernalis | 1986-2006 | 418 3.3 10.5

Table 5.2 Dissolved Organic

Carbon!8 Statistics at Delta I

ntakes and Major Tributaries

Intake Period Number of | Median Maximum

samples (n) | DOC DOC
(mg/L) (mg/L)

H.O. Banks 1989-2006 | 255 3.3 10.5

C.W. Jones (Tracy) 1986-1989 | 149 3.4 11

CCWD Old River 1990-2006 | 314 3.4 11

CCC (Rock Slough) 1989-1994 | 80 3.0 9.2

NBA (Barker Slough) 1989-2006 | 333 4.2 23.5

Sacramento R at Hood 1997-2006 | 402 1.8 7.9

San Joaquin R at Vernalis | 1986-2006 | 1077 3.2 11.8
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In addition to collected data at intakes, the California Department of Water Resources operates a
peer-reviewed water quality numerical model, Delta Simulation Model 2 (DSM2), which can provide
a daily set of data that can be explored for additional insight on the sources of high concentrations
of constituents of concern. One exercise this model is used for is that of “fingerprinting” or tracking
the sources of water and constituents to the intakes. Results are dependent on modeling accuracy,
which is not perfect, but is the best tool currently available to the WQP. Fingerprinting runs were
created for dissolved organic carbon and electrical conductivity for historical conditions with current
levels of diversions and regulations, Figure 5-21. This data was then reorganized to look at water
sources over certain ranges of concentrations. Looking at a frequency plot, Figures 5-22, for DOC
(here modeled as a conservative constituent, and as a surrogate for TOC), there is a closer
correlation of organic carbon at the Delta intakes (except for Rock Slough which has a lower
signature) than there is for electrical conductivity.

Continuing this examination of modeled constituents, data was separated into ranges of
concentrations and examined by its source. Boxplots of concentrations below 3 mg/L. DOC, above
3 mg/L DOC, above 6 mg/L. DOC and above 7 or 8 mg/L DOC reveal some interesting patterns.

Figure 5.21 Clifton Court Forebay Dissolved Organic Carbon Modeled Fingerprint
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.22 Frequency of Modeled (DSM2) DOC at Four Delta Intakes
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output

11

10
9 —— OlId River J
— Rock Slough A
8 —CCFB
—Tracy y }
7
=
<
g
- 6
o]
Q
=}
5 4
4 4
3
2
1+ T T T T T T T T T T T T
0% 8% 15% 23% 31% 39% 46% 54% 62% 69% 7% 85% 92%

Starting with Tracy Pumping Plant, Figures 5.23 — 5.24 suggest that 1) a small increase in the
contribution of Sacramento River water decreases concentrations CALFED targets, 2) the
combination of San Joaquin River contributions increasing and Sacramento River contributions
decreasing result in higher concentrations of DOC, 3) in-Delta islands contribute a pretty steady

source, and 4) the eastside tributaries and ocean represent negligent sources.
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Figure 5.23 Modeled Sources of DOC at Tracy when DOC < 3 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.24 Modeled Sources of DOC at Tracy when DOC > 6 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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At Clifton Court Forebay (our modeled equivalent of Banks Pumping Plant), Figures 5.25 — 5.26
confirm that Banks intake receives a higher proportion of Sacramento River water than Tracy, while
also showing similar but less extreme patterns, but with in-Delta island contributions increasing at
higher intake DOC concentrations. At Contra Costa Water District’s Old River and Rock Slough
intakes on the other hand, Figures 5.27 — 5.30 show a stronger contribution from in-Delta islands
than from the San Joaquin River. In this chapter, sources of organic carbon in the San Joaquin River
are explored further, but in-Delta island contributions are still limited to estimations that probably
do not capture the true magnitude or variability of those contributions. Figures 5.31 - 5.32 show the
pattern of organic carbon by month and water year type at various ranges at Clifton Court Forebay.
This pattern is seen at all the modeled intakes, with the highest organic carbon peaks occurring most
frequently early in the year of wettest years, and generally correlating with periods of highest flow.

For organic carbon, this data suggest that the location of an intake is less important, as all Delta
intakes looked at show similar patterns of sources and timing, with slightly different degrees of San
Joaquin River and Delta island sources. Other studies show that the NBA intake organic carbon
concentrations are influenced by local watershed sources rather than the Delta watershed”. Organic
carbon is both an issue at peak concentrations, where it can challenge treatment processes and
produce high concentrations of DBPs; and at higher longer-term averages which trigger pre-
treatment processes and produce higher long-term averages of DBPs. Peaks and averages in the
Delta watershed are driven by different sources and transport processes. The analysis presented
above can be looked at for both peak concentrations (above 6 mg/L or 8 mg/L) and longer term
averages (above 3 mg/L). Longer term averages occur in all water year types and throughout the
year, concentrated in February through July.

In an effort to further explore the seasonality and hydrological patterns of organic carbon at intakes,
modeled dissolved organic carbon was examined by wet (November through April) and dry (May
through October) seasons and by wet (Wet and Above Normal) and dry (Critical, Dry, and Below
Normal) years, Figures 5.33 - 5.36. This further reinforces that wet seasons are correlated with
higher levels of organic carbon. It also suggests that dry years have higher DOC concentrations than
wet years in the dry season, which may be due to the lack of dilution water available in the system.
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Figure 5.25 Modeled Sources of DOC at CCFB when DOC < 3 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.26 Modeled Soutces of DOC at CCFB when DOC > 6 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output

1.0 LEGEND
O Culber
siih Ferzenilie
75ih Pezenidie
H Maedian
D.B T 5th Feoentile
T —
& Cutlier g
z
g 0.6 4 ‘
s
=
E
o 0.4
=]
=
0.2 -
0.0 4 * —H—
In-Delta Eastside Martinez Sacramento R San Joaquin R
CALFED CALFED Water Quality Program
—= BAY-DELTA 5-29 Stage 1 Final Assessment

PROGRAM



Figure 5.27 Modeled Sources of DOC at Rock Slough when DOC < 3 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.28 Modeled Sources of DOC at Rock Slough when DOC > 6 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.29 Modeled Sources of DOC at Old River when DOC < 3 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.30 Modeled Soutces of DOC at Old River when DOC > 6 mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.31 Modeled Organic Carbon (DOC) at CCFB by Month, DOC in mg/L
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.32 Modeled Organic Carbon (DOC) at CCFB by Water Year Type, DOC in mg/L Period of
Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.33 Modeled DOC at Delta Intakes in Dry Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.34 Modeled DOC at Delta Intakes in Wet Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.35 Modeled DOC at Delta Intakes in Dry Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.36 Modeled DOC at Delta Intakes in Wet Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Water treatment plants (WTPs) interviewed by the WQP?' indicated that the most challenging
conditions for Delta treatment plants are times when both organic carbon and bromide
concentrations are high. An analysis of available bromide and organic carbon data by month for
Banks shows this primarily occurs in the first half of the year, with organic carbon generally lower in
the October — December time period typically associated with ocean intrusion, Figure 5.37.

Figure 5.37 Paired Monthly DOC and Bromide at Banks (points for each calendar quarter (Jan-Mar,

Apt-Jun, Jul-Sep, Oct-Dec) are colored alike)
Period of Record: 1990 — 2006 Source: DWR Water Data Library
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Operation of intakes can influence whether peaks reach treatment plants as peaks or as higher
longer-term averages. Some attenuation does occur through conveyance, discussed in Chapter 6 and
Appendices 4 and 5. Upstream treatment plants handle short peaks in organic carbon by not using
the water. The State Water Project, on the other hand, regularly fills the San Luis Reservoir during
the winter months, when organic carbon concentrations are higher or spiking, and water leaving the
San Luis Reservoir complex has a higher organic carbon concentration than Banks.” There are no
existing infrastructure features that were designed to attenuate organic carbon, and therefore efforts
to manage both organic carbon and its related disinfection byproducts have focused in the Delta
watershed and at water treatment plants.

The types of sources of organic carbon in watersheds are well known, if not well quantified. Natural
sources and drivers of these constituents are primarily precipitation-driven runoff and primary
production within the food web of the Delta. Anthropogenic sources and drivers are more
numerous and varied, primarily related to land management for agriculture, forestry, urban
development and wetlands. Organic carbon and nutrients are transported to water ways through
water application, either natural precipitation or anthropogenic activities. A conceptual model of
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natural organic matter in the Delta watershed in relation to drinking water quality is presented in
Figure 5.38.

Another complicating factor of organic carbon is its quality (its composition or characteristics).
Measurements of TOC and DOC cover a wide variety of characteristics. An understanding of the
ecosystem processes of organic carbon in the Central Valley is important because any actions to
manage the concentrations of organic carbon at drinking water intakes must also consider the
potential ecological impacts. The Delta food web relies on organic carbon that is bioavailable, which
is generally the particulate form of organic carbon, suggesting that there may be minimal conflict
between supporting the Delta food web and reducing DBPs*. DBP formation may be linked to
some particular portion of DOC?*, but studies have not yet characterized it. Studies have also been
limited to disinfecting Delta water directly and have not examined how organic carbon changes
through other water treatment processes; and thus source water DOC and WTP processes cannot
be directly correlated to DBP production. Primary production in the Delta is a concern for the
ecosystem, as it is lower than it should be given the loads of nutrients entering the Delta™.

The conceptual models developed for the Central Valley Drinking Water Policy present all of the
available data through 2004 for the Delta watershed and calculate loading estimates for organic
carbon, nutrients, and pathogens. The CALFED Water Quality Program Assessment Report (2005)
contains time series of this data as well, in Chapter 2. The graphics in these reports are not copied
here; a few selected illustrations are included and referenced accordingly.

Once the sources, timing, and magnitude of organic carbon at Delta intakes have been described
and examined, Stage 1 actions can be examined, Stage 2 actions can be identified and prioritized, and
performance measures can be identified. For the end of Stage 1, the WQP has also been asked to
evaluate whether identified Stage 1 actions, combined with through-Delta conveyance of state and
federal water supplies, have achieved or are able to achieve WQP goals.

The ROD presented a list of initial actions to reduce constituents of concern over Stage 1, without
determining to what degree such actions would address the WQP targets. These actions have been
implemented to a limited amount of success, and too often without the resources to identify the
priorities for source improvement actions or the contractual obligations by projects to assess their
accomplishments or costs.
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Figure 5.38 Simplified Conceptual Model of Organic Matter at Delta Intakes
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5.2.2.2 Organic Carbon from Delta Lands and Wetlands

DSM2 fingerprinting suggests that some of the organic carbon at Delta intakes originate with Delta
islands. DSM2 models Delta sources with another model, the Delta Island Consumptive Use model
(DICU), which estimates agricultural water use and discharged monthly based on hydrology. DICU
modeling does not capture variation in quality and quantity due to precipitation, specific crop
management, or soil types. It also does not capture organic carbon that originates in wetlands or
primary production in the Delta. The organic carbon conceptual model produced under the Central
Valley Drinking Water Policy project found that in wet years, in-Delta sources contribute about 15%
of the loads to the Delta, whereas in dry years they contribute about 33% of the loads. DSM2
fingerprinting suggests that in-Delta sources contribute the largest amounts of organic carbon under
the driest conditions, and at other times they contribute less than 10%, with spikes above this under
the wettest conditions, Figures 5.39 — 5.42.

The organic carbon conceptual model also evaluated data available in from Delta islands and its
yearly variability, Figures 5.43 — 5.44. Notice that the range of DOC measured can exceed 40 mg/L
25% of the time at some locations, and concentrations are highest in the winter and spring, when
organic carbon levels are highest at Delta intakes.

Tidal wetlands also affect organic carbon concentrations in the Delta and at intakes. Previous
modeling suggested that the influences of Delta wetlands are much more important in the central
Delta than in the western Delta and Bay. Delta islands and wetlands can have high percentage peat
soils, which generate dissolved organic carbon when in continued contact with surface waters™. In
June 2005, a levee break at Jones Tract offered an opportunity for the state to gather data on the
organic carbon production of a submerged Delta island. The California Department of Water
Resources” Municipal Water Quality Investigations program found that total organic carbon
concentrations increased from 5 mg/L to 25 mg/L over the course of water impoundment. During
this time, spikes in TOC at Delta intakes were also observed™.

The WQP has funded 7 projects addressing organic carbon from in-Delta sources ($5.5 million), and
has been trying to fund an 8" project. The funded projects are examining wetland sources of organic
carbon, building wetlands to filter sources from the Delta periphery, and supporting monitoring and
best management practices related to agriculture. There is a project to examine on-island chemical
treatment to reduce organic carbon in island drainage, but work has only recently started because of
contracting problems. Demonstration projects of this type should enable the WQP to assess if
drainage water quality can be improved and at what cost.
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Figure 5.39 In-Delta Contributions to Delta Intake DOC in Dry Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.40 In-Delta Contributions to Delta Intake DOC in Wet Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.41 In-Delta Contributions to Delta Intake DOC in Dry Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.42 In-Delta Contributions to Delta Intake DOC in Wet Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.43 DOC Concentrations in Delta Agricultural Drainage (Figure 5-12 in Organic Carbon
Conceptual Model)
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Figure 5.44 Seasonal Variations in Delta Agricultural Drainage DOC Concentrations (Figure 5-13 in
Otrganic Carbon Conceptual Model)
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The WQP has also funded the Central Valley Drinking Water Policy Technical Studies ($970,000), a
project developing the technical information to potentially regulate the Delta to protect drinking
water as a beneficial use. The project is responsible for the development of the nutrients conceptual
model. It is scheduled to develop a basin plan amendment for consideration in 2009, the form of
which is currently unknown. A basin plan amendment could include monitoring requirements or
water quality objectives and an implementation plan to achieve those objectives.

The North Bay Aqueduct intake on Barker Slough draws water from Sacramento River and the
watershed of Barker Slough. Organic carbon concentrations at the North Bay Aqueduct clearly
show that the highest concentrations originate in the local watershed, Tables 5.1 and 5.2. This intake
also experiences the highest and most variable levels of turbidity and pathogens of the Delta
intakes™. The WQP has funded two projects to address these local watershed sources, one project
that developed and implemented best management practices, with some success ($399,608) and
another project that investigated the feasibility of relocating the North Bay Aqueduct intake
($188,560). The water quality impacts of BMP implementation are currently being evaluated.
Construction of an alternative intake, although expensive ($175 million), would provide significantly
improved water quality for NBA utilities.

In 2003, the DWR estimated that removal of all agricultural drains would lower the average TOC at
Banks by 1 mg/L”". The DWR is currently in the process of improving the DICU model, although
they are still hindered by the lack of data for Delta island management. Once this is completed,
sensitivity modeling with DSM2 could be used to identify which drains contribute to organic carbon
loads at the different intakes. This would allow the WQP to prioritize actions for reducing these
sources.

Performance Metrics:
1. Collect data through funded projects and the Regional Water Board’s irrigated lands
program to refine understanding of in-Delta sources. (level 2)

5.2.2.3 Organic Carbon from the San Joaquin River

DSM2 fingerprinting suggests that the San Joaquin River is the largest source of DOC for Tracy PP,
the largest or second largest source for Banks, and the tertiary source of DOC for Old River and
Rock Slough intakes. The San Joaquin River has significantly less flow on average than the
Sacramento River; it is used to convey a significantly higher proportion of agricultural drainage from
the Central Valley to the Delta and ocean. There are five separate monitoring programs sampling for
DOC and TOC at the end point of the San Joaquin River, Vernalis. Available data is presented in
Figure 5.45. These data showed a statistically significant difference between dry year and wet year™
median concentrations, with dry years’ median of 4.4 mg/L TOC and wet years’ median of 3.2-3.9
mg/L (based on season”, p=0.000). DOC data, however, showed statistically significant differences
for seasonal organic carbon, with medians of 2.8 mg/L in dry seasons and 3.6 in wet seasons
(p=0.000). Peaks at Vernalis were 18 mg/L of TOC and 11.8 mg/L DOC. The real-time monitoring
data from Hood, Vernalis, and Banks has shown that TOC peaks are higher than those measured in
discrete samples™,

ALFED

ﬁ (
—= BAY-DELTA 5-42
B, PROGRAM



Figure 5.45 TOC and DOC in San Joaquin River at Vernalis
Period of Record: 1990 — 2006 Source: See Legend
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This data does not conclusively identify the time periods when San Joaquin River carbon levels are
most significant to Delta intakes. The DSM2 fingerprint data suggests that the San Joaquin River
contributes to peaks during wet seasons of wet years, and to higher than desired averages during wet
seasons of dry years, Figures 5.46 — 5.49. The identification of crucial time periods would allow the
WQP to better focus investments on organic carbon control. Since it is clear that organic carbon
concentrations can exceed 3 mg/L in every month under every water year type, it may be more
appropriate to explore the conditions under which the San Joaquin River exceeds the target of 3
mg/L. This is complicated by the sensitivity of measurement method, and the difference between
TOC and DOC. San Joaquin River data for TOC and DOC, measured with both combustion and
oxidation methods by four separate monitoring programs, were examined by season and year type
for potential timing patterns, Figures 5.50 — 5.51, and resulted in no clear time periods when the
Vernalis organic carbon concentrations are under 3 mg/L.

The lower San Joaquin River begins with degraded water quality, and receives high volumes of
agricultural drainage flow as well as relatively high quality tributary river contributions. The tributary
rivers (Stanislaus, Tuolumne, Merced) dilute salinity within the river, but it is less clear how they
affect organic carbon. The organic carbon conceptual model examined ambient mainstem changes
in organic carbon and calculated loads from identified sources in the San Joaquin River, Figure 5.52.
The model identifies agriculture and forest rangeland as the highest contributors to organic carbon
loads: in general, agriculture-related loads are low flow, high concentration loads whereas forest
rangeland loads are high flow, low
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Figure 5.46 San Joaquin River Contributions to Delta Intake DOC in Dry Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.47 San Joaquin River Contributions to Delta Intake DOC in Wet Seasons of Dry Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.48 San Joaquin River Contributions to Delta Intake DOC in Dry Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.49 San Joaquin River Contributions to Delta Intake DOC in Wet Seasons of Wet Years
Period of Modeling: October 1995 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.50 TOC at Vernalis by Season and Monitoring Program
Source (Period) of Data: MWQI (1986-2007), City of Stockton (2000), SJR Agricultural Monitoring (2000-2004),
DWR (2001), USGS (1973-2001)
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Figure 5.51 DOC at Vernalis by Season and Monitoring Program
Source (Petiod) of Data: MWQI (1986-2006), DWR (2001), USGS DO Study (2000-2001), USFWS/UC Davis (2001-
2003), USGS (1978-2004)
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Figure 5.52 Otganic Carbon Loads and Sources (Organic Carbon Conceptual Model Figure 4-36)
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concentration loads. The WQP has focused funding on projects that improve low flow, high
concentration loads.

Ambient and tributary organic carbon data was evaluated by season and hydrologic year type as well.
The Stanislaus and Tuolumne Rivers tend to have the lowest levels of DOC (below 3 mg/L) with
occasional spikes in concentrations while the Merced River is the next lowest, Figures 5.53 - 5.60.
West side sloughs, creeks (except Orestimba), and the Turlock Irrigation District (which represents a
mix of urban and agricultural discharges) have consistently higher levels of DOC than locations
within the San Joaquin River. Salt slough, Mud Slough, Los Banos Creek, and the Turlock Irrigation
District’s Harding Drain appear to offer the biggest opportunities for focused studies on organic
carbon reduction.

The WQP has funded 11 projects focused on reducing organic carbon in the San Joaquin River
watershed ($8.6 million). The projects are spread out across the watershed, ranging from water
quality monitoring and planning to demonstrating best management practices for multiple source
types. Based on conversations with project proponents and the need to shift to more results-based
grant funding, for Stage 2 the WQP should identify a sub-region within the San Joaquin River
watershed to focus organic carbon, nutrient, pathogen, and salinity reductions, preferably with an
agency or organization that then can identify, fund, and manage smaller projects based on
appropriate priorities and with performance metrics.

Performance Metrics:

1. Running annual average of dissolved and total organic carbon concentrations and annual
frequency that concentrations are above 3, 6, and 7 mg/L in the San Joaquin River near
Vernalis (level 3)

2. Project-level outcome water quality performance metrics on BMP categories, including
costs (level 2)

3. Ifinvestments limited to a single smaller watershed, assess loading from smaller watershed
as program is implemented. Assess downstream river site for downward trends in
constituents of concern (levels 2, 3)

" CALFED
—a BAY-DELTA 5-48
.

ROGRAM



Figure 5.53 Mainstem San Joaquin River DOC in Dry Seasons of Dry Years

Period of Data: 1985 - 2006 Source: Various3?
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Figure 5.54 San Joaquin River Tributaries’ DOC in Dry Seasons of Dry Years

Period of Data: 1992 - 2004 Source: Various3!
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Figure 5.55 Mainstem San Joaquin River DOC in Wet Seasons of Dry Years
Period of Data: 1985 - 2006 Source: Various®
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Figure 5.56 San Joaquin River Tributaries’ DOC in Wet Seasons of Dry Years
Period of Data: 1992 - 2004 Source: Various?!
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Figure 5.57 Mainstem San Joaquin River DOC in Dry Seasons of Wet Years
Period of Data: 1985 - 2006 Source: Various®
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Figure 5.58 San Joaquin River Tributaries’ DOC in Dry Seasons of Wet Years
Period of Data: 1992 - 2004 Source: Various®!
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Figure 5.59 Mainstem San Joaquin River DOC in Wet Seasons of Wet Years

Period of Data: 1985 - 2006 Source: Various3?
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Figure 5.60 San Joaquin River Tributaries’ DOC in Wet Seasons of Wet Years

Period of Data: 1992 - 2004 Source: Various3!
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5.2.2.4 Organic Carbon from the Sacramento River

DSM2 fingerprinting suggests that the Sacramento River is the largest source of DOC for Delta
intakes when concentrations are less than 3 mg/L, but a lesser source when concentrations are
higher than desired. The Sacramento River is the best quality source of water to the Delta, both for
salinity and organic carbon; however, during significant eatly season precipitation events result in the
largest loads of organic carbon in the watershed. The WQP-funded Willow Slough project (page A-
20) is examining sources of organic carbon in a sub-watershed of the Sacramento River, and its first
year of studies suggest that in its subwatershed, this effect appears to be largely due to organic soils
and steep slopes in the coastal range. The Sacramento River also carries the largest of Delta
watershed inflows, with volumes that easily dilute existing discharges. The DWR MWQI program
samples DOC and TOC at the end point of the Sacramento River (above the tidal influence of the
Delta), at Hood. This data showed a statistically significant difference between season” and year™
(p=0.000), with medians ranging from 1.66 mg/L TOC and 1.6 mg/L DOC in dry seasons of wet
years to 3.2 mg/L TOC and 2.43 mg/L DOC in wet seasons of dry years, the two extreme
conditions, Figure 5.61. The real-time monitoring data from Hood, Vernalis, and Banks has shown
that TOC peaks are higher than those measured in discrete samples™.

Figure 5.61 TOC and DOC in Sacramento River at Hood and Greene’s Landing
Period of Data: 1990 - 2006 Source: MWQI
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The DSM2 fingerprint data suggests that the Sacramento River is largely responsible for the low
average concentrations seen during dry years, and its influence can vary significantly in wet years,
Figures 5.62 — 5.63. The Sacramento River plays a crucial role in the water quality at Delta intakes,
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delivering large amounts of high quality source water, frequently diluting sources with higher carbon
and nutrient loads, but also delivering large loads of carbon under the right conditions. Sacramento
River data for TOC and DOC were examined by year type, season and month for potential timing
patterns, Figures 5.64 — 5.67. Median organic carbon concentrations do not exceed 3 mg/L except
when examined as the wet seasons of dry years; the most common periods when organic carbon
spikes above 3 mg/L are November through February. The WQP also funded the purchase and
installation of high frequency monitoring equipment at key locations in the Delta; when an adequate
set of data has been collected, the representativeness of monthly sampling can be assessed.

The Sacramento River starts out with very high quality water that degrades as it flows downstream.
Whereas the lower San Joaquin River experiences dilution of anthropogenic-derived organic matter
through its tributary additions, the Sacramento River experiences a wash out effect — organic carbon
peaks are most commonly observed during the seasons first significant runoff-triggering
precipitation event, the severity dependent on the length of time since the last wash out event. The
organic carbon conceptual model examined ambient mainstem changes in organic carbon and
calculated loads from identified sources in the Sacramento River, Figure 5.52. The model identifies
forest rangeland as the highest contributors to organic carbon loads — consistent with the wash out
effect.

While water quality in the Sacramento River is better than the San Joaquin, it is also degraded as the
river flows from Lake Shasta to the Delta. Much of this change takes place at the point where the
two large drainage-dominated sources enter the river just upstream of the confluence with the
Feather River. Sacramento River agricultural discharges contain many of the same pollutants found
in the San Joaquin River but do not have significant amounts of selenium. Rice herbicides have been
a problem in the past but are now largely under control due to control programs developed by the
rice growers, the Department of Pesticide Regulation, and the CVRWQCB. The Sacramento River
also receives discharges from urban areas through wastewater treatment plants and urban
stormwater runoff, both subject to regulation under programs administered by the RWQCB.

" CALFED
—= BAY-DELTA 5-54
B, PROGRAM



Figure 5.62 Sacramento River Contributions to Delta Intake DOC in Dry Seasons of Dry Years
Period of Modeling: October 1991 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.63 Sacramento River Contributions to Delta Intake DOC in Wet Seasons of Wet Yea
Period of Modeling: October 1991 — December 2005 Source: DSM2 Fingerprint Output
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Figure 5.64 TOC at Hood by Season
Period of Record: 1997 —2006 Source: MWQI
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Figure 5.65 DOC at Hood by Season
Period of Record: 1997 —2006 Source: MWQI
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Figure 5.66 TOC at Hood by Month
Period of Record: 1997 —2006 Source: MWQI
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Figure 5.67 DOC at Hood by Month
Period of Record: 1997 —2006 Source: MWQI
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Mainstem and tributary concentration ranges are shown in Figures 5.68 — 5.71. Statistical
comparison tests (Mann-Whitney) between locations on the mainstem and between tributaries
within different water year and season types showed statistically significant differences between river
tributaries, with DOC medians from 1.3 to 1.9 mg/L, and drains, with DOC medians from 3.6 to
7.7 mg/L, while the mainstem stays generally similar, with statistically significant differences
occurring most frequently at locations upstream and downstream these tributaries.

Figure 5.68 Mainstem Sacramento River DOC in Dry Seasons of Wet Years
Period of Record: 1990 —2006 Source: Various*
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Figure 5.69 Sacramento River Tributaries DOC in Dry Seasons of Wet Years
Period of Record: 1996 —2003 Source: USGS, USFWS & UC Davis, SRWP
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Figure 5.70 Mainstem Sacramento River DOC in Wet Seasons of Wet Years
Period of Record: 1990 —2006 Source: Various*
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Period of Record: 1996 —2003 Source: USGS, USFWS & UC Davis, SRWP
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The WQP has focused funding ($7.7 million) on projects that investigate urban, range land, and
agricultural sources, demonstrate best management practices, and better characterize the loading
mechanisms of the Sacramento River. Upper watershed wash-out effects are unlikely to be cost-
efficient to control; but it is just as important to maintain this high quality source as it is to improve
lower quality sources. It is extremely challenging, costly, and time intensive to characterize sources
and determine the reductions and costs of control measures, but this needs to be part of any
program that strives to measure performance and progress in such a large and variable watershed.

Performance Metrics:
1. Running annual average of dissolved and total organic carbon concentrations and annual
frequency that concentrations are above 3, 6, and 7 mg/L in the Sacramento River near Hood. (level
3)
2. Work with CVDWP technical studies to determine if performance metrics are warranted
for subareas or sources within the Sacramento River watershed (level 3)
3. Project-level outcome water quality performance metrics on BMP categories, including
costs (level 2), and timing of metrics to correlate with level 3 measurements.

5.2.2.5 Additional Improvement Approaches

As discussed, reduction in organic carbon and nutrient concentrations at treatment plants using
Delta water could be achieved through regulation, control of sources in the watershed, changes to
water management (to avoid peak loads), or a combination of the three. The degree to which these
constituents can be controlled and at what cost is still being studied; as well as the degree to which
these constituents are needed by the Delta ecosystem. Another type of change, relocation of intakes
to Delta locations with higher quality water, could also be effective as long as the Delta and the
major water projects continue to be operated in a way that keeps water quality high at the new
location. The North of Delta Offstream Storage Reservoir project’s Initial Alternatives Information
Report suggests that intake management strategies could reduce the loading of organic carbon to
treatment plants, and that the timing of this reduction could also benefit Delta fisheries.

The peripheral canal is the ultimate expression of intake relocation, if all Delta intakes are connected
and assuming the canal bypasses the Delta altogether to an intake on the Sacramento River. This
would certainly eliminate the influence of sources in the Delta and San Joaquin River, again
represents the largest reduction in these constituents that is possible with a single project. This
approach is discussed further at the end of this chapter, under future conditions. If such an option is
pursued, maintenance of Sacramento River water quality and management of diversions for water
quality will be crucial components.

Performance metrics:
1. Running annual average organic carbon concentration at each of the five major Delta
intakes (put in Chapter 4)
2. Annual frequency that organic carbon is above 3, 6, and 7 mg/L at each intake

5.2.3 Nutrients

The plant nutrients addressed here include the nitrogen and phosphorus species: nitrate, nitrite,
ammonia, organic nitrogen (nitrogen species, reported as nitrogen content), orthophosphate, and
total phosphorous (phosphorous species, reported as phosphorus content). Nutrients support
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primary productivity in the Delta and can control productivity when other factors (i.e. light,
turbidity, temperature, micronutrients) are not limiting. Over productivity can lead to
eutrophication. The WQP funded the Central Valley Drinking Water Policy Technical Studies
(8970,000), a project developing the technical information to potentially regulate the Delta to protect
drinking water as a beneficial use. One component of this effort was development of a nutrients
conceptual model to capture existing information and guide future analyses. It is scheduled to
develop a basin plan amendment for consideration in 2009, the form of which is currently unknown.
The Conceptual Model for Nutrients in the Central Valley and Sacramento — San Joaquin Delta
(20006) is one of these drinking water policy technical studies. The majority of the nutrients effort by
the WQP during stage 1 has been through staff support of the Central Valley Drinking Water Policy
and through funding of research and implementation projects.

The WQP does not have a specific target for nutrients, but recognizes that nutrients play a critical
role in the growth of algae, which cause operational problems and result in taste and odor issues.
Nutrients may also stimulate growth of higher plants contributing to organic carbon loads.
Appendix D of the Water Quality Program Plan (an attachment to the CALFED Bay-Delta
Program’s Environmental Impact Report/Environmental Impact Statement) lists one nutrient goals
of 10 mg/L nitrate and no increase in nitrate levels, which both recognized the 1977 primary MCL
for nitrate and the fact that this regulatory nitrate level is too high to reduce algae concerns in
reservoirs. The US EPA is also in the process of developing ambient nutrient criteria across the
nation to address eutrophication; US EPA recommends that total phosphorus should be 25 pg/L or
less in ambient waters. Some algae and their toxins are on the US EPA’s Drinking Water
Contaminant Candidate List (CCL) and may be regulated in the future.

Uncontrolled growth of algae and macrophytes within drinking water conveyances and reservoirs
can reach levels that cause taste and odor in drinking water, add organic carbon, obstruct water
conveyance facilities, clog filters and increase the quantity and expense of handling solid waste from
the treatment process.”” The most commonly reported taste and odor compounds are 2-
methlyisoborneol (MIB) and geosmin, released from decaying algae species; these are detectable by
the general population at concentrations of 10 ng/L.

Data for nutrients are uneven and sparse across the Delta watershed. Algae is not monitored at
intakes, but some chlorophyll-a data (a measure of algae concentration) is available in the Delta
watershed, and more sampling does occur within drinking water conveyances and reservoirs,
discussed in Chapter 6 and Appendix E.

5.2.3.1 Nutrients at Delta Intakes

Nutrients originate from a variety of locations and activities in the Delta and its watershed and vary
under different hydrological conditions. Nutrient data has been less consistently collected for Delta
intakes than for bromide or organic carbon. Table 5.3 presents information - the median and
maximum values at Delta intakes, as well as data from the Sacramento River at Hood and the San
Joaquin River at Vernalis. Figures 5.72 — 5.73 present the available nutrient data at Banks.

Anthropogenic sources and drivers are more numerous and varied, primarily related to land
management for agriculture, forestry, urban development and wetlands. Nutrients are transported to
water ways through water application, either natural precipitation or from anthropogenic activities.
A conceptual model specifically for nutrients and the nutrient algae cycle as it relates to drinking
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water quality has not yet been developed. Nutrient species and algae production are not numerically

modeled with a Delta scale model, due to the complicated dynamics of this cycling and its

interaction with the food web. Smaller scale numerical models of these processes are being piloted

within the Stockton Deepwater Ship Channel Dissolved Oxygen project.

Table 5.3 Nutrient® Statistics at Delta Intakes and Major Tributaries

Intake Period Number of | Median | Max-
samples (n) imum
H.O. Banks
Dissolved Nitrate, mg/L as N 1990-2006 | 145 2.6 8.0
Dissolved Ammonia, mg/L as N 1991-2006 | 122 0.05 0.22
Total Kjeldahl Nitrogen, mg/L 1997-2006 | 109 0.4 1.0
Orthophosphate, mg/L as P 1997-2006 | 110 0.07 0.16
Phosphorus, mg/L 1997-2006 | 110 0.1 0.28
Delta Mendota Canal (Tracy)
Dissolved Nitrate, mg/L as N 1990-1999 | 50 3.1 9.6
Dissolved Ammonia, mg/L as N 1991-1997 | 17 0.07 0.2
CCWD Old River
Dissolved Nitrate, mg/L as N 1990-2006 | 128 1.9 9.5
Dissolved Nitrite + Nitrate, mg/L as N 1996-2006 | 52 0.42 1.4
Total Phosphorus, mg/L 2002-2006 | 49 0.08 0.16
CCC (Rock Slough)
Dissolved Nitrate, mg/L as N 1990-1991 | 14 1.2 4.9
NBA (Barker Slough)
Dissolved Nitrate, mg/L as N 1990-2006 | 139 1.2 8.8
Dissolved Ammonia, mg/L as N 1991-2006 | 118 0.03 0.21
Total Kjeldahl Nitrogen, mg/L 1997-2006 | 108 0.6 2.0
Orthophosphate, mg/L as P 1997-2006 | 108 0.09 0.25
Total Phosphorus, mg/L 1997-2006 | 108 0.19 0.63
Sacramento R at Hood
Dissolved Nitrate, mg/L 1997-2006 | 238 0.5 12.4
Dissolved Ammonia, mg/L as N 1998-2006 | 52 0.24 0.84
Orthophosphate, mg/L as P 2002-2006 | 49 0.05 0.11
Total Phosphorus, mg/L 2002-2006 | 49 0.09 0.17
San Joaquin R at Vernalis
Dissolved Nitrite + Nitrate, mg/L as N 1985-2004 | 344 1.6 5.3
Dissolved Ammonia, mg/L as N 1985-2004 | 344 0.04 0.68
Total Kjeldahl Nitrogen, mg/L 1985-2003 | 333 0.7 2.9
Orthophosphate, mg/L as P 1985-2004 | 344 0.11 0.42
Total Phosphorus, mg/L 1985-2004 | 291 0.12 0.46
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Figure 5.72 Nitrogen Species at Banks
Period of Record: 1990-2006 Source: MWQI
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Figure 5.73 Phosphorus Species at Banks
Period of Record: 1997-2006 Source: MWQI
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There is far less data available to explore the nature of nutrients and algae blooms at Delta intakes
than there is data for bromide and organic carbon. The limited data obtained is shown in Figures
5.74 — 5.78 for nitrate, ammonia, total kjeldahl nitrogen (TKN), orthophosphate, and total
phosphorous. The nutrients conceptual model found that total nitrogen is dominated by nitrate, and
total phosphorus is largely orthophosphate. No chlorophyll-a data was found for Delta intakes, and
chlorophyll-a, as an indicator of algae, was not examined in the nutrients conceptual model.
Interviewed WTPs indicated that algae problems can occur from the spring to the fall, the WQP did
not investigate nutrient data availability in the interior Delta or drinking water conveyances.

The conceptual models developed for the Central Valley Drinking Water Policy present all of the
available data for the Delta watershed and calculate loading estimates for organic carbon, nutrients,
and pathogens. The CALFED Water Quality Program Assessment Report (2005) contains time
series of this data as well, in Chapter 2. The graphics in these reports are not copied here; a few
selected illustrations are included and referenced accordingly. The nutrients conceptual model
observes that Banks and Vernalis tend towards phosphorus limitation, while the Hood location
tends toward nitrogen limitation. The nutrients conceptual model also observes that average
concentrations of total nitrogen and nitrate + nitrite-N at Banks lie between San Joaquin and
Sacramento concentrations, while ammonia-N and TKN average concentrations at Banks are below
levels in both rivers.

Figure 5.74 Nitrate at Delta Intakes
Period of Record: 1990-2006 Source: MWQI, CCWD
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Figure 5.75 Ammonia at Delta Intakes
Period of Record: 1991-2006 Source: MWQI, CCWD
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Figure 5.76 Total Kjeldahl Nitrogen at Delta Intakes
Period of Record: 1997-2006 Source: MWQI, CCWD
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Figure 5.77 Orthophosphate at Delta Intakes
Period of Record: 1997-2006 Source: MWQI, CCWD
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Figure 5.78 Total Phosphorus at Delta Intakes
Period of Record: 1997-2006 Source: MWQI, CCWD
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5.2.3.2 Nutrients from Delta Lands and Wetlands

The nutrients conceptual model indicates that in-Delta sources of nutrients are less significant, with
little variability in concentrations, Figures 5.79-5.80. There is still much that is unknown about
nutrients and their sources in the Delta, both for drinking water and for ecological primary food web
production. Delta island drainage is generally not monitored for flow volumes, so accurate loading
information is spotty. We currently lack data and modeling tools to further refine information on the
sources of nutrients to Delta intakes. Some additional data is being collected through the Central
Valley Regional Water Board’s Irrigated Lands Program. State funds that are granted or loaned for
in-Delta projects could also include requirements for water quality and flow monitoring.

There is currently not enough information to identify appropriate initial performance metrics.
5.2.3.3 Nutrients from the San Joaquin River

Nutrients from the San Joaquin River are thoroughly explored in the Nutrients Conceptual Model.
Portions of Figures 3-25 and 3-27 are reproduced as Figures 5.81 to show concentrations of nitrate
+ nitrite and total phosphorus in the San Joaquin River. In the San Joaquin, NO3+NO2-N first
increases then decreases after Crows Landing, possibly due to either fresh water dilution or algae
uptake. The Merced River, followed by the Tuolumne River has the highest NO3+NO2-N
concentration flowing into the San Joaquin (nitrogen data was not available upstream of the
Merced/San Joaquin confluence). Total Phosphorus, on the other hand, does not vary to the degtee
that nitrates do, but the median concentration is well above the 25 pg/L recommended to prevent
eutrophication in ambient waters, as well as above the 100 pg/L recommended to protect drinking
water treatment from interference with coagulation. An EPA (2001) funded study providing
foundational information for development of nutrient criteria estimated that healthy streams
(reference streams) in the Central Valley should have total N concentrations in the range of .31 to
40 mg/L . This is similar to literature threshold values for preventing nuisance conditions (0.25 to
1.5 mg/L total N).

The nutrients conceptual model suggests that nutrient loads from the San Joaquin River are
dominated by agricultural land use in wet years and by wastewater discharges in dry years. These
loads were calculated in the conceptual model based on literature-based export rates and land use
maps, Figures 5.82 — 5.83 (wet year information shown, dry year can be found in the Conceptual
Model). Concentrations of total nitrogen (TN) and total phosphorus (TP) show no significant inter-
seasonal differences, though the highest concentrations of TN occurred in wetter months. The
nutrients conceptual model suggests that the predominant species of nitrogen is nitrate (NO3), of
which there is also the greatest amount of data. The difficulty with assessing nutrients is that they
play an important role in algae dynamics, so a sample that results in minimal concentrations of
dissolved nutrients may indicate the presence of an algae bloom rather than the absence of nutrient
sources and samples with high particulate nutrients can be directly from sources or tied up in the
food web. Chlorophyll-a data at Vernalis suggests that the San Joaquin River has more algae than the
Sacramento River at Hood or Martinez, Figure 5.84. Higher concentrations and peaks are observed
during the warmer summer months over the year monitored. Additional targeted data collection
would enable a more accurately characterize stream loads and to better understand nutrient sources.
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5.79 Nitrate (as N) Concentrations in Delta Agricultural Drainage (Figure 5-11 in Nutrients Conceptual
Model)
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5.80 Seasonal Variations in Delta Agricultural Drainage Nitrate (as N) Concentrations (Figure 5-12 in
Nutrients Conceptual Model)
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Figure 5.81 Concentrations of NO3+NO2 and TP in the San Joaquin River (excerpted from Figures 3-
25 and 3-27 of the Nutrients Conceptual Model)
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The WQP has funded 15 projects, for more than $10 million to address nutrients in the San Joaquin
Valley. The CALFED Ecosystem Restoration Program has worked with the Central Valley Regional
Water Quality Control Board to investigate sources of nutrients and nutrient cycling in the lower
San Joaquin River, related to resolved dissolved oxygen depletion in the Stockton Deepwater Ship
Channel.

There is currently not enough information to identify appropriate initial performance metrics;
additional monitoring and research studies are needed.
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Figure 5.82 The Nutrients Conceptual Model calculated total nitrogen loads by source and by a mass balance of ambient data

(Figure 4-39)
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Figure 5.83 The Nutrients Conceptual Model calculated total phosphorus loads by soutrce and by a mass balance of ambient
data (Figure 4-41)
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Figure 5.84 Chlorophyll-a at San Joaquin River at Vernalis, Sacramento River at Hood and Martinez
Period of Record: 1998-2006 Data Source: Interagency Ecological Program
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5.2.3.4 Nutrients from the Sacramento River

Nutrients from the Sacramento River are thoroughly explored in the Nutrients Conceptual Model.
The model reports that nutrient concentrations in the Sacramento River increase as water flows
downstream, Figure 5.85. According to the conceptual model, the Sacramento River at Hood has
higher ammonia-N concentrations than the San Joaquin River at Vernalis, but far lower
concentrations of nitrate, nitrite and total nitrogen. There are also major differences in the patterns
of loading between the Sacramento River and the lower San Joaquin River: the Sacramento River
begins with low concentrations below Shasta Reservoir and concentrations increase with additions
from point and nonpoint sources within the watershed whereas the San Joaquin River below Sack
Dam is dominated by agricultural and managed wetland discharges which are then diluted by higher

quality tributary rivers.

Phosphortus is particular low upstream in the Sacramento River and increases significantly through
contributions from wastewater discharges, urban runoff and agriculture (most clearly near Colusa
and Hood). The model also calculates nutrient loads based on literature-based export rates and land
use maps, Figures 5.82 — 5.83; suggesting forest/rangelands (low concentration, high volume) and
point sources (high concentration, low volume) contribute the greater percentage of nutrient loads
to the Sacramento River. Concentrations of total nitrogen (TN) and total phosphorus (TP) show no
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significant inter-seasonal differences, though the highest concentrations of TN occur in wetter
months and TN is more variable in the Sacramento River than the San Joaquin River. The nutrients
conceptual model suggests that the predominant species of nitrogen is nitrate (NO3), of which there
is also the greatest amount of data. Chlorophyll-a data at Hood suggests that the Sacramento River
has lower levels of algae than at Vernalis, Figure 5.84. Additional targeted data collection would
enable a more accurately characterize stream loads and to better understand nutrient sources.

The WQP has funded 5 projects, for $9.2 million to address nutrients in the Sacramento Valley.

The Issues with Delta Drinking Water Treatment Report identified nutrient/algae cycling in the
South Delta and Clifton Court Forebay as a priority; both the Delta Drinking Water Quality Study
(Appendix E) and the 2006 Update of the SWP Sanitary Survey reiterate this priority. Evidence
suggests that nutrients and algae will increasingly challenge treatment plant operations. Most
proposed projects for conveyance and storage have not quantitatively evaluated their effects on
organic carbon and nutrients.

There is currently not enough information to identify appropriate initial performance metrics;
additional monitoring and research studies are needed.
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Figure 5.85 Concentrations of NO3+NO2 and TP in the Sacramento River (excerpted from Figures 3-

25 and 3-27 of the Nutrients Conceptual Model)
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5.3 Pesticides, Emerging Contaminants

Pesticides and emerging contaminants were identified in the Water Quality Program Plan as
constituents for the WQP to monitor, though pesticides were generally found to be below levels of
concern to drinking water. According to the 2006 Update of the SWP Sanitary Survey and the
constituent prioritization process completed by the Central Valley Drinking Water Policy, pesticides
are still below levels of concern.

Emerging contaminants refer to personal care products and pharmaceuticals that end up in
municipal wastewater and other discharges which have the potential to occur in drinking water.
National and European studies have documented their occurrence in the water environment, but
little is understood about their impacts on human health. There are a number of potential pathways
for these contaminants in the Delta. The 2006 Update of the SWP Sanitary Survey contains a good
overview of the current state of knowledge of types, occurrence, health risks, and regulations related
to emerging contaminants. The state of science is still in the very early stages, with most research
and discussions occurring at the national level. Currently, there is therefore no compelling evidence
for the WQP to take any specific actions related to pesticides or emerging contaminants during
Stage 2.

5.4 Future Conditions in the Delta

In late 2005, the CALFED Science Program convened a Delta Science Panel in advance of the Delta
Vision Process. The Science Panel produced a report in June of 2006 that describes the “solution
space” of a future Delta, key areas of certain future risks or “drivers of change”, and
recommendations for grounding the Delta Vision Process in science. The identified “drivers of
change” are discussed here in respect to their potential impacts on the Delta as a drinking water
source. The biggest uncertainty of the described conditions is their timing. Many of these factors will
not directly affect Delta water quality during Stage 2 of the WQP, but they should be factored into
the ultimate strategy of the WQP.

The Delta Science Panel and Delta Vision Process were prompted by two serious events in late
2005. One was the drop in Delta smelt sampled during the seasonal midwater trawl; the other was
the devastation of levees in New Ofrleans. The Delta is currently managed as a fresh water source for
irrigation, municipal, and industrial uses across the state, with some conditions imposed over the last
two decades to protect fish. The CALFED Bay-Delta Program was established to improve
conditions for water quality, water supply, levee stability, and the ecosystem in the Delta.

Climate Change

The CALFED Delta Science Panel identified sea level rise and regional climate change as two
“drivers of change”. These changes have not been well quantified, so they can only be discussed
here in qualitative ways. Regional climate change could result in changes to precipitation patterns
across the state. Currently and over the past hundred plus years, the largest amount of precipitation
falls as snow in the Sierra mountain ranges, serving as de facto water storage, and working with the
state and federal storage and conveyance system. Regional climate change could result in shorter,
more intense precipitation events at lower elevations, reducing the opportunities for storing water in
upstream reservoirs. A flashier hydrology may increase the loading of organic carbon to the Delta
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from the Sacramento River, or may result in longer stretches of drier periods leading to less frequent
wash out events with higher organic carbon loads. Lower water storage volumes also affect the
projects’ ability to provide fresh water Delta inflows to repulse seawater intrusion. Regional climate
change has the potential to overwhelm actions to reduce constituents of concern in the Delta
watersheds.

Another aspect of climate change is sea level rise, the increase in sea level elevations across the
globe. At this point in time there are ranges of modeled predicted changes in elevation, but no
Delta-region models to translate this into local information. Since seawater intrusion is driven by
hydraulics as well, and this sea level rise means there is more ocean water to intrude into the Delta.
Combined with reducing freshwater inflows, repulsion of seawater intrusion while maintaining a
fresh water corridor could grow increasingly difficult as well. The difficulty of assessing these
conditions lies in not knowing the degree or time frame of such events, while desiring to make cost-
effective and lasting improvements in drinking water quality.

Population Increases

The CALFED Delta Science Panel also identified population growth as a “driver of change”, both
as demands increase upon the Delta to provide drinking water and as the Delta itself transitions to
urban land use. Population increases leading to demand increases fall more generally into
CALFED’s water supply reliability objective, but water supply reliability is also intricately linked with
water quality. Population growth within the Central Valley has long been a concern for Delta
drinking water quality; it drives land transformations from pervious agricultural to impervious urban,
has the potential to increase diversions from the upper watershed, and increases wastewater
discharges into the upper watershed. All of these activities have the potential to increase average
concentrations of drinking water constituents of concerns. The California Department of Finance
projects that California will grow from a current population of 39 million (2010) to 59.5 million by
2050: the Central Valley will grow by 88%, whereas the areas served by the Delta will grow by 47%.

5.5 Stage 2 Priorities for the WQP

One concern expressed by stakeholders is the ability to implement strategies in a way that is timely
in addressing future conditions. The challenge for the WQP is to prioritize and implement actions
that provide broad benefits and are durable and timely. In Stage 1, this has included source water
quality improvements, localized source water quality improvements, and treatment technology
studies. Attempting to move to a performance-based accounting in Stage 2, in such a vast, highly
variable watershed will be more challenging as these future conditions take effect.

For stage 2, the WQP should develop specific priorities to address the potential impacts of future
conditions:

1. Support the development of better descriptions of these future conditions so they can be
assessed and considered during implementation of Stage 2.

2. Support the development of a numerical model for water quality and water supply
through the Delta system that has the ability to model population changes, demand
pattern changes, sea level rise, and regional climate change effects on drinking water
constituents of concern.
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Use these models to guide the development and implementation of source water
improvement actions, the use and assessment of performance metrics, and explore the
sensitivity of Delta intakes to various sources and future conditions’ end points.

Retain economic expertise to advise on the development of performance metrics and on
the development of guidance to evaluate the cost-effectiveness of source improvement
actions.

In performance measures, develop and include metrics to evaluate the effects of drivers
of change.

Consider legislation to regulate and/or fund actions to implement best management
practices in new urban developments to reduce urban runoff or improve the water
quality of urban runoff.

The other major influence on Stage 2 Actions will be the decision on Delta conveyance. There has
been public discussion and debate on revisiting the peripheral canal, or isolated facility, or some
other significant change to water supply conveyance through the Delta. This decision will be
dependent on more considerations than just drinking water quality, and should be based on an
integrated consideration of the Delta and its desired values. The historic circumstance of the Delta

as a shared

resource has ensured that all its values have been given some consideration, although

none to the desired degree of its proponents.

For this report, the WQP is identifying the factors that are important to drinking water quality when
considering the changing water supply conveyance through or across the Delta:

1. There are six existing intakes that receive water conveyed through the Delta and two
additional intakes planning to do the same.

2. Only a portion of this water is used for drinking, other portions are used for domestic,
industrial, commercial, landscaping, and agricultural purposes, which may have different
water quality considerations.

3. 'The multiple barrier approach should be used to protect drinking water under any
scenario.

4. Drinking water quality in the Delta has historically focused on salinity, but needs to
focus on a broader spectrum of parameters to avoid redirected water quality impacts and
to understand impacts on the recipient water treatment plants.

5. Monthly sampling may not be adequate to understand water quality conditions at a
location.

6. The variability of the Delta will change with climate change and with food web changes,
these changes need to be better understood.

7. Restricting intakes to a smaller watershed increases the importance of source control
within the watershed, as well as the importance of understanding sources that cannot be
controlled and should instead be managed for.

8. Solutions should incorporate uncertainty, and maintain or increase flexibility to manage
for water quality and water supply.
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Information on the DSM2 model can be found at

http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/index.cfm. Fingerprinting can be done for
any node within the DSM2 model.

Information on model validation can be found at
http://modeling.watet.ca.gov/delta/studies/validation2000/ and an ionic composition validation is
presented at http:/ /www.cwemf.org/Asilomar/PaulHuttonPresentation.pdf.

2006 Update of the SWP Sanitary Survey.

Percent contributions of EC concentration were computed based on modeled EC output at the intake
and for each individual source.

http://www.storage.watet.ca.gov/docs/ NODOS_IAIR.pdf

Clifton Court Forebay, Tracy Pumping Plant, Old River Intake, and proposed Old River intake on
Victoria Canal.

Jack R. Benjamin & Associates, Inc. et al, 2005.

http:/ /www.waterrights.ca.gov/baydelta/2006controlplan.html
http://www.waterboatds.ca.gov/centralvalley/water_issues/basin_plans/index.html
Central Valley RWQCB, Salinity in the Central Valley—an Overview. May 2006.
2006 Update of the SWP Sanitary Survey.
http://www.usbr.gov/mp/sccao/sld/index.html

Figure 2-11 in the CALFED Water Quality Program Assessment Report, 2005.
http://www.usbr.gov/mp/ptms/index.html

Based on July 31, 2007 presentation by Contra Costa Water District to the BDPAC Water Quality
Subcommittee.

The Municipal Water Quality Investigations Program, Summary and Findings from Data Collected October 2003
throngh September 2005.

2006 Update of the SWP Sanitary Survey.

Measured with EPA 415.1 Oxidation method, duplicate samples on a single day were averaged before the
median was calculated.

Maximum reported value is 19.9, second highest is 8.6.

Water Quality Investigations of the Barker Slough Watershed, 1997-2001. May 2002. DWR.

Issues with Delta Drinking Water Treatment, 2005 and Appendix E, 2007.

2006 Update of the SWP Sanitary Survey.

Conceptual Model for Organic Carbon in the Central Valley and Sacramento-San Joaquin Delta, 2006.
Fleck, et al, 2007.

Conceptual Model for Nutrients in the Central Valley and Sacramento-San Joaquin Delta, 2006.

Based on Fischer Delta Modeling conducted by Conra Costa Water District and presented to the
BDPAC Water Quality Subcommittee on September 18, 2002.

http:/ /www.calwater.ca.gov/BDPAC/Subcommittees/DrinkingWater/Water_Quality_Benefits_9-18-
02/Water_Quality_Benefits_9-18-02_files/frame.htm
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http:/ /www.wq.water.ca.gov/docs/mwqi_pubs/ModelingReport.pdf

Dry years were defined as Critical, Dry and Below Normal. Wet Years defined as Above Normal and
Wet. Year definitions based on San Joaquin River Index as described in State Water Board Decision
1641.

Dry season was defined as May through October; wet season was defined as November through April.

Data obtained from USGS, MWQI, United States Fish and Wildlife Service/University of California
Davis Nutrient Study, DWR Dissolved Oxygen Study, and USGS Dissolved Oxygen Study.

Data obtained from USGS, United States Fish and Wildlife Service/University of California Davis
Nutrient Study, San Joaquin River Agricultural Monitoring Program, Lawrence Berkeley National
Laboratory Dissolved Oxygen Study, and USGS Dissolved Oxygen Study.

Data obtained from the Department of Water Resources’ Water Data Library and the Bay-Delta and
Tributaries Database, the USGS, the USFWS/UC Davis Nuttrient Study, the Sacramento River
Watershed Program, and the Sacramento Regional County Sanitation District’s Coordinated Monitoring
Program

Data obtained from the DWR Water Data Library. Dissolved ammonia measured using EPA Method
350.1, dissolved nitrate measured using a modification of EPA method 353.2, Total Kjeldahl Nitrogen
measured using 351.2, dissolved nitrite + nitrate measured using Std Method 4500-NO3-F Modified,
dissolved orthophosphate measured using EPA method 365.1 (DWR Modified), orthophosphate
measured using Std Method 4500-P, F, and total phosphorus measured using EPA method 365.4.
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Chapter 6: Treated Delta Drinking Water Quality

Although the CALFED Water Quality Program (WQP) has spent
considerable time and effort discussing the interpretation of “an
equivalent level of public health protection” (ELPH), it has only
recently begun to assess ELPH quantitatively. Chapter 2 of this report :
discusses the framework of drinking water regulation and the background of this target. Chapter 3
describes the factors in addition to source water quality that influence treated water quality. Chapter
4 takes an initial look at the status of ELPH, through the use of targets that were the basis of source
water targets and through an assessment of program implementation. Chapter 4 illustrates the
current difficulty in obtaining data to assess the ELPH targets and in better defining these targets to
represent the role of Delta water quality in treatment. Assessing endpoints alone do not allow the
WQP to understand the changes in water quality as it is conveyed, stored, and/or blended, and
therefore limit the program’s ability to strategically identify and prioritize Stage 2 actions.

This chapter is a synthesis of the information available to and developed by the WQP on water
quality as it is conveyed, stored, and treated across the CALFED solution area. Treatment
information development began with the 2005 report “Issues with Delta Drinking Water
Treatment,” presenting a qualitative look at a small subpopulation of treatment plants and their
ability to meet WQP treating Delta water. In late 2005, the WQP accelerated these efforts which
culminate in this chapter and in Appendices D and E. This chapter also makes recommendations for
continuing these efforts in Stage 2 to increase the number of treatment plants included in the
assessment of treated water targets. Information on water quality changes through conveyance and
storage is from the technical analysis presented in the 2006 Update of the State Water Project (SWP)
Sanitary Survey and information on water quality at existing intakes in the Delta was developed from
publicly available data.

In 2006 WQP and California Department of Health Services — since July 2007 the California
Department of Public Health (CDPH) - staff began exploring centrally collected treatment plant
data at the CDPH to determine if the range of treatment plants could be better defined and whether
it is possible to represent the entire population of water treatment plants (WTP) and their data with
a smaller sample of WTPs. The details of this investigation are presented in Appendix D. At the
same time, the US Bureau of Reclamation and the CALFED Science Program provided crucial
funding to support a quantitative study of a smaller sample set (ten treatment plants). The report on
this study is attached as Appendix E. Together, these two appendices represent a significant portion
of the new information developed for this report.

The focus of this work was to identify and quantify the linkages between ELPH targets and source
water quality. The science of these linkages is known to various degrees, but the specific operational
experiences with Delta water have not been assessed or quantified by the WQP, its implementing
agencies, or its stakeholders. Scientific understanding of disinfection by-product (DBP) formation is
still relatively young, and much remains to be learned about DBPs, their precursors, their reactions,
and their interactions. A good supplement to this general understanding is the examination of
practical applications and experiences. The conceptualization and systematic quantification of target-
related data will also help establish a framework for future work on additional constituents of
concern.
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This Chapter pulls together the highlights of the studies attached as Appendices D and E, along with
information from the 2006 Update of the SWP Sanitary Survey and several treatment technology
studies funded by the WQP, Table 6.1. Running annual averages and averages are generally higher
than medians. Medians are a statistical method for presenting non-parametric data (which water
quality data generally is), while running annual averages are used to regulate treated water quality.
Due to differences in time periods used to evaluate data, treated water data from the nine WTPs in
the Delta Drinking Water Quality Study do not represent the full range of source water quality
conditions.

Table 6.1 Data Sources and their Time Periods

Study Time Period Representative value | Source Data Chapter/
Appendix
CDPH Database | Varies, Medians, Available WTPs Appendix D
Analysis within 1990- | maximums within identified (contains key to
2006 region WTP codes)
Delta Drinking 2004-2006 2-year averages, Direct from Appendix E
Water Quality running annual WTPs
Study averages, quarterly
averages
2006 Update of | 2001-2006 Medians, Publicly available | Separate study
the SWP Survey maximums data
WQP target 1990-2006 Running annual Publicly available | Chapter 4
analysis averages data, data from
Contra Costa
Water District
Delta watershed | 1990-2006 Medians, Publicly available | Chapter 5
water quality maximums, data, DWR
analysis interquartile range | modeling results

6.1 The Nature of Treating Delta Water

Characterizing the treatment of Delta water is no small task. WTPs in California can distribute
treated water directly to customers, to other utilities for distribution to customers, or a combination
of both. This institutional structure is not captured in any centralized way by a state agency; the
CDPH tracks only the number of customers directly served by a treatment plant. The CDPH also
tracks the source waters used by that treatment plant and some water quality samples for both
source waters and treated water; it does not, however, track the percentage or timing of source water
use. Therefore, the WQP was not able to develop information on the population being served Delta
water. The number is generally estimated at approximately 23 million people, but this includes a
population that relies on some blend of supplies that includes the Delta.

There are hundreds of water systems that use the Delta, the Delta’s tributaries, the SWP, and the
Federal Water Project (CVP) as their water supplies. Figure 6.1 is a map of the identified populations
for these systems. Appendix D describes the process used to identify 54 WIPs throughout the
CALFED solution area and Appendix E documents a detailed study of nine of those plants.
Information from the 54 WTPs are used to describe attributes of the treated water quality regions
defined in this chapter, information from the nine treatment plants highlight specific regional
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characteristics related to treating Delta water. Table 6.2 describes the composition of WTPs within
the WQP-defined four regions of the CALFED solution area.

Figure 6.1 Population of WTPs using water from the Delta and its watersheds (incomplete data)
Source of Data: CDPH database (retail connections), Southern California Draft Regional Water Quality Management
Plan
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A survey of the 54 utilities was conducted to collect some additional information that was not
available through the CDPH database or CDPH district engineers; one of the survey questions
related to the percentage of Delta water used by each plant. Figure 6.2 illustrates the results of this
survey question, which had a 60% response rate. When the ten plants were selected for further
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study, priority was given to those WTPs that treat 80-100% of Delta water (plus WTPs in the Delta
watershed). Water taken from tributaries or Sierra reservoirs was not classified as Delta water.

Table 6.2 Composition of Treatment Plants with WQP-Defined Regions

No. of Plants in | No. of Plants
Region CDPH database | in DWQ Study | Source of Water
(54 total) (10 Plants)

Watershed 17 2 Tributaries to the Sacramento-San
Joaquin Delta, including Sierra tributary
reservoirs

North Bay 6 1 Barker Slough, Sacramento River

Aqueduct

Delta 9 4 Delta, South Bay Aqueduct, and City of
Tracy (through Delta Mendota Canal)

California 22 3 California Aqueduct south of the San

Aqueduct Luis Reservoir complex

The range in sizes of the 54 treatment plants was also examined, seen in Figure 6.3, to include
relatively smaller treatment plants in the more detailed study. The 2005 WQP qualitative treatment
study indicated that small treatment plants are especially challenged to keep up with treatment
regulations and to stay abreast of research. The City of Coalinga was identified for inclusion in the
detailed treatment study, but was unable to participate due to resource limitations. Smaller treatment
plants perhaps benefit the most from source water quality improvements that improve their ability
to meet treated water regulations.

Aspects of the treatment processes related to DBP precursor removal and by-product formation
were explored along with differences in Delta intake water quality and changes to that water quality
as it is conveyed to treatment plants. Of the 54 WTPs, the majority use conventional treatment
processes and chlorine as their primary disinfectant, as illustrated in Figures 6.4 and 6.5. Direct
filtration is employed only in watershed plants (the Central/South Delta plant in Figure 6.4 is
currently converting to a conventional process) because the source water quality in the Delta and
NBA require more substantial treatment. Membranes are being employed on a limited basis as their
ability to treat Delta water becomes better demonstrated. The WQP has funded studies of
membrane filtration of Delta water.

As a result of the 2001 stricter regulation of total trihalomethanes (TTHMs) - from 100 pg/L to 80
pg/L - many WTPs now add ammonia to form chloramines in the distribution system. Now that
regulations are moving away from distribution system-wide averaging to locational averaging, some
WTPs are in the process of planning and implementing ozone as an additional disinfectant to
further reduce TTHM formation. Until ozone becomes more widespread, it will be challenging to
assess the status of the ELPH bromate target (bromate can be a byproduct of ozone). The WQP has
funded studies of alternative disinfection, including ultraviolet radiation, as well as processes to
suppress the formation of bromate.
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Figure 6.2 Percentage Delta Water Used by Region (54 Study WTPs)
Source of Data: CDPH Database, CDPH District Engineers, Survey Returns
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Figure 6.3 Plant Size Distribution by Region (54 Study WTPs)
Source of Data: CDPH Database, CDPH District Engineers, Survey Returns
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Figure 6.4 Regional Distribution of Filtration (54 Study WTPs)
Source of Data: CDPH Database, CDPH District Engineers, Survey Returns
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Figure 6.5 Regional Distribution of Disinfection (54 Study WTPs)
Source of Data: CDPH Database, CDPH District Engineers, Survey Returns
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6.2 Linking Treated Water Quality to Source Water Quality

The WQP developed a conceptual model diagram to describe the drivers and outcomes of treated
drinking water quality, with respect to the drinking water constituents of concern, shown as Figure
6.6. Through the centralized CDPH database and the focused study of nine plants, data on the
identified drivers and outcomes were collected. Hypotheses on the linkages between drivers and
outcomes were developed and tested.

Figure 6.6 Treated Drinking Water Quality Conceptual Model Diagram

Key: Blue arrows = dtivers / potential management actions
Yellow atrows = drivers (uncontrollable factors)
Green = outcomes
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An example of the linkage between source water quality and treated water quality is the connection
between pathogens in source water and DBPs. Currently plants are required to monitor their sources
tor Cryptosporidinm to determine if additional treatment or watershed protection is required.
According to the 2006 Update of the SWP Sanitary Survey, all of the regions that have completed
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monitoring will not require additional log removal credits, so their current levels of disinfection are
adequate. This is important to the CALFED water quality goals because increases in disinfectant
levels can translate into increases in disinfection byproducts. Also, because the ten treatment plants
selected for closer examination treat close to 100% Delta water, salinity is either unchanged or
slightly increased from source to treated water, unless the plant has a reservoir prior to the plant that
attenuates (Castaic Lake) or manages (Del Valle Lake, Los Vaqueros Reservoir) the salinity.

The linkages that the WQP are especially interested in are those between DBPs and their precursors,
under the different treatment scenarios used to treat Delta waters. The current WQP source water
targets of 50 ug/L bromide and 3 mg/L total organic carbon (TOC) as running annual averages are
theorized to ensure that every treatment plant would meet treated water targets. The “equivalent
level of health protection” linkage to the WQP source water targets recognized that improvements
could be made in conveyance and storage of Delta water, in management of water supplies, and in
treatment processes to achieve the treated water targets without achieving the source water targets.

WQP funded studies in the Delta have focused on the comparison of organic carbon measures
(specific ultraviolet absorbance (SUVA), TOC, dissolved organic carbon (IDOC), and UV
absorbance at 254 nm (UVA254)) with a test for “Trihalomethane Formation Potential”, where raw
water is reacted with chlorine or ozone and correlations established between organic carbon and
disinfection byproducts. This research should continue in order to identify the specific
characteristics of organic carbon that lead to DBP production, and thus prioritize sources of organic
carbon for reduction in the watershed.

As a first step in looking at precursors and disinfection by-products, CDPH data for the 54
treatment plant was mined for paired data of TTHMs and five haloacetic acid species (HAA5s) with
TOC and bromide data. The largest amount of data was available for TTHMs and TOC, plotted in
Figure 6.7, but showing no clear patterns (other than the low TOC and TTHMs for the watershed
region), probably due to the confounding role of bromide in TTHM production and the less than
perfect characterization of organic matter by the measure of TOC. The CDPH data is presented
without identifying specific plants, in order to examine data by region. Appendix D includes a key
that states which WTPs are represented by codes in each figure.

The CDPH database also contains data for the individual species of TTHMs (bromodichloro-
methane, bromoform, dibromochloromethane, and chloroform) and HAAs (dichloroacetic acid,
trichloroacetic acid, monobromoacetic acid, monochloroacetic acid, and bromochloroacetic acid)
which are formed through the reaction of organic carbon with chlorine and/or bromine. Analysis of
the available data showed an increasing occurrence of brominated species of TTHMs in the Delta
and California Aqueduct regions when compared to the Watershed and North Bay Aqueduct
regions; whereas HAA data suggested no patterns related to the precursors (Figures 67-75 in
Appendix D).

Within the detailed study of the nine treatment plants, DBP data was obtained from the sample
point closest to the outlet of the plant. Currently, the CALFED WQP is interpreting an “equivalent
level of public health protection” as the treated water quality produced by a water treatment plant,
rather than at the monitored locations throughout the distribution system. Within the Delta
Drinking Water Quality Study (Appendix E), speciated DBP data was requested in order to look at
the role of bromide in the formation and concentrations of DBPs. Plants employing ozone generally
achieve lower DBPs in their treated water, but can experience DBP production within the
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distribution system where the water reacts with the additional chlorine or chloramines added to
maintain a disinfectant residual.

Figure 6.7 TOC as a Source of TTHMs
Period of Record: 1990 — 2006 Source: CDPH Database
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When comparing TOC concentrations of source water to TTHMs and HAAS5s for the seven study
WTPs for which data was obtained, there was no clear correlation, Figure 6.8. One quarter of
speciated DBP data available for seven of the study plants is illustrated in Figure 6.9. All of the
plants for which speciated data was available had relatively low DBP concentrations, a reexamination
of Figures 4.7 through 4.9 shows that bromide and total organic carbon in the Delta was relatively
low. The plants employing ozone (CCWD Bollman WTP, ACWD WTP # 2, and CLWA Earl
Schmidt Filtration Plant) had the lowest DBP concentrations among the Delta water users studied.

Representatives of a few of the plants treating Delta water reported additional problems in meeting
DBP objectives (and MCLs) when bromide and TOC where simultaneously high in their source
water (typically, in November and December) because they have higher brominated DBPs in
addition to the chlorinated DBPs. There have been numerous studies of the components of organic
carbon that lead to DBP production, with no clear results. Opportunities clearly exist to improve
our understanding of the relationship of organic carbon to DBP formation.

Another driver the WQP is just beginning to quantify is economics. Drinking water treatment
economics are often divided into capital costs (major construction like the addition of new treatment
processes) and operational costs (chemicals, labor, electricity, solids removal/disposal). Within the
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current range of source water quality variation (specifically microbials, organic carbon, alkalinity, and
turbidity) and treatment plant generally track labor and chemical costs, although the cost rates of
labor and chemicals can vary by region and over time. Therefore, data was gathered on chemical use
rates. Figure 6.10 shows the range of chemical use across the ten treatment plants studied, showing
the dramatic difference between Delta water treatment and Sacramento River water treatment.

Figure 6.8: Source Water TOC and Treated Water DBPs in Nine Study WTPs
Period of Record: 2004 — 2006 Source: Delta Drinking Water Quality Study (Appendix E)
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Figure 6.9: Speciated DBP data for the fourth quarter of 2006
Period of Record: Fourth quarter Sep-Dec 2006 Source: Delta Drinking Water Quality Study (Appendix E)
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Figure 6.10 Chemical Dose Range Across Nine Treatment Plants (Chewicals 1 ary by Plant)
Period of Record: 2004 — 2006 Source: Delta Drinking Water Quality Study (Appendix E)
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For each region and each plant studied, the linkages between source water quality, treatment
process, and treated water quality are explored in greater detail.

6.3 Watershed Region

The Watershed Region is included in this assessment to provide an example of better surface water
quality within the CALFED solution area, and the resulting treatment plant processes employed and
disinfection byproduct levels. The 17 treatment plants included from the CDPH database treat water
from the Sacramento, San Joaquin, Calaveras and Mokelumne Rivers. Within the CDPH database,
source water bromide data was available only for the City of Fresno, where the median is 6 pg/L
(below the WQP target). Bromide in the Sacramento River at Hood has a median of 10 pg/L and a
maximum peak of 50 ng/L. Within the CDPH database, 7 treatment plants measured a median 1.7
mg/L TOC in their source watet, with a peak of 10.9 mg/L. TOC in the Sacramento River at Hood
has a median of 1.9 mg/L with peaks of 4 to over 6 mg/L. All of the watershed plants disinfect with
chlorine, because the low levels of precursors do not present challenges in meeting DBP regulations.
The CDPH data suggests that watershed plants generally meet the ELPH targets of 40 ug/L
TTHMs, 30 ug/L HAAS, Figures 6.11-6.13.

Two plants were selected for closer study in this region. The City of Redding’s Foothill Treatment
Plant treats water from the Sacramento River, just below Keswick Reservoir (the afterbay to Shasta
Reservoir) and the City of Sacramento’s Sacramento Treatment Plant treats water from the
Sacramento River just downstream of the American River. The City of Sacramento also has a water
treatment plant (the Fairbairn WTP) on the American River, and manages the two plants to
optimize water quality treatment and meet service area demands.
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Figure 6.11 TTHMs in Watershed WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.12 HAA5s in Watershed WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.13 Bromate in Watershed WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Both the City of Redding Foothills WTP and City of Sacramento River WTP receive water through
intakes that take water directly from the Sacramento River through an enclosed pipeline. For both of
these plants, no significant conveyance or storage structures affect water quality prior to treatment.
Both plants are conventional plants that pre-chlorinate'. Bromide data is not collected regularly
because bromide is not a concern at these plants; the City of Redding does not collect TOC data
regularly because it is generally not a concern.

Lake Shasta attenuates most water quality constituents, so that the Foothill WTP raw water has low
TOC concentrations and low turbidity levels, with minimal variability for these parameters. The
Sacramento River WTP intake, which is downstream from the Sacramento River’s confluence with
the American River, has higher and more variable concentrations of TOC and turbidity than the
Foothill WTP (Figures 3-6 and 3-7 in Appendix E). Lake Shasta is nutrient limited and therefore
does not have any significant algae growth. Taste and odor (T&O) complaint data from 2004-2006
was requested as a measure of the impact of nutrients and algae on treated water quality. The City of
Redding has not had any complaints linked to algae because algae blooms have not occurred on the
Sacramento River near its intake. The City of Sacramento received 21 T&O complaints between
January and June of 2006, but related them to algae blooms on the American River.

Both the Foothill and Sacramento River WTPs use very low coagulant doses (pre-treatment
chemicals); this is directly related to the raw water TOC and turbidity values seen at the WTPs.
During most of the year, the Foothill WTP is operated as a direct filtration plant because its raw
water has turbidities of less than 5 NTU and the residence time in its sedimentation basins do not
provide a significant amount of settling at such low turbidities. In the winter time when turbidities
are higher, the sedimentation basins at Foothill WTP are used to equalize the higher incoming
turbidities. The City of Sacramento balances the operation of the Sacramento River WTP and the
Fairbairn WTP (not included in this study) for optimal water quality and operation costs. When
turbidity levels are higher than 10 NTU, the Foothill WTP suspends treatment and waits for the
short turbidity events to pass. The Sacramento River WTP also likewise suspends treatment during
high turbidity episodes. During episodic turbidity or algae events, operation at the plants can be
suspended or cut back to treat the highest quality water.

These treatment plants have primarily only chlorinated disinfection byproducts and minimal to non-
detectable concentrations of the brominated DBPs in their finished water. DBP data obtained from
these plants for 2004-2006 indicated that they are meeting the WQP ELPH targets. Neither
treatment plant in the Upper Watershed currently has concerns about meeting DBP MCLs or
anticipates that this will be a problem in the future. In 2005, the WQP funded a pilot drinking water
quality management plan for four counties in the Sacramento watershed ($250,000).

Using this information, a regional specific conceptual model was constructed, Figure 6.14. This
model is based on limited data from 2004-2006 and from the specifics of the Sacramento River
plants. It should be updated through Stage 2 with information from more treatment plants
throughout the region.

Performance Metrics

The WQP does not recommend any y-performance measures to track upper watershed treated water
quality. Treated water quality does not always meet ELPH targets, but this is due to operational
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Figure 6.14 Upper Watershed Region Conceptual Model (using available data)
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and cost decisions not to source water quality issues. Source water quality actions and performance
measures are identified in Chapter 5

6.4 North Bay Aqueduct Region

The North Bay Aqueduct (NBA) region includes six WTPs from the CDPH database, all of which
treat water from the NBA’s intake in Barker Slough, though some plants switch sources during
winter months. Source water quality of the North Bay Aqueduct is discussed in Chapters 4 and 5 -
the bromide median is less than 50 pg/L, the WQP target, whereas the total organic carbon median
is over 3 mg/L, with historic running annual averages of TOC range from 6 mg/L to 9.4 mg/L and
peaks in the range of 25 mg/L. Treatment plants in this region include conventional plants,
membrane plants, plants that employ ozone, and plants that employ chlorine. CDPH treated water
quality data suggests that NBA plants meet WQP HAA5 and bromate targets, but not TTHM
targets, Figures 6.15-6.17.

The local Barker Slough watershed degrades the Sacramento River source water significantly, and
the NBA has the highest pathogen and TOC concentration of the Delta intakes. NBA water is
pumped to the individual plants from Barker Slough intake through an underground pipeline that
has minimal impact on water quality. Barker Slough Watershed contributes significant amounts of
turbidity and TOC particularly during storm events, causing a great deal of variability. The alkalinity
in this source water drops significantly during rain events. Alkalinity variability and high TOC
concentrations make NBA water difficult to treat.

The plant selected for further study, the City of American Canyon WTP, operates a conventional
treatment system with multi-media filters in parallel to a membrane treatment plant. The membrane
treatment train consistently meets finished water turbidity requirements with less operator attention
than is needed for the conventional system.

Operators at this WTP use a combined acidified alum mix for TOC removal on both treatment
trains. While the plant’s percent TOC removal is high, the incoming TOC concentrations can be
greater than 20 mg/L, and the agency struggles to meet DBP regulations and is concerned about
meeting future TOC regulations. This fall, the City of American Canyon will be conducting pilot
evaluations to investigate additional organic carbon removal strategies. The combined conventional
and membrane plants produced an average of 59 pg/L TTHMs and 28 ng/L HAAS5s over 2004-
20006.

Although Barker Slough is nutrient rich and algae growth does occur in Napa Turnout Reservoir,
T&O complaints linked to algae have not been reported to DWR by the NBA contractors.” The City
of American Canyon plans to install two closed-top tanks for raw water storage at the plant to
replace existing storage tanks and help control algae growth.

One of the projects selected for funding from Proposition 50 (CDPH) is a permanent regional
research facility at the North Bay Regional Treatment Plant. The proposed studies at this plant
include organic carbon and turbidity removal as well as disinfection byproduct formation.
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Figure 6.15 TTHMs in NBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.16 HAA5s in NBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.17 Bromate in NBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Using this information, a regional specific conceptual model was constructed, Figure 6.18. This
model is based on limited treatment data from 2004-20006, from the specifics of the Antioch plant,
and source water quality information in the 2007 SWP Watershed Sanitary Survey Assessment. It
should be updated through Stage 2 with information from more treatment plants throughout the
region.

The WQP has funded 5 projects ($2,958,000) to implement best management practices for
pathogens, turbidity, and organic carbon increases due to grazing. The effectiveness of these BMPs
are still being evaluated. These types of projects may be insufficient to significantly reduce organic
carbon in the NBA because the soil types and topography of the watershed enable mobilization of
natural sources of organic carbon during precipitation events. The WQP also funded a study
($188,500) of an alternative intake location for the NBA, which would give the region flexibility to
improve its water quality and the state flexibility to protect and enhance Delta smelt habitat in
Barker Slough and nearby channels.

Other potential actions to improve NBA WTP water quality include actions more appropriate to the
Integrated Regional Water Management Program, including swapping high quality Lake Berryessa
irrigation supplies for lower quality North Bay Aqueduct supplies and local WTP studies.

Performance Metrics

1. Continue to assess whether the NBA intake water at Barker Slough quality meets CALFED
source water quality targets (running annual averages of bromide and total organic carbon)
(level 3)

2. Use the improved CDPH tracking of treatment data to assess the formation and speciation
of disinfection by-products in NBA region WTPs at the distribution system location closest
to the treatment plant (level 3)

3. Solicit participation of treatment plants that represent the processes used (conventional,
membrane, chlorine, ozone) to better define source water organic carbon needs (averages,
peaks) for specific processes to assess progress towards ELPH targets. (level 3)

4. Monitor distribution system monitoring for potential DBP issues related to source water
quality (level 3)

5. Define project-level performance measures for the Regional Water Treatment
Demonstration Plant to align with metric #2 (level 2)
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Figure 6.18 NBA Region Conceptual Model (using available data)

] Barker Slough Intake

Barker Slough TOC: | Nutrients/ Algae:
Median 4.25 - Algae blooms in
RAA 6-9.4 mg/I. Bromide: NBA and WTP
Peaks up to 23 mg/L Median infrastructure
<50 ug/L
Conventional Plants Regulations:
1 Membrane Plant 80 ug/L TTHM - '
50-120 mg/L 60 ug/L HAA5 Soclgecongmlc
R litv: d Some plants have access coagulant 359% removal considerations:
G water qua 1y cocs to alternative supplies Mostly chlorination, 2 TOC unknown
NOT meet CALFED h Y ’ .
at meet CALFED plants use ozone Microbial Bin 1
TOC target -
targets and switch sources
Drivers TJ |7 <| g
Peak TOC = Membrane plants require higher pre-treatment removal
Average TOC = Membrane plants achieve excellent reduction in TOC; ozone also used to reduce THM/HAA
formation
Algae is treated within conveyances and pre-treatment storage tanks / bays
TTHMs: 34-83 ug/L TDS: No Taste and
HAAs: 10-24 ug/L < 200 mg/L odor complaints
Bromate: 5 uo/L
Outcomes
Water quality for distributon:
Does not meet ELPH targets
for TTHMS
CALFED CALFED W lity P
—a BAY-DELTA 6-18 ater Quality Program

B, PROGRAM

Stage 1 Final Assessment



6.5 Delta/South Bay Aqueduct Region

The Delta/South Bay Region was grouped based on its similar water quality issues and close vicinity
of treatment plants to their Delta intakes. This region includes nine treatment plants from the
CDPH database, which treat water from the City of Antioch’s or Contra Costa Water District’s
Delta Intakes, the South Bay Aqueduct, or the Delta Mendota Canal. Source water quality of the
Contra Costa Water District intakes, Banks Pumping Plant, and Tracy Pumping Plant are discussed
in Chapters 4 and 5 — running annual averages for both bromide and total organic carbon at all of
these intakes are above WQP targets, Table 6.2 (adapted from Tables 4.1 and 4.2). The full range of
treatment processes and disinfectants examined exist in this region, with the exception of direct
filtration. CDPH treated water quality data suggests that this region’s plants do not meet TTHM or
bromate ELPH targets but do meet the HAA5 ELPH target, Figures 6.19 -6.21.

Table 6.3 Delta/South Bay Aqueduct Region Intakes’ Bromide (Br) and Total Otrganic Catbon
(TOC) Historical Running Annual Averages (RAA)

Intake Br RAA range TOC RAA range
(ng/L) (mg/L)

H.O. Banks 89 — 424 3.0-45

C.W. Jones (Tracy) 99 — 404 2.7-3.6

CCWD Old River 133 -190 3.0-5.0

CCC (Rock Slough) 180 — 233 3.0-9.0

Within this region, four treatment plants were included in the Drinking Water Quality Study: Contra
Costa Water District’s Bollman WTP, City of Antioch’s WIP#1, Zone 7 Water Agency’s Patterson
Pass WTP, and Alameda County Water District’s WTP#2.

CCWD operates three intakes on the Delta, (Old River, Rock Slough, and Mallard Slough), and has
three reservoirs, (Los Vaqueros, Mallard, and Contra Loma Reservoirs). The Mallard Slough intake
is used infrequently because of prohibitively high chloride concentrations. Los Vaqueros is the
district’s largest reservoir and is used more often for water supply than the other reservoirs. Los
Vaqueros Reservoir was constructed to provide salinity improvements — by storing high quality
Delta water for later blending with poorer quality Delta water — and as an emergency water supply.
CCWD supplies water via the Contra Costa Canal to its two treatment plants and supplies raw water
to its contractors and to the City of Antioch. When possible, CCWD operates Mallard Reservoir as a
forebay to the Bollman WTP because it attenuates some of the variability in CCWD’s raw water

quality.

The City of Antioch operates an independent intake within the legal Delta, using San Joaquin River
water rights. Antioch purchases water from CCWD when the chloride concentration at its Delta
intake is greater than 250 mg/L. The City of Antioch, in turn, finds it challenging to transition when
the Contra Costa Canal supplies Los Vaqueros water, due to its differing water quality, and must
make quick operational adjustments.
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Figure 6.19 TTHM:s in Delta/SBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.20 HAA5s in Delta/SBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.21 Bromate in Delta/SBA WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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TOC concentrations in the Contra Costa Canal intakes, Los Vaqueros Reservoir, and WTP intakes
average about 3 mg/L from 2004-2006, around the WQP source water quality target. Values at Los
Vaqueros Reservoir are similar to that of the Old River intake from which it is filled. Concentrations
at the City of Antioch WTP are slightly higher and more variable than those at Bollman WTP and
the City of Antioch experiences spikes in turbidity when its source is switched to the Contra Costa
Canal. Bromide at CCWD intakes range from a median of 100 to 200 pg/L from 2004-2006,
peaking as high as 800 ug/L. Concentrations in Los Vaqueros Reservoir average around 100 pg/L.
Operators keep the bromide and chloride concentrations in Los Vaqueros Reservoir low by filling
the resetvoir only when chloride at Old River is 50 mg/L ot less. Since chlotide and bromide are
highly correlated, this chloride limitation keeps bromide levels entering the plant relatively low.
Neither CCWD nor the City of Antioch monitored bromide at their WTP headworks during the
study period (2004-20006).

Both CCWD and the City of Antioch have made treatment modifications to limit DBP formation
given current Delta water quality conditions. CCWD has implemented pre-ozone at the Bollman
WTP, which limits TTHM (6 ng/L) and HAA5 (2 pg/L) formation in its distribution system, well
below ELPH targets, but also presents challenges in managing bromate formation. The City of
Antioch pre-chlorinates and achieves its disinfection contact time credit through its sedimentation
basins, producing water with acceptable TTHM (46 ng/L) and HAAS (7 pg/L) concentrations, close
to ELPH targets for TTHMs.

Treatment plants along the South Bay Aqueduct (SBA) receive water from the Delta through Clifton
Court Forebay, the Harvey O. Banks Pumping Plant, and Bethany Forebay. The source water quality
at their treatment plants is usually similar to the Delta water quality2 at Banks, which is highly
variable (see Chapters 4 and 5) and low in alkalinity and water can travel from Banks through the
entire South Bay Aqueduct in as little as four days and as much as eight daysz. Some SBA
contractors also have water rights to Lake Del Valle, which is filled by local runoff Delta water from
the SBA. The water in Lake Del Valle is lower in TOC and turbidity and higher in alkalinity than
Delta water. Under certain circumstances, water can be released from Lake Del Valle to offset low
alkalinity or degraded Delta water quality. Lake Del Valle’s usable storage is limited, because it is a
multiple use facility and is typically kept at a full pool in the summer for recreation.

Zone 7 Water Agency’s Patterson Pass WTP has a small forebay which receives water from the top
two feet of the SBA (where the highest quality is) via an overflow weir. The Patterson Pass WTP
operates upflow clarifiers followed by multi-media filters and membrane filters in parallel — the
membrane filters are typically used only during peak demand periods. For 2004-2006, average
TTHMS were 41 pg/L and HAAS5s were 21 pg/L, close to or below ELPH targets. The Alameda
County Water District (ACWD) WTP #2, which can receive Del Valle water, practices pre-
ozonation at its conventional treatment plant with multi-media filters. ACWD also operates a
membrane treatment plant, Mission San Jose WTP, on the same source water and has found its
conventional filters run more effectively than membrane filters do on the Delta source water. For
2004-2000, average TTHMS were 2 pg/L and HAAS5s were 3 pg/L at WIP#2, below ELPH targets
(as noted before, precursors were also relatively low during 2004-2006 as well).

The median concentration of TOC at ACWD WTP#2, downstream of DV Check 7, is similar to
the median concentration at Banks and at DV Check 7, about 3 mg/L.. High concentrations (5 to 6
mg/L) occur during the wet season and low concentrations (just under 3 mg/L) occur in the late
summer months. > Bromide concentrations are also similar between Banks, ACWD WTP#2, and
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Santa Clara Terminal Tank, 110-150 pg/L. Bromide in the SBA show the same seasonal pattern as
Banks with the highest concentrations during the late fall and early winter months’. The similarity
between Banks and SBA WTPs is a result of the low residence time of water from the Banks
Pumping Plant to the treatment plants on the South Bay Aqueduct. Turbidity, on the other hand,
appears to attenuate to some degree through Bethany Reservoir and the SBA. Peaks in turbidity, up
to 100 NTU in the spring and summer — especially in wet seasons - can evolve quickly, presenting a
challenge to treatment plants. ? It was also observed that lower frequency data frequently results in
lower medians, indicating that higher frequency data is needed to capture the variability of Delta
water quality.

Algae and resulting taste and odor issues can occur in the spring, summer, and fall. The most algae
growth in Contra Costa Canal occurs in the unlined portion of the canal at Rock Slough. CCWD
applies PAK™?27, a hydrogen peroxide treatment, and conducts harvesting in this portion of the
canal. CCWD monitors MIB and geosmin and conducts flavor profile analyses of its raw and treated
water daily from April through September. The majority of CCWD T&O complaints resulting from
algae growth are linked to Mallard Reservoir, where chelated copper is applied as a control measure.
The City of Antioch, on the other hand, sees algae growth in its Municipal Reservoir, the forebay to
its WTP, and has installed 2 mechanical aeration device as a control measure.

Total nitrogen and phosphorus concentrations in water exported from the Delta at Banks are
sufficiently high to cause algal blooms in the aqueducts and downstream reservoirs. The SBA
experiences some of the worst algae issues in the CALFED solution area. Algae growth in Clifton
Court Forebay and along the SBA causes pH fluctuations, operational challenges, and associated
T&O events. Peaks in these compounds occur at Clifton Court Forebay and Banks Pumping Plant
in the summer and can last for weeks; peaks at Banks Pumping Plant travel quickly to the SBA? and
algae is a challenge throughout the year. MIB (2-methylisoborneol) and geosmin, specific byproducts
of algal degradation which can cause T&O events, peak above 10 pg/L (the level at which they
affect taste and odor) at Clifton Court Forebay and Banks Pumping Plant every summer. Peaks
within the South Bay Aqueduct may originate in the Delta or within the aqueduct itself. At the
Patterson Pass WTP, algae growth has caused shortened filter run times on the media filters and
clogged intake screens on the membrane side. The water quality variability and algae growth are
more challenging at Zone 7’s Del Valle WTP; as it does not have a reservoir in which to attenuate
the raw water variability and settle some of the solids. Zone 7 plans on installing ozone at its new
Altamont WTP because of the successes with ozone at ACWD WTP #2, where ozone has been
effective at eliminating the plant’s algae-related T&O issues. Copper sulfate is applied to the SBA to
help control algae growth.

Using this information, a regional specific conceptual model was constructed, Figure 6.22. This
model is based on limited treatment data from 2004-20006, from the specifics of the Delta plants, and
source water quality information in the 2006 Update of the SWP Sanitary Survey. It should be
updated through Stage 2 with information from more treatment plants throughout the region.

One of the projects selected for funding from Proposition 50 ($500,000) is a follow up study of pre-
treatment methods for Delta waters by the Contra Costa Water District, Santa Clara Valley Water
District, and Zone 7 Water Agency. The proposed studies at this regional demonstration plant
include organic carbon and turbidity removal, DBP formation, T&O issues, and emerging
contaminants. Another project funded by the WQP ($241,000) is for the development and
implementation of a South Bay Aqueduct Watershed Program, which recommends actions for
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Figure 6.22 Delta/SBA Region Conceptual Model (using available data)
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improving water quality through localized source improvements.

The Contra Costa Water District’s Los Vaqueros project was built to improve salinity given current
water quality conditions (both average salinity and periods of peak salinity). Other water treatment
plants in this region have adjusted processes, operations, and pre-plant infrastructure in order to
treat Delta water to meet and exceed treated water regulations. Maintenance of this water quality
(bromide, organic carbon, nutrients, alkalinity, pH and pathogen levels) is key to maintaining these
investments as well as to maintaining the reasonable use of all existing Delta intakes. Improvements
in running annual averages and in shorter periods of high concentrations at Delta intakes can
provide the broadest spectrum of treated water quality benefits across the CALFED solution area.
More details on these WQP actions in this area are found in Chapter 5.

The WQP has supported water quality improvements in close vicinity to the CCWD intakes (Rock
Slough and Old River Water Quality Improvement Projects $4,575,000) and the transition of the
first three miles of the Contra Costa Canal from an unlined canal to a lined channel ($7,373,000).
The WQP has also supported planning and assessment efforts to identify and prioritize actions in
this region (the draft Delta Regional Water Quality Management Plan $250,000, the SBA watershed
assessment $241,000). These actions may be best implemented in the future through the Integrated
Regional Water Management Program (IRWMP). The IRWMP is a statewide program that funds
planning and implementation of regional water management improvements.

Within the Delta, another way to improve water quality at treatment plants using Delta water is
through constructing new or additional intakes in locations with better water quality. Because Delta
water quality is so variable across time and space, intakes are rarely abandoned as there are always
times when they will see good water quality. Currently, the CCWD is currently pursuing a new intake
on Victoria Canal, the City of Stockton is constructing a new intake near Empire Tract, and the City
of Antioch is interested in an intake that would allow for a more reliable and consistent supply. The
CCWD and Stockton intake locations were chosen be examining and modeling the historic record
of water quality and current water operations. There are increasing signs that this planning paradigm
will shift: legal and regulatory decisions to protect increasingly endangered Delta species, changing
precipitation patterns due to climate change, and increasing population pressure will challenging our
historic assumptions of water supply and demand. This is discussed further in the last section of
Chapter 5.

As seen in Chapter 4, running annual averages of DBP precursors are significantly affected by
sustained periods with high precursor concentrations. As seen in the use of Los Vaqueros and Del
Valle reservoirs, and in the reservoir system on the West Branch of the California Aqueduct, storage
between Delta intakes and water treatment plants can result in increased stability in source water
quality. During Stage 1, the CALFED Storage Program studied the enlargement of the Los
Vaqueros reservoir to improve water management (including improving water quality) for San
Francisco Bay Area utilities (including SBA utilities), but to date there are no committed project
partners. It is possible the study of this project will continue during Stage 2.
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Performance Metrics

1. Continue to assess whether Delta intake water quality meets CALFED source water quality
targets (running annual averages of bromide and total organic carbon), include Antioch,
Stockton, and Victoria Canal locations (level 3)

2. Use the improved CDPH tracking of treatment data to assess the formation and speciation
of disinfection by-products in Delta/SBA region WTPs at the distribution system location
closest to the treatment plant (level 3)

3. Solicit participation of treatment plants that represent the processes used (conventional,
membrane, chlorine, ozone) to better define source water organic carbon needs (averages,
peaks) for specific processes to meet ELPH targets. Also, where plants have reservoirs or
alternative sources, request treatment plant intake water quality data to better assess the
connections between Delta water quality and plant source water quality (level 3)

4. Monitor distribution system monitoring for potential DBP issues related to source water
quality (level 3)

5. Include appropriate performance metrics on the regional demonstration treatment plant to
improve understanding of disinfection by-product reduction (level 2)

6.6 California Aqueduct Region

The California Aqueduct Region was grouped based on its shared geography south of the San Luis
Reservoir complex. The San Luis Reservoir complex receives water from both Banks Pumping Plant
and Tracy Pumping Plant, where it is mixed to various degrees in O’Neill Forebay. This region
includes 22 treatment plants from the CDPH database. Source water quality of the Banks Pumping
Plant, and Tracy Pumping Plant are discussed in Chapters 4 and 5 — running annual averages for
both bromide and total organic carbon at all of these intakes are around or above WQP targets,
Table 6.3 (adapted from Tables 4.1 and 4.2). The full range of treatment processes and disinfectants
examined exist in this region, with the exception of direct filtration. CDPH treated water quality data
suggests that this region’s plants do not meet TTHM, HAAS5, or bromate targets, Figures 6.23 - 6.25.

Table 6.3 California Aqueduct Region Intakes’ Bromide (Br) and Total Organic Carbon (TOC)
Historical Running Annual Averages (RAA)

Intake Br RAA range TOC RAA range
(ng/L) (mg/L)
H.O. Banks 89 — 424 3.0-45
C.W. Jones (Tracy) 99 — 404 2.7-3.6
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Figure 6.23 TTHM:s in California Aqueduct WTPs
Period of Record: 1990 — 2006 Source: CDPH Database

120
100 eCl ocC2
AC3 xC4
80
:c" XC5 o C6
3
s 601 +C7 mC8
£
= 40 ©C9 e Cl0
-Cll =C12
20 4
AC13 o Cl4
0 +A ‘ : ‘ ‘ ‘ ‘
1/1/90 9/27/92 6/24/95 3/20/98 12/14/00 9/10/03 6/6/06
Figure 6.24 HAA5s in California Aqueduct WIPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Figure 6.25 Bromate in California Aqueduct WTPs
Period of Record: 1990 — 2006 Source: CDPH Database
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Three treatment plants that receive water at different locations off of the California Aqueduct were
selected for the study: the City of Coalinga just south of the San Luis Reservoir, and Antelope Valley
East Kern Water Agency’s Quartz Hill WTP and Castaic Lake Water Agency’s Earl Schmidt
Filtration Plant on the West Branch. AVEK and CLWA are both wholesale suppliers.
Unfortunately, the City of Coalinga was not able to participate or provide data within the time frame
of the study, so information from the 2005 Issues with Delta Drinking Water Treatment was used.

Both Banks and Tracy Pumping Plants transport water into the San Luis Reservoir, the California
Aqueduct, and the Delta Mendota Canal through the O’Neil Forebay’. Complex water supply and
power operations affect the water quality entering the California Aqueduct and this mixing is not
well understood. Organic carbon, turbidity, salinity and bromide variability can be attenuated or
exacerbated through the San Luis Reservoir complex. Salinity increases between Banks Pumping
Plant and the San Luis Reservoir complex, due to the contribution of water through Tracy Pumping
Plant, concentration through evaporation in the reservoir, and/or the timing of reservoir filling”.
This complex appears to play a significant role in water quality conditions, as the change in water
quality between the Delta intakes and the San Luis Reservoir complex are not well understood but
clearly important.

Water is pumped from the San Luis Complex (O’Neill Forebay) south through the California
Aqueduct. The Coalinga Canal, primarily supplying irrigation water, supplies the City of Coalinga,
which is also an environmental justice community that is impacted by the operation of the canal for
irrigation supply (where water quality is not considered). Water quality does not change significantly
as it travels the California Aqueduct from the San Luis complex down to its bifurcation into Fast
and West Branches. Some external water supplies are introduced into the California Aqueduct, from
local watershed drainage, and from groundwater and surface water flows through the Kern River
Intertie.

The East Branch of the California Aqueduct has two small reservoirs, Silverwood Lake and Lake
Perris that are not large enough to attenuate water quality. Water quality in the East Branch is
therefore similar to water quality leaving the San Luis Reservoir complex, unless inflows from the
surface and groundwater Aqueduct tie-ins are high. Lake Perris has a number of local water quality
issues, of which the WQP has funded a source study ($1,390,800). The 2006 Update of the SWP
Sanitary Survey details issues with Metropolitan Water District’s Mills WTP, which converted to
ozone, but must also employ enhanced coagulation to treat water with higher concentrations of
TOC (above 4 mg/L). On the contrary, the West Branch of the California Aqueduct has two large
reservoirs, Pyramid and Castaic Lakes, which are large enough to attenuate water quality, particularly
turbidity and TOC. The largest treatment plants in the CALFED solution area are the Metropolitan
Water District plants, a number of which blend Delta water with Colorado River supplies.

The AVEK Quartz Hill WTP takes its water directly from the East Branch of the California
Aqueduct. In addition to variable TOC and turbidity concentrations in this its raw water, alkalinity
levels create difficulties for coagulation. AVEK has not historically sampled for bromide because it
does not employ ozone. Water quality at Checks 13 and 41 along the California Aqueduct can give
us an idea of the water quality treated by AVEK, which also occasionally includes water from
surface and groundwater inflows into the Aqueduct. For the period of 2001-2006, median TOC was
2.9-3.2 mg/L, peaking to 5-7 mg/L, and median bromide was 0.19-0.22 mg/ 1.2 Both constituents
are influenced by how the two Delta intakes are operated in combination with the San Luis
Reservoir, which is not well understood.
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The CLWA Earl Schmidt Filtration Plant receives water from the West Branch of the California
Aqueduct through a series of three reservoirs: Quail, Pyramid, and Castaic Lakes. Because of these
reservoirs, the high TOC and turbidity concentrations and water quality variability seen at Banks
Pumping Plant and through the California Aqueduct are not seen at the Farl Schmidt Filtration
Plant. When Castaic Lake is drawn down, however, it does not attenuate or settle out TOC and
turbidity and the Earl Schmidt Filtration Plant receives water almost directly from the Delta. For the
petiod of 2001-2006, median TOC was 3 mg/L, peaking up to 4.7 mg/L, and median bromide was
0.19-0.22 mg/L but with less vatiability than at AVEK. Local watershed effects can also influence
water quality — for example, turbidity spiked in 2005 after a record rainfall mobilized sediment and
detritus. The WQP funded a study to determine the sources and occurrences of pathogens in Castaic
Lake ($609,500).

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” MIB and geosmin (algal
byproducts) peaks above 10 p/L, the level at which these chemicals affect taste and odor, occur at
Clifton Court Forebay, Banks Pumping Plant, and within the Aqueduct every summer. Peaks within
the California Aqueduct may originate in the Delta or within the aqueduct itself, and monitoring of
MIB and geosmin show concentrations decrease down the Aqueductz. Limited data for Tracy
Pumping Plant and the Delta Mendota Canal suggest that Tracy may be contributing additional
nitrate, peaking to 8 mg/L in winter months when San Luis Reservoir is being filled. DWR reports
MIB and geosmin sampled in the Aqueduct to this region’s WTP and treats algae blooms in the
Aqueduct with copper sulfate. San Luis Reservoir has low levels of MIB and geosmin but the
Southern California Reservoirs can have levels high enough to cause T&O concerns. High levels are
found in Castaic Lake, Lake Perris, and Silverwood Lake in the summer. Taste and odor problems at
AVEK typically occur in the late summer and early fall.

DBP formation, particularly in the winter when TOC and bromide are the highest, is problematic
for the AVEK Quartz Hill WTP. The Quartz Hill WTP is undergoing an expansion and switching
to ozone and biologically active filters, at which time bromate formation will become a concern. The
Earl Schmidt Filtration plant uses ozone, which aids in organic carbon removal. Prior to the
installation of its ozone facilities, limiting the formation of brominated THMs was difficult when
both bromide and TOC were high in the source water. Raw water directly from the Delta is more
difficult for this plant to treat than water that has resided in the reservoirs.

Using this information, a regional specific conceptual model was constructed, Figure 6.26. This
model is based on limited treatment data from 2004-20006, from the specifics of the two California
Aqueduct plants, and source water quality information in the 2007 SWP Watershed Sanitary Survey
Assessment. It should be updated through Stage 2 with information from more treatment plants
throughout the region.
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Figure 6.26 California Aqueduct Region Conceptual Model (using available data)
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WTPs that receive water directly from the California Aqueduct have problems and challenges similar
to those experienced by WTPs located closer to the Delta, along with their own unique regional
challenges. Some WTPs in this region have adjusted processes, operations, and pre-plant
infrastructure in order to treat Delta water to meet and exceed treated water regulations; other plants
are in the process of making adjustments. Maintenance and improvement of existing water quality
(bromide, organic carbon, nutrients, alkalinity, pH and pathogen levels) is crucial to maintaining
these investments as well as to maintaining and improving treated water quality. Improvements in
running annual averages and in shorter periods of high concentrations at Delta intakes can provide
the broadest spectrum of treated water quality benefits across the CALFED solution area. More
details on this action are in Chapter 5.

In order to maintain and/or improve water quality, it is crucial to understand what influences it. The
WQP should support studies of water quality of the San Luis Reservoir Complex, like the high-
frequency water quality autosamplers funded by the WQP. Another important project is the

SWPCA and DWR MWQI’s Realtime Data Forecasting Project, which is developing an extension of
DWR’s DSM2 Model to the California Aqueduct in order to make short term water quality forecasts
for WTP operations. This is particularly beneficial to plants taking water directly off the California
Aqueduct.

There may also be infrastructure actions that can improve water quality for this region, both in the
Delta and in the region itself. As discussed in the Delta region, additional or relocated intakes can
improve water quality, as well as resolve ecosystem conflicts. For this region, it is important to
understand the water quality of all intakes conveying water to the San Luis Complex to understand
potential improvements for WIPs. Regionally, storage between Delta intakes and water treatment
plants can result in attenuation of some source water quality constituents. New storage projects
would fall under the IRWMP, but should be supported by the WQP if they contribute to WQP
goals.

Performance Metrics

1. Continue to assess whether Delta intake water quality meets CALFED source water quality
targets (running annual averages of bromide and total organic carbon) (level 3)

2. Assess whether water quality after San Luis Reservoir meets CALFED source water quality
targets (running annual averages of bromide and total organic carbon) (level 3)

3. Use the improved CDPH tracking of treatment data to assess the formation and speciation
of disinfection by-products in California Aqueduct region WTPs at the distribution system
location closest to the treatment plant until the ELPH targets are updated (level 3)

4. Solicit participation of treatment plants that represent the processes used (conventional,
membrane, chlorine, ozone) to better define source water organic carbon needs (averages,
peaks) for specific processes to meet ELPH targets. Also, where plants have reservoirs or
alternative sources, request treatment plant intake water quality data to better assess the
connections between Delta water quality and plant source water quality (level 3)

5. Monitor distribution system monitoring for potential DBP issues related to source water

quality (level 3)
6.7 Funded Treatment Demonstration Studies

The CALFED ROD directed the WQP to invest in treatment technology demonstration projects in
Stage 1, and to evaluate the future role of CALFED in treatment demonstration and treatment
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implementation for Stage 2. Although the CALFED WQP is collectively represented by its
implementing agencies, the WQP has not included all agency-funded treatment plant improvements

within its program. This maintained the WQP focus on disinfection by-product precursors in the
Delta.

Four drinking water treatment technology projects were funded and completed during Stage 1. The
NBA Ion Exchange for Organic Carbon Removal studies ($490,419, Solano County Water Agency
and MWH 2004) demonstrated successful removal of organic carbon from NBA water using
MIEX®, a commercial resin developed for organic carbon removal when used as pre-treatment
prior to alum addition, allowing operators to meet DBP regulations, but not ELPH targets,
consistently.

The UV Light and Multiple Disinfectants studies (610,000, Metropolitan Water District of
Southern California 2005) demonstrated the limitations and diminishing returns of using multiple
disinfectants for decreasing disinfection by-product formation through treatment of Delta waters,
the need for further study of aspects of UV Light operation, and the need to improve source water
quality and investigate membranes to meet CALFED WQP targets. UV disinfection combined with
ozone and chlorine dioxide achieved low DBP concentrations for waters with high TOC and
bromide. At the time of this study, no utilities were employing UV for disinfection; in late 2007 the
West Valley Water District’s Oliver P. Roemer’s Water Filtration Facility converted to UV.

The Integrating UV Light to Achieve Multiple Treatment Objectives studies ($715,000, Contra
Costa Water District and Carrollo Engineers, 2007), using a 5 MGD demonstration plant,
demonstrated the ability of UV to serve as a primary disinfectant, allowing lower doses of chlorine
dioxide and/or ozone to reduce the formation of disinfection by-products bromate and chlorate, in
some cases requiring a short free chlorine contact time to achieve desired log removal of Giardia. In
the pilot-scale analysis, the lowest DBP concentrations were achieved with an advanced UV train,
consisting of pre-oxidation with chlorine dioxide, clarification, intermediate oxidation with ozone,
biofiltration, post-filter disinfection with a low-pressure UV lamp, and final disinfection with
chloramines (without a contact period between the addition of free chlorine and ammonia). For all
source water qualities tested, this treatment train resulted in the lowest THM, HAA, NDMA,
bromate, and chlorite concentrations. However, compared to other trains tested, the advanced UV
train produced water with high chlorite concentrations and its finished water was less biologically
stable, meaning lower DBP concentrations were traded off for potential microbial regrowth in the
distribution system. The advanced UV train was successful at removing taste and odor causing
compounds, particularly geosmin. The project also produced an extensive cost analysis of employing
these technologies at plant scale.

The Bromate Control with Carbon Dioxide Addition studies ($120,000, Alameda County Water
District and Water Quality and Treatment Solutions 2004) demonstrated successful bromate
formation reduction through pH suppression with carbon dioxide is more feasible option than using
other more hazardous chemicals to lower the pH during treatment. Bromate concentrations were
successfully reduced to below 10 pug/L, even when bromide concentrations were greater 400 pg/L.
The study identified that the direct-feed CO, addition was more cost effective and resulted in
comparable water quality results as the more expensive side-stream injection strategy. In addition,
the air stripping strategies resulted in additional chemical costs savings. The operators at ACWD
WTP2 plan to continue using this tool to keep the plant in compliance with the bromate MCL and
to reduce operating costs.
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These studies worked towards meeting ELPH objectives by demonstrating improvement in finished
drinking water quality by reducing DBP formation when source water quality targets are not met. In
total the projects evaluated a range of different water qualities that all originated from the Delta and
demonstrated different technologies that reduced DBP formation through organic carbon removal
or DBP formation minimization techniques. In addition, these studies demonstrated the importance
measuring other parameters to evaluate DBP formation potential. The Integrating UV Light to
Achieve Multiple Treatment Objectives and Bromate Control with Carbon Dioxide Addition studies
identified the importance of attention to bromide concentrations in source water as an indicator of
DBP formation potential and the Ion Exchange Organic Carbon Removal and Advanced Water
Treatment of Estuarine Water Supplies studies identified the need to augment organic carbon
removal evaluations using UV254 and SUVA measurements.

In 2006, the CDPH identified two regional treatment pilot studies (NBA and Delta regions) and
several implementation projects funded through Proposition 50 that may also contribute to
CALFED WQP targets in varying degrees. Tracking only WQP related aspects of the
implementation project is an experiment for the WQP. The results of this final assessment suggest
that there are some treatment demonstration needs that may be met in the two regional treatment
pilot studies, such as the need to investigate additional technologies for the pre-treatment removal of
organic carbon.

6.8 Future Conditions

Chapter 5 discussed the “drivers of change” identified by the CALFED Delta Science Panel as they
affect Delta water quality. Based on these general conditions and other known factors, there are a
number of future conditions that affect treated drinking water quality that should be considered by
the WQP. The biggest uncertainty of the described conditions is their timing. Many of these factors
will not directly affect treated water quality during Stage 2 of the WQP, but then the point of the
WQP is to anticipate future conditions and planned actions to ensure the Delta continues to provide
a treatable drinking water source.

Regutatory Changes

The basis of the WQP goals is the anticipation of future increased regulatory requirements on
treated water and the underlying importance of source water quality in complying with current and
future regulations. Regulations can take decades to develop and implement — identifying the issue,
establishing occurrence, studying health impacts and treatment requirements, and the public process
of actual regulation development, followed by an implementation schedule that usually varies by
number of plant service connections. Currently, disinfection byproduct regulation is moving from a
distribution system average to individual locations in distribution systems, which may require plants
to further reduce DBP levels or stabilizing the water quality entering the distribution system.

Future regulations are difficult to predict; new categories and species of disinfection byproducts are
continually being discovered, in Southern California these include species related to iodide
(associated with seawater, but at higher variability than bromide) and nitrogen. The existence of
nitrogen related disinfection by-products further argues for improving our understanding of
nutrients in the Delta. Information on health effects of existing and new disinfection byproducts
also evolves over time, sometimes adding weight to existing findings and sometimes creating doubt.
Health effects, based on animal studies and epidemiological studies, are more difficult to assess and
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therefore make it much more difficult to project future regulatory trajectories. Regulations include
assumptions based on conservative, health protective estimates of risk to the public.

The other uncertainty in the regulatory framework is the potential for a paradigm shift in regulation.
Today treated water is provided by centralized treatment plants and treated water quality is often
produced to protect the most sensitive populations. If health protection requires higher degrees of
treatment where costs become prohibitive, given the great deal of water that is treated but used for
toilets, laundry, landscaping, and other non-consumptive purposes, out treatment paradigm may
shift to decentralize treatment or to separating our consumptive from non-consumptive treatment
requirements. This prospect also makes it a challenging to project the future in more than decades.

Climate Change

The CALFED Delta Science Panel identified sea level rise and regional climate change as two
“drivers of change”. The potential impacts of these on Delta water quality is discussed in Chapter 5,
but there are also repercussions to the larger geography of treated water quality. For example,
regional climate change will probably result in changes to the demand patterns for treated water —
drier winters would increase demands and/or wetter summers would decrease demands. These types
of changes would make it more difficult to operate projects that store water in wet winters to
stabilize either quality or supplies. Demand patterns of agricultural use could also change, which
would further stress available water supplies. Regional climate change would also affect the quantity
and quality of local watershed supplies. Sea level rise may physically affect coastal populations, where
a significant portion of California communities are currently located. The Delta Science Panel
provides insufficient quantification of these issues for more than a cursory qualitative examination
of these issues.

The bigger issue and unknown with regional climate change is its impact on our existing energy and
treatment chemical resources. Energy resources, costs, and availability may shift in attempts to
counteract climate change causes. Other resources, such as metals and chemicals, have increased in
cost due to increased demands around the world. Both energy and chemical costs and availability
factor heavily into the production of treated water quality. Security issues after September 11 have
also had repercussions on water treatment chemical choices. All of these issues create additional
uncertainties when examining the economics related to treatment aspects of approaches to meet
WQP goals.

Population Increases

The CALFED Delta Science Panel also identified population growth as a “drivers of change”, both
as demands increase upon the Delta to provide drinking water and as the Delta itself transitions to
urban land use. Population increases leading to demand increases fall more generally into
CALFED’s water supply reliability objective, but water supply reliability is also intricately linked with
water quality. The WQP’s experience with the development of the Delta Drinking Water Quality
Study (Appendix E), suggests that much of this growth will occur in the interior region of the state,
including in Southern California, where local water supplies are limited, desalination may remain cost
prohibitive, and therefore the region will probably seek to store wet weather flows for reliability.
The California Department of Finance projects that counties currently using Delta water as part of
their water supply will grow by 45% from 2010 to 2050.
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Impacts on Inmprovement Actions

One concern expressed by stakeholders is the ability to implement strategies in a way that is timely
in addressing future conditions. Local utilities are better equipped and more flexible to assess future
conditions and adapt their production of treated water. The challenge for the WQP is to prioritize
and implement actions that provide broad benefits and are durable and timely. In Stage 1, this has
included source water quality improvements, localized source water quality improvements, and
treatment technology studies. For stage 2, the WQP should develop specific priorities to address the
potential impacts of future conditions:

1. Work with the IRWMP program to institute a planning framework that identifies
projected population growth, local water supplies, and the potential impacts of future
conditions on water quantity and quality. Projects within IRWMP should address issues
of durability given future regulatory changes, population increases, and regional climate
change to the degree that these can be estimated.

2. Support the development of a numerical model for water quality and water supply
through the Delta system that has the ability to model population changes, demand
pattern changes, sea level rise, and regional climate change.

3. Support the development of better descriptions of these future conditions so they can be
assessed and considered during implementation of Stage 2.

1 See Chapter 3 for a description of treatment processes.
2 2006 Update of the SWP Sanitary Survey.

3 The State Water Project and Central Valley Project are described in the 2005 Update of the California
Water Plan (Volume 2, Chapter 5) at
http://www.waterplan.water.ca.gov/previous/cwpu2005/index.cfm.
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Chapter 7: Findings and Recommendations

The Stage 1 Final Assessment was produced for four major reasons: to satisfy the
ROD commitment for the BDPAC Water Quality Subcommittee’s final assessment
of progress; to provide the drinking water quality context for End of Stage 1 conveyance decisions;
to integrate and synthesize the scientific information of Delta drinking water quality from the source
to the tap and use the synthesis to identify and prioritize water quality actions for Stage 2; and to
develop an initial comprehensive set of WQP performance measures in order to move the program
to a performance-based program in Stage 2.

The findings and recommendations related to End of Stage 1 decisions and Stage 2 priorities are
presented below. The findings and recommendations for performance measures are summarized in
this chapter; a more thorough report on performance measures based on this report is attached as
Appendix C so that it can evolve into the WQP’s Phase II report on Performance Measure
Implementation.

7.1 CALFED Water Quality Objective and the Water Quality Program

The general water quality objective of the CALFED agencies is to “continuously improve Delta
water quality for all uses, including in-Delta environmental and agricultural uses.” The CALFED
Water Quality Program has focused on the drinking water objective to “provide good water quality
for the millions of Californians who rely on the Delta for all or a part of their drinking water.” The
CALFED Ecosystem Restoration Program has managed the ecosystem water quality objectives.
Agricultural use protection has been indirectly provided by WQP bromide and salinity objectives
within the framework of a through-Delta conveyance system.

The specific drinking water quality target identified in the ROD is “to achieve either: (a) average
concentrations at Clifton Court Forebay and other southern and central Delta drinking water intakes
of 50 pug/L bromide and 3.0 mg/L total organic carbon, or (b) an equivalent level of public health
protection” (ELPH) “using a cost-effective combination of alternative source waters, source control
and treatment technologies.” Close collaboration with a public water quality stakeholder group is
also directed by the ROD, and this final assessment report is one outcome of this collaboration.

The ROD also envisioned an overall program that measured its progress towards described targets,
in more than simple accounting terms. The WQP views this report as an important step in moving

towards a program that measures its funded projects by the progress they make in meeting program
objectives in water quality from the Delta watersheds through to treatment plants.

7.2 Assessment of WQP Stage 1 Progress

During Stage 1, the WQP funded $83.1 million to 70 projects throughout the CALFED solution
area. 37 of these projects have been completed, and the majority of the remainder will be completed
by the end of 2008. The majority of these projects are focused on source improvement, the next
greatest number are research and assessment projects, addressing the full suite of drinking water
constituents of concern. Funded projects dealt primarily with non-point sources including irrigated
agriculture, dairies, grazing, and urban stormwater. WQP projects have locally achieved some
measurable water quality improvements, helped improve tap water quality with advanced treatment
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technologies, and have advanced our understanding of the potential for water quality improvement
in the system.

Many of the same issues identified in the Initial Assessment of Progress continue to hinder
implementation. Funding continues to be limited to grants programs with spending constraints that
restrict the programs ability to implement its highest priorities. Because of these funding constraints,
the great majority of new projects have addressed agricultural source improvement while
performance measurement has been underfunded. Another issue is the large percentage of selected
projects that are still in progress. Several projects scheduled for completion in the next 1-2 years will
provide information critical to the future direction of the program.

Little WQP funding was awarded in 2005 and 2006, though there has been an additional two years
of implementation of projects funded in the first five years of Stage 1. Projects have been more
likely to inform WQP strategy than to actually make measurable progress towards program targets.
This final assessment, therefore, examined information on the existing drinking water quality in the
Delta watershed, compared it to quantified WQP targets and surrogates, and refined information on
the sources and timing of constituents of concern at Delta intakes. The final assessment effort also
represents the first attempt by the WQP to quantify conveyance and treatment information
throughout the solution area, as well as to incorporate new information on potential future
conditions. The 2005 report recommended that the water quality context be more explicitly assessed
and defined through a performance measure program.

It is clear that the numeric CALFED source water quality targets have not been achieved during
Stage 1; however, there are still data and interpretation constraints on evaluating whether “an
equivalent level of public health protection” is being achieved. The source water and ELPH targets
come together to inform the progress of the WQP, but the WQP has not yet fully developed either
a definition or information to satisfactorily link its source water quality and treated water quality
targets and therefore accurately assess its progress. It is also not clear the ROD intended that these
targets be fully achieved during Stage 1. The use of targets for treated water quality and source water
quality may also need to be expanded to more fully represent the challenges of treating Delta waters
for drinking purposes.

The Delta intakes of concern to the WQP are the Barker Slough Pumping Plant in the northwestern
Delta, the City of Antioch’s intake in the western Delta, Contra Costa Water District’s Old River
and Rock Slough intakes, the Harvey O. Banks (Banks) Pumping Plant, and the C.W. Jones
(formerly Tracy) Pumping Plant in the southwestern Delta. The WQP interprets the “average
concentrations” of bromide and total organic carbon as running annual averages. Available data
from 1986 to 2006 was used to calculate running annual averages (RAA) at all but the City of
Antioch’s intake'. Running annual averages are presented in Table 7.1, and show that existing
conditions do not meet the source water targets of 50 pg/L bromide and 3 mg/L total organic
carbon (TOC) and that an evaluation of the alternative target (ELPH) is required.

The WQP did attempt to develop a quantitative assessment of the ELPH target through the
evaluation of treated water quality and the treated water quality goals used to develop the Delta
water quality targets’. These treated water quality goals are averages of 40 ug/L total
trihalomethanes, 30 pg/L haloacetic acids (five species), and 5 pg/L bromate. The WQP examined
the data available from the California Department of Public Health’s (CDPH) centralized database
for 54 water treatment plants (WTP) throughout the CALFED solution area and the Delta
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watershed. The WQP also examined data obtained from nine treatment plants for the years 2004-
20006. Available treated water data was significantly limited, what little data was found suggested that
many treatment plants meet some of these treated water quality goals. The use of treated water
quality values as a quantification of ELPH are not ideal — both because it is time intensive to collect
the data and because treated water quality is affected by many factors in addition to source water
quality; a more fitting measure should be identified in Stage 2.

Table 7.1 Running Annual Averages of TOC and Bromide at Delta Intakes

Intake Period (Number | TOC RAA | Period (Number Bromide
of samples) range of samples) RAA range
mg /T ng/L
H.O. Banks 1986-2006 (170) | 3.0—4.5 | 1990-2006 (210) 89 — 424
C.W. Jones (Tracy) 1986-1989 (29) 2.7-3.6 | 1990-2006 (135) 99 — 404
CCWD Old River 1994-2006 (176) | 3.0-5.0 | 2005-20006 (188) | 133 —190
CCC (Rock Slough) 1991-2006 (169) | 3.0-9.0 | 2005-2006 (188) | 180 — 233
NBA (Barker Slough) 1988-2006 (182) | 6.0-9.4 1990-1996 (99) 42175

7.3 End of Stage 1 Decisions

The CALFED Record of Decision (2000) calls for an assessment by a stakeholder group (BDPAC
Water Quality Subcommittee) on the Stage 1 progress towards the drinking water quality targets and
treatment technology objectives. There is also a related assessment required before construction of a
new 4000 cfs screened diversion on the Sacramento River is considered. The ROD establishes a
framework for consideration of any “additional conveyance facilities or water management actions”
consisting of a determination of the need for such facilities based on its role in improving drinking
water quality, the demonstration that such facilities would not negatively impact fish, and evaluations
of progress towards CALFED drinking water quality and ecosystem restoration goals. The findings
of this report address the Subcommittee “final assessment” requirement and are used to make some
initial findings on the role of conveyance in providing an equivalent level of public health protection
from the Delta.

7.3.1 Delta Conveyance Decision

There are two tiers of assessment and decision related to Delta conveyance in the ROD: the first tier
is a decision on a Through-Delta Facility’ within the Preferred Program Alternative of through-
Delta conveyance, and the second tier is a decision on “future additional conveyance facilities or
water management actions.” Both of these decisions are predicated on evaluations of progress in
drinking water quality improvement and fish recovery. During the last two years, however, this
decision has since become part of a much bigger policy discussion — the Delta Vision Process. This
bigger policy discussion was triggered by the drivers of change identified by the Delta Science Panel,
current increased conflicts in water supply, water quality, and the ecosystem due to the decline of
Delta smelt, and the levee system collapse and resultant devastation in the New Orleans area (all of
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which have occurred in the past three years). This assessment will not address the larger policy
issues, but only discuss the conveyance issue in terms of drinking water quality.

The ROD asks the question “how can water suppliers best provide a level of public health
protection equivalent to delta source water quality of 50 parts per billion (ppb) bromide and 3 parts
per million (ppm) total organic carbon?” The strategic answer lies in determining the scale, the cost,
the timing, and the reliability of water quality improvement options. The WQP has just begun to
develop some of the tools to inform the strategy of providing an equivalent level of public health
protection — during Stage 1 the tools of this strategy were identified (Figure 2.3), the sources, timing
and reliability aspects of some of the tools were explored, and additional needs and steps were
initially identified. Conveyance is one of the tools identified, though little effort has been dedicated
to defining “conveyance” with any specificity.

Conveyance influences water quality, and not just drinking water quality. While conveyance through
the Delta links the upper watershed sources to Delta intakes and treated water quality, the Delta also
serves as a common resource for a number of uses, such as aquatic species habitat, in-Delta
agricultural water supply, and a significant portion of California’s water supply. This sharing of the
Delta has brought many diverse parties together to improve its conditions for all of its uses. The use
of the Delta for much of the state’s drinking water is therefore only one consideration for the future
of the Delta, and any conveyance changes should be analyzed for the benefits to and impacts on all
uses.

During Stage 1, CALFED has studied and learned much about the movement of water through and
within the Delta. Three specific conveyance projects were studied by the CALFED Conveyance
Program: Delta Cross Channel Reoperation, Franks Tract, and a Through-Delta Facility. These
projects represent single actions that can most significantly (of those projects analyzed to any
degree) reduce levels of bromide at Delta intakes and they also increase the ability of treatment
plants to meet “an equivalent level of public health protection” when combined with either blending
opportunities or improved treatment processes. More importantly, the Delta Cross Channel
Reoperation and Franks Tract projects can be implemented quickly, potentially have multiple
benefits, and cost less than $100 million. The long-term reliability of these projects is less certain,
due to the uncertainties of the future.

Many versions of conveyance have been discussed within the Delta Vision process, yet none have
been specifically analyzed to determine how they would change water quality in the Delta.
Therefore, the first step in conducting these analyses is identification of the factors that will be
important to drinking water quality in analyzing conveyance alternatives for their role in achieving an
“equivalent level of public health protection.” While conveyance alternatives are defined and
analyzed during Stage 2, the WQP should continue its work to define the capabilities, scales, and
costs of the other tools that contribute to achieving WQP goals, especially on the treatment side of
the equation. The CALFED Science Program should continue to define and assess the range of
potential impacts of the drivers of change identified by the Delta Science Panel. These drivers of
change should be explored for their timing and extent, and metrics identified to track their
progression. All of the work in Stage 2 should strive for better integration and communication than
was achieved in Stage 1.

Seawater intrusion, the cause of high bromide concentrations at Delta intakes, cannot be reduced
through source controls, but must be managed through project operations, changes in the amount
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of other water diversions, or through changes to the conveyance of water through the Delta. The
WQP has identified an initial list of needed analysis and considerations for designing a Delta
conveyance solution:

1.

There are six existing intakes that receive water conveyed through the Delta and two
additional intakes planning to do the same. Existing Delta intakes are the Harvey O.
Banks Pumping Plant, the C.W. “Bill” Jones Pumping Plant, Contra Costa Water
District’s Rock Slough and Old River intakes, the City of Antioch’s San Joaquin River
intake, and the Barker Slough Pumping Plant. Planned and potential future Delta intakes
include the City of Stockton’s new intake, Contra Costa Water District’s Victoria Canal
intake, and an alternative to the Barker Slough Pumping Plant. Some regions rely on a
single intake for their water quality, others on multiple intakes. Water quality at all of the
intakes, for a full range of historic and potential future hydrologic conditions should be
analyzed for improvements from conveyance alternatives.

Drinking water quality in the Delta has historically focused on salinity, but needs to
focus on a broader spectrum of parameters to avoid redirected water quality impacts and
to understand impacts on the recipient water treatment plants. Salinity is an important
parameter that serves as an indicator of the usefulness and reliability of water supplies,
but there are other parameters that are critical to providing a safe drinking water supply
that is affordable and palatable. Numerical models should be improved to provide a
fuller suite of information on water quality, including constituents of concern to
ecological function. The current list of drinking water constituents of concern is based
on the historic occurrence of these constituents in the Delta. This list should be
reevaluated based on proposed conveyance alternatives.

The multiple barrier approach should be used to protect drinking water under any
scenario. The multiple barrier approach implies investments in all aspects of drinking
water protection: source watershed protection, treatment upgrades, or conveyance
changes should not be viewed as substitutions for each other. Regardless of the
conveyance outcome, watershed and treatment investments should continue with
appropriate adaptation to water quality changes and resultant priorities.

Only a portion of water diverted from the Delta is used for drinking, other portions are
used for domestic, industrial, commercial, landscaping, and agricultural purposes, which
may have different water quality considerations. It is important to recognize that we are
on the verge of a new era, where resources are limited and their use should be optimized.
While the ROD talks of matching water quality to water use, it has not been
implemented in any meaningful way. Conveyance alternatives should recognize the water
quality needs of various purposes, and utilities should be encouraged to consider these
differences in future planning efforts, through Integrated Regional Water Management
Plans. Also, many utilities use a blend that includes Delta water. The opportunities for
water quality improvement within that blend should be explored with IRWM plans as
well, to essentially optimize the water supply and quality demands from the Delta.

Solutions should incorporate uncertainty, and maintain or increase flexibility to manage
for water quality and water supply. Recent events should serve to reinforce the need to
think outside of the historic context in our future planning. Specific aspects of
uncertainty and flexibility should be developed in concert with water supply managers
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and drinking water utilities, and then used to evaluate alternative strategies. Flexibility
and diversity may be the best weapon against an uncertain future.

6. Monthly sampling may not be adequate to understand water quality conditions. Current
planning analysis is based on one monthly sample or averaged monthly values. The
WQP recognizes that it needs to better understand the role of variability in public health
protection, and this could significant impact the importance of variability in Delta water
quality. There are also many parts of the system, such as in-Delta land uses, which do
not currently assess water quality, and therefore cannot inform this critical analysis.

7. 'The variability of the Delta will change with climate change and with food web changes,
these changes need to be better understood. Delta functions strongly influence one
another — the food web and species profile can affect water quality and vice versa. Future
changes like climate change, population growth, and invasive species have the potential
to have huge and even synergistic and geometric impacts on Delta water quality. Efforts
should be made to begin to assess these changes.

8. Restricting intakes to a smaller watershed increases the importance of source control
within the watershed, as well as the importance of understanding sources that cannot be
controlled and should instead be managed for. Delta intakes serve a large part of
California’s drinking water, share a very large watershed, yet the population within the
watershed is hardly versed in drinking water protection. This large watershed is
comprised of subwatersheds with a large variety of land use — the interplay of these land
uses, hydrology, SWP/CVP project management, and Delta hydrodynamics all come
together to influence Delta water quality. These subwatersheds attenuate each other as
they mix within the Delta. Reducing the size of this watershed (through conveyance
alternatives limited to subwatersheds) only increases the importance of protecting the
watershed.

Once a conveyance strategy is chosen, Stage 2 WQP actions should also be adapted accordingly.
Modeling studies would also help the WQP to assess the reliability of its implementation
approaches.

7.3.2 Treatment of Delta Water

The ROD also identifies an End of Stage 1 decision related to treatment technologies. Under the
ROD milestone to support the Delta Drinking Water Council (now the BDPAC Water Quality
Subcommittee), this report is intended to fulfill the obligation of the Council to “complete a final
assessment and submit recommendations on ... alternative treatment technologies by the end of
2007.” Under the ROD milestone to Invest in Treatment Technology Demonstration, this report is
intended to fulfill the obligation to “evaluate practicability of and determine timeliness for full-scale
implementation by the beginning of 2007,” by presenting the process in place for Stage 2.

The WQP has funded four alternative treatment technology demonstration studies: bromate
suppression through pH adjustment, ultraviolet light technology, multiple disinfectants, and ion
exchange resins. These demonstration studies have successfully allowed utilities to demonstrate the
applicability of alternative technologies in treating their region’s source water quality conditions and
to identify additional promising studies. These demonstration studies also allow treatment plants to
partner within a region to achieve multiple benefits with one project. Stage 2 already includes the
implementation of regional demonstration plants in two regions within the Proposition 84 grant

CALFED 7-6 CALFED Water Quality Program
—all BAY-DELTA )
it Stage 1 Final Assessment
B, PROGRAM



program. These regional plants will cover all but the California Aqueduct region. The CDPH is also
funding a number of projects that are upgrading existing treatment plants with alternative
technologies to address disinfection byproducts. These projects will be used as case studies to
determine if project funding can be directly correlated to achieving or being able to achieve “an
equivalent level of public health protection.”

The WQP, with Reclamation funding, reviewed the findings of the four demonstration studies and
determined that Stage 2 should focus on better disseminating the information learned in these
studies as well as information gathered by the Stage 2 regional demonstration plants.

Also under the ROD milestone to Invest in Treatment Technology Demonstration, projects to
demonstrate desalination of agricultural drainage were also discussed. Agricultural drainage in the
San Joaquin River is being examined more holistically through Reclamation’s San Luis Drainage
Feature Reevalation Project, Reclamation’s (salinity program), the Westside Drainage Plan (funded
through the Integrated Water Management Resources Program), and the Regional Water Board’s
Salinity Policy. The WQP recommends that future funding of desalination of agricultural drainage
come through these programs and not be included in the WQP unless a direct reduction in salinity
at Delta intakes can be demonstrated.

7.4 WQP Stage 2 Priorities

As a follow up to the 2005 initial assessment of progress and in anticipation of Stage 2, the WQP
engaged in technical studies (with consultant support through funding from Reclamation and the
CALFED Science Program) to integrate and synthesize the scientific information of Delta drinking
water quality from the source to the tap. This report is the culmination of both those technical
studies and a number of recent water quality research studies and data assessments. Based on this
information, the WQP is making the following recommendations for actions and priorities in Stage
2, assuming Stage 2 will last at least 10 years.

7.4.1 General Strategy

The focus of the WQP in Stage 1 was primarily on the study and reduction of disinfection
byproduct precursors in the Delta watershed and near Delta intakes. The WQP also made small
investments in alternative treatment technology studies and on pathogen sources and controls. This
is due to the nature of the identified Stage 1 actions and the specific numeric targets for bromide
and total organic carbon. The WQP should continue to embrace the multiple barrier approach in
Stage 2, regardless of the conveyance decision or chosen Delta vision. The protection of public
health is best provided by the protection of sources of drinking water.

7.4.2 Interpretation of Targets, Objectives and Goals

The two-pronged WQP target has been interpreted as trying to capture the idea of a multiple barrier
approach to drinking water protection. The WQP has done much to better define and characterize
the elements of a multiple barrier approach in the Delta; the ELPH diagram is evolving into the
more complex conceptual models presented in this report. These conceptual models still focus on
the source water bromide and total organic carbon numeric targets and use their associated treated
water quality targets as a surrogate for “an equivalent level of public health protection.” In a way,
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having numeric targets has benefited the WQP by giving it a specific focus, yet undermined the
ability of the WQP to look at water quality in a more integrative and adaptive way.

Source water quality targets are running annual averages of bromide and total organic carbon at
Delta intakes. There are several difficulties with these targets: running annual averages require
consistent sampling, dissolved organic carbon may be a more consistent measure of organic carbon
than total organic carbon, and running annual averages based on monthly grab samples do not
capture concentration variations. Future assessments should continue to evaluate the consistency of
sampling and continue to characterize peaking and variability. The WQP should also continue to
support studies to better understand the role of organic carbon quality in DBP production.

Treated water targets were evaluated through a new effort in 2007, by analyzing available CDPH
data for 54 water treatment plants and two-years of data provided by nine water treatment plants
throughout the CALFED solution area. Although this was a relatively substantial effort for the
WQP, it represents only a small step towards assessing “an equivalent level of public health
protection” (ELPH) goals. The WQP will need to continue to make progress in this area to start to
understand this half of its ROD commitment. During the development of the treated water quality
information for this report, the difficulties with focusing on treated water quality as a program target
also became clearer. The WQP is not developing new treated water quality regulations, which is the
only way to ensure a specific treated water quality outcome at all treatment plants. This is because
water treatment plants make their treatment decisions based not only on the standards but also a
myriad of factors unique to each plant, even when they share a common water source. Discussions
within the BDPAC Water Quality Subcommittee meetings and smaller groups of technical
stakeholders lead to the concept of developing an alternative expression for ELPH that is broader
than a few disinfection byproducts and more representative of the role of Delta water quality in
treated water quality. Although this alternative expression was not successfully identified in this
analysis, it should be developed eatly in Stage 2. Treated water quality can be examined, but only as
indirect ELPH targets.

The idea of an “equivalent level of public health protection”, like DBP regulation, is based on the
idea of reducing health risks. In addition to better defining a current quantification of “ELPH”
described above, the WQP should also seek to define the public health risk goal that defines that
quantification. The WQP recognizes that it needs to better understand the role of variability in
public health protection, and this could significant impact the importance of variability in Delta
water quality. An integrated public health risk goal or target could serve to guide the WQP into the
future, as treated water regulation, source waters quality, and public health studies evolve.

Because the WQP target is meant to represent the multiple barrier approach to protection of public
health, the WQP must continually assess the relevance of its constituents and targets, based on
source water quality, regulatory direction, and treatment technology development. As examples, the
current locational monitoring of DBPs in distribution systems may have an impact on the source
water quality needs of treatment plants and current research into new disinfection byproducts and
their health effects may give an indication of future source water quality concerns. There are no
recent studies that would cause the WQP to alter their existing targeted constituents, but
information developed by the Central Valley Drinking Water Policy and Stage 2 WQP actions
should continue to inform this process.
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7.4.3 Reducing Bromide Concentrations at Delta Intakes

Where bromide is found at concentrations of concern for drinking water supply, the ocean is the
source. This is particularly the case in the Delta. High quality freshwater sources in the Delta
watershed have very low bromide concentrations; the average bromide concentration in the
Sacramento River at Hood is about 14 ng/L and is often less than the 10 ug/L detection limit.
Where freshwater has been contaminated with even small amounts of seawater, concentrations are
much higher.

The most significant source of bromide at Delta intakes is the ocean. Current transport of water
supplies through the Delta results in a varying proportion of ocean water reaching Delta intakes.
The largest identified opportunities to reduce bromide levels, given continuation of existing
operations, come through the reoperation of the Delta Cross Channel and the construction of the
Franks Tract Project. These projects would not reduce bromide to WQP target levels, but combined
with other actions have the potential to meet the ELPH target. Reductions in bromide at Delta
intakes would reduce bromide recycling through the San Joaquin River as well.

The upcoming decisions on the future of the Delta and the routing of water supplies will most likely
be driven by salinity issues. Isolated routing of low-salinity, low-bromide Sacramento River water
through Delta intakes to treatment plants would eliminate the need for many of the current
technologies employed to reduce disinfection byproducts.

7.4.4 Reducing Constituents of Concern in the Delta Watershed

Organic carbon and nutrients originate from a variety of locations and activities in the Delta and its
watershed and vary under different hydrological conditions. High quality freshwater sources in the
Delta watershed have the lowest average TOC concentrations but also high peak TOC
concentrations. Median TOC concentration in the Sacramento River at Hood is 1.7 mg/L with
peaks up to 8.6 mg/L; the median TOC concentration in the San Joaquin River at Vernalis is 3.3
mg/L with peaks up to 10.5 mg/L. Delta islands are viewed as significant sources of organic carbon,
with dissolved organic carbon (DOC) medians ranging from 10 to 20 mg/L and peaks up to 100
mg/L.

Much of the data and information presented in this report was collected through the Central Valley
Drinking Water Policy. The goal of the project is to develop the technical studies needed to support
the development and adoption of a drinking water policy by the Central Valley Regional Water
Quality Control Board (Regional Water Board). The drinking water policy would be a regulatory
program focused on sources of constituents of concern, although it is too early to say exactly what
regulations it may propose. This process will continue to be an important component of the WQP.

Water quality data, modeling, and assessment suggest that organic carbon improvement be focused
on the reduction of long-term averages. Sources with the highest average concentrations of organic
carbon, nutrients, and algae are Delta islands and drains within the San Joaquin and Sacramento
River watersheds. One demonstration project to control Delta island carbon is just beginning, but
could be instructive for future funding. Partnering with the Irrigated Lands Program and their
related agricultural coalitions - some of which have been funded by the WQP - is recommended to
assist in identifying priority watersheds with willing partners.
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Field data and sensitivity modeling results should be used to focus source improvement priorities
from general activities throughout the watershed to suites of activities within specific high-priority
subwatersheds. In Stage 1, source improvements were generally funded on a constituent by
constituent basis throughout the watershed based on a competitive proposal process. In Stage 2, the
strategy for source improvements should change in order to implement improvements that can be
physically measured. The Willow Slough project is an example of this concept: covering a small
watershed that contributes to the Sacramento River, investigating a variety of best management
practices (BMPs) over different land uses, and monitoring and assessing changes to many
constituents across the watershed. This project and the experience of other smaller projects can be
used to build a framework that would allow a larger organization to fund actions across a watershed,
with watershed-wide goals and performance measurement and reporting.

The WQP could also improve its ability to prioritize actions within the Delta watershed. For
example, there is very little information available on the cost-effectiveness of BMPs to control
organic carbon. A framework for assessing the cost-effectiveness of BMPs (for drinking water
constituents of concern) could be developed for WQP funded projects and as an outreach tool for
other currently practiced BMPs. Numerical watershed models could be developed for the Delta
watershed and combined with land use and BMP cost-effectiveness information to determine the
overall costs and potential effectiveness of different strategies. The WQP could also improve its
outreach to organizations within the Delta watershed on the concerns of drinking water interests.

The upcoming decisions on the future of the Delta and the routing of water supplies may have an
impact on the scale of the watershed of concern. Should the Sacramento River become the sole
source of water to Delta intakes, the watershed of concern would be limited to the Sacramento River
watershed. While this eliminates the priority sources identified above, it also eliminates the transport
and mixing of water that occurs in the Delta, which is generally credited with attenuating
concentrations of pathogens and volatizing pesticides and herbicides prior to Delta intakes. As part
of any future conveyance studies, a larger suite of water quality constituents should be examined for
their potential impacts on drinking water quality. The Sacramento River has not been studied or
monitored to the degree that the San Joaquin River has, and therefore potential sources of drinking
water constituents of concern will need to be identified and characterized as well. If the watershed
does become smaller, it will need to be protected more vigorously, especially as it has the potential
to experience considerable population growth. Opportunities should then be investigated to
institutionalize protection of drinking water within the watershed, through collaborative
partnerships, regulatory measures, and best management practice requirements on urban
development.

The presence of algae in drinking water conveyances is also a concern that should be prioritized.
There is a need for increased strategic monitoring to both understand the drivers of uncontrolled
algae growth (light, temperature, nutrients) and serve as an early warning system. Acceptable algae
control options should be explored with WQP implementing agencies and fish agencies to increase
the ability to remove algae early, both in time (at first sign of growth) and in space (Clifton Court
Forebay).

7.4.5 Improving Water Quality “Downpipe”

By “downpipe” we mean in the California Aqueduct and Delta Mendota Canal systems and similar
conveyance and storage systems after the water is diverted at the Delta intakes. In Chapter 0,
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treatment plants were grouped based on the Delta intakes and their respective water quality. All of
the regions except the Upper Watershed Region are comprised of treatment systems that have
conveyance elements between the Delta and the treatment plants. All of the regions have challenges
specific to their conveyance, storage, and local watersheds. In Stage 1, the WQP funded several
projects to improve conveyance, storage, and local watersheds; in Stage 2, the Integrated Regional
Water Management Program (IRWMP) also provides opportunities for funding solutions to regional
problems. The WQP should continue to build its understanding of each region, through the ongoing
evaluation of additional water treatment plants, including WTPs in low income communities and
small rural areas. The WQP should also continue to collect treated water quality data so that it can
capture a fuller range of source water quality conditions. The current effort prioritized WTPs relying
almost exclusively on the Delta, future efforts should include WTPs with multiple sources, in order
to understand the role of those sources in water quality and supply reliability. The WQP should also
partner with the CALFED Storage and Conveyance programs to better understand and quantify the
role of water quality in water supply reliability.

Regions using Delta water supplies also tend to have regional solutions. As Stage 2 moves regional
actions into the Integrated Regional Water Management Program (IRWMP), the WQP should assist
the IRMP in encouraging plans to include full assessment of water quality management and in
funding projects that contribute to WQP goals. One goal of the IRWMP could be to increase the
diversity of tools employed by each regions to achieve water quality reliability and to plan for the
variety of risks identified by the Delta Science Panel.

The North Bay Aqueduct region is challenged by high average and peak concentrations of total
organic carbon, contributed by local watershed sources. This region would significantly benefit from
a regional solution to resolve this issue, potentially though intake relocation or water supply
swapping with higher quality sources currently used for agriculture.

The Delta/South Bay Aqueduct region is challenged by highly variable water (both on daily and seasonal
timescales) with little to no attenuation between the Delta and treatment plants. As a result of this source
water quality, treatment plants in this region are some of the most sophisticated plants in the state.
Maintenance or improvement of the current range of Delta water quality is very important to this region, in
order to protect these infrastructure investments. Reservoirs between the Delta and treatment plants can be
operated to attenuate water quality provided they are large enough. The WQP has funded projects to reduce
local sources of water quality degradation to Contra Costa Water District intakes and to assess local sources
of degradation to the South Bay Aqueduct. Further opportunities to improve these conveyances exist: lining
or encasing unlined conveyance, covering open canals, or reducing local watershed sources. Improved water
quality can also be achieved through alternative Delta intake locations.

WTPs in the California Aqueduct region (those treatment plants downstream of the San Luis Reservoir
complex) have problems and challenges similar to those experienced by plants located closer to the Delta, but
are altered through operations at the San Luis Reservoir complex. Some water treatment plants in this region
have adjusted processes, operations, and pre-plant infrastructure in order to treat Delta water to meet and
exceed treated water regulations; other plants are in the process of making adjustments. Maintenance and
improvement of existing water quality is crucial to maintaining these investments as well as to maintaining
and improving treated water quality. Better characterization of San Luis Reservoir complex water quality, the
implementation of a real-time water quality monitoring and forecasting system, and improvements to nutrient
monitoring and controls are actions that would assist all treatment plants in this region. A few plants benefit
significantly by the presence of large reservoirs within the conveyance system; though reservoirs have their
own water quality issues.
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7.4.6 Demonstrating Alternative Treatment Technologies

Two projects will be funded and implemented in Stage 2: regional demonstration plants in the North
Bay Aqueduct and the Delta/South Bay Aqueduct regions. The goal of these alternative technology
projects will be to explore the use of membrane and ultraviolet light technologies, rather than
alternative chemical disinfectants, especially considering potential future requirements for additional
disinfection. The WQP should work with these projects to make results available to all Delta water
users who might benefit from their findings.

7.5 Performance Measures

Performance measures are fundamental to a performance-based program in Stage 2. This report has
identified performance metrics and compiles performance measure information into Appendix C,
but they do not represent a full suite of performance measures. More data, research, and assessment
is needed to develop the full suite. The best way to characterize expectations and monitor the results
of actions is to adopt and implement a performance measure system. Without dedicated funding,
performance measures will not be implemented. Without performance measures, programmatic
assessments will continue to be resource intensive.

7.6 Gaps in Knowledge

Bromide is relatively well monitored and understood. Organic carbon, because it is a measurement
of multiple compounds, is less well characterized and not as well understood. The drivers of the
nutrient-algae cycle have been anecdotally identified, but monitoring of the cycle is minimal.

One high priority for Stage 2 is to improve our understanding of organic carbon quality within the
watersheds and its role in disinfection byproduct formation. This knowledge can then be used to
improve our monitoring, assessment, and priorities for reducing sources specific to organic carbon
quality. This knowledge can also be used to understand the potential conflicts with ecosystem
organic carbon needs.

For nutrients and algae, there are two potential approaches. One is to improve our scientific
understanding of the cycle in the Delta and the conveyances and reservoirs of our drinking water
infrastructure, with a focus on identifying the controllable drivers. The other is to investigate
alternative herbicide chemicals or removal methods that are cost-effective and acceptable to fish
agencies for removing algae from infrastructure, including Clifton Court Forebay.

Monitoring will therefore continue to be an issue for the WQP. Although the WQP has funded the
purchase of monitoring equipment and isolated sampling studies, it has not had the resources or
authority to fund or direct monitoring efforts. Monitoring will become increasingly important as the
uncertainty in the system changes the system, in order to capture changes and their causes. The
WQP should partner with agencies and stakeholders to lobby the state legislature to drastically
improve the state of California’s monitoring.

Another important area of work for the WQP in Stage 2 is the further refinement of the “equivalent
level of public health protection” endpoint, to find a measure that captures the role of source water
quality in the ability to treat water to ELPH targets. This should be pursued through collecting
additional WTP data, working with WTPs to better define the measure, and through the
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development of a public health risk baseline. Only through this work will the WQP be able to
satisfactorally evaluate its ROD targets.

The other large gaps in knowledge lay in the characterization of future uncertainties. The CALFED
Science Program has qualitatively identified several future risk conditions. Adding specific detail to
these uncertainties or developing numerical models capable of exploring ranges of potential future
conditions would help the WQP to identify implementation priorities and satisfactory performance
measures.

7.7 Assessment and Reporting

One recommendation of this report is for continued assessment and reporting in Stage 2. The two
assessments conducted in Stage 1 were intensive efforts, primarily because of the data collection
involved. Once a performance measure program is established, this reporting could be done
annually, utilizing and updating the large amount of data accumulated, and expanding to work with
related programs. This assessment report should also be used to create an interactive conceptual
model of drinking water on the CALFED website, based on the models envisioned by the CALFED
Science Program and demonstrated by the Delta Regional Ecosystem Restoration Implementation
Plan effort.

1 This data was not publicly available.

2 Averaging scheme based on the Bay-Delta Water Quality Evaluation - Draft Final Report.
Malcolm Pirnie, Inc., Camp, Dresser and McKee, University of Cincinnati. June 1998.

3 “A screened diversion facility on the Sacramento River with a range of diversion capacities up to 4,000
cfs as a measure to improve drinking water quality”
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