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Geographic Scope of Water Quality Program

The geographic focus of the WQP is the Delta, which has
been identified as the primary "problem" area by CALFED.
This area consists of the legally defined Delta, Suisun Bay to
Carquinez Strait, and Suisun Marsh. Some species (e.g.,
anadromous fish) that inhabit the Delta are impacted by
conditions outside the Delta. Also, areas outside the Delta
are sources of water quality problems affecting the Delta, its
inhabitant species, and users of Delta water. In resolving the
water quality problems of the Delta, the WQP recommends
that actions be taken throughout the geographic solution area,..,
as necessary.                                                               ’;~ ~,

WATER QUALITY TECHNICAL REPORT/

The Water Quality Technical Report defines the basle
structure of the WQP including:;.~..,~,~:.
¯ beneficial use issues
¯ water quality pz

uses,

¯ water quality
¯ existing programs co.ncern,
¯ CALFED

.̄ ¯     ~’~           .¯     a momtonng .~t assessment            and
evaluate action effecttveness,

activitie ongoing
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watershed management activities¯ representatives¯ The ~agricultural team was represented by
agency staff, farme)si~d.!~griculturaI water suppliers¯ Using

In addition to defining the CALFED Water Quality Program availab~idata an~d:~c~knowledge:~ -.~ ~--the teams identified
information from the Water Quality Technical Report will be "par~ers of concerrt~":tliat were of conce~to their
used to assess impacts as part of the CALFED Programmaticbeneficial use,of.water. The teams also ~dent~fied actions that
EIS/EIR process. Following is a summary of the main mightbe takgn’to reduce tties,epararr~eters. CALFED then
components of the Water Quality Technical Report. in-~!tedadd!t~onal stakeholde}~::~S.joia in the process,

specifically those who might be impacted from
SELECTING PARAMETERS OF CONCERN impleNel~ati~6n::ofthe recommended water quality actions.

The CALFED Water Quality Program has accessed and        o.. ".~. ~-::~ ~.;.- .....
utilized a large group of water quality technical experts to
assist in the development of the Water Quality Program.
These stakeholders, known as the Water Quahty Techm~al.:;"
Group, represent federal, state and local agencies, ....... :~:~ii;;...
environmental advisory groups, industry, (pesticid.e;.~ng,
etc.), agriculture, recreation, urban water supply, and:~:~     -
watershed interests¯                      ., ~~ ~

Initially, three .r~ ~ormea’to
identify the source
ecosystem, urban and
ecosystem team was primarily
agency representatives of Fisli:~d Table E-1 identifies parameters that have been identified by

~ the Water Quality Technical Group as currently of concern toGame, US Fish and Wi!.~" .

beneficial uses of water. This list may change over time inProtection Agency, Cal.it’0m~a and Game
and Pesticide Re and response to additional knowledge and understanding of these

and Region 2 and other parameters.

and 5 Water urban team
In addition to the technical workgroup meetings CALFEDincluded both agency
has held workshops to inform the general public about the
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water quality program’s activities. CALFED staff have also Advisory Committe~ has beeffkept appraised of the water
met with a variety of groups including the Clean Water quality prQgram’s, ~mgr~ss through informational segments at
Caucus, Califomia Water Environment Association, and the their~.lhrly sche~u!~nie~ings.
California Urban Water Agencies. The CALFED Bay Delta ,~?~" ~, " " " :~]:~,         ’

Table E-1 Parameters of Concern to Beneficial Uses ,""’~,~:,~ ~.~.:    ’ :~<! ,?!!:~    ~,~
Environmental Drinking Water Agriculture iReereational Iiidustrial

Metals&Toxic Disinfection By- Other Metals :: .-:~:, Other
Elements Product Precursors Boron ~:i. "Mer~’~:.:i.ii!:: ~ ~
Cadmium Bromide Chloride :, ~:’i I Organics~esti¢id~s pH

:?PCBs ":i:!.i , i"i~ ;~ AlkalinityCopper TOC Nutrients (Nit~a,te).iiii::i: .,,,~.~ ~ ,
Mercury Other pH (Alkalini~)~’:::k2?:~ :÷DDT : ~ Phosphates
Selenium Pathogens Salinity (TDS, EC)..~? ~ Other,:" Ammonia
Zinc Turbidity SAR ’~::"       ";P~th6~ens
Organics/Pesticides Salinity (TDS) Turbifi:~’y ,:@ ~ti~i)i~s
Carbofuran Nutrients (Nitrate) T~n~rature: :): .,,
Chlordane pH .~;:::v~ ’: ~’~:~

Other                            .~- , :’~::~.,.

Dissolved Oxygen ~.(~ :~
Salinity (TDS, EC)~ ~:=~"
Temperate ~

* to ob: aquatic toxici~ the so~ce of which is ~o~.
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IMPACTS TO BENEFICIAL USES OF WATER municipal drinking water supplies by combining with water
treatment:disinfeptants:toP}oduce harmful by-products such

Drinking Water as trihai~i~ethan~s~(iQ~pai~icqlar concern to drinking water is
agri~i~al drainagefrom Dolta Islands because the peat

The Delta is a source of drinking water for about 20 million, soil’~:i’,~f the Del~}~bntri~bute~organic carbon to the agricultural

or two-thirds, of all Californians. Beneficial use of drinking drain~fige water. Delta div~i:gi~ns:thrc~g~ the State Water

water can be impacted by loadings of bromide, nutrients, Project H~O. Banks and North Bay.Pumping Plants, the

salinity, organic carbon, turbidity, pathogens or changes in Central Valley Project Tracy Pumping Plant, and the Contra

pH. Pathogens such as Cryptosporidiwn parvum in source Costa,~ ~o WaterDistrict~, .. ,. ~. . ¯Pumping Plant. at Rock Slough. supply
.............. lies Water for mumc~pal purposes. Figure E-1 depicts the

water can aaverse~y a~mct mumc~pm ctrln~xng water supp. . .... ,., ~ ...... ........ .............
¯ -’--- blooms can im"air         , ~ lnteracuon t~etween mumclpal water intakes locatea In tnerqutrlen~; ioamng, anu uuobequcnt mg~tv ’ ~’ ~ ~;: ~ source " .....ml....... " ...... increase .:.>:~ Delta and ’ s ofb~o "des, salinity and organic carbon

me taste ann oaor or municipal water suppnes ann ~ : .; ?A~., ~.~ ....- ~ " "
the expense of treating the water. Elevated turbidity due to,:.>.z

..... ’~,> :~Ngrleulturesuspended sohds can be responsible for ~ncreaslng treatment
. o - ~’-~’- -’ ......u--lies ’ / , ~?’Mordthan 1,800 agricultural diversions are located within the

costs Ior mumcxpat water ~ pp . : :’~ .s"
’ ::’

A .............. "w~’[s ,.i/ 450,000 acres of fertile Delta farmlands Irrigation watermajor promem aunng perIoas o~ ~ow ueita oumo ";:~^~ _:. :_~ ^r o~÷ ~÷^ ÷~ n~,o ~r,~.,,,els ~alts ~ a malor: ~i    destified for use on millions of acres in the San Joaquin
.., , . ¯ ¯ , , ¯ .. " ’:. r :    ,. / : :"~:’. ~ ~:" Yaliey ann ~oumem %allIomla 1s also Cllvertecl in tne/delta atconcern wim regara to mume~pm arlr~,ng.water supplies: ~,~q~:~

, - ........... :~, .... ¯ ....:. -. - ~ .~.:,’:::~:;.~ the same retakes used for municipal water dlversion.
oecause of the presence m~sea~water oI or, omlae~ wnIcn~,...2:..2;~.> _ ............

...... ;~;:~":;~:~:~ " ~dtmtS:~’DBPs"contrmutes to unwantea’ ms~ecuo~,~yp      ~t).
.... ’~:’"~ ~~"~’~:’ " ~:@~";&t~.: loadings of boron, salts, nutrients, pH, sodium absorption

Salt can result in aesmetic pt0~mrns }ucn as sa ~;tas ; :.~...... ,%:.-~’~:,’~.;,. ~ .... :_,’;i~dAmi~:.~, ratios, and turbidity Excess salts can result in plant toxicity
corrosmn oxappnances, ptumoI~g~wm~usmm ntam ;                           ¯

- ~:: ~; ..... " " :~:~;:~’~:"~ {~" "-’elta is cause the soil surface to seal, limiting water infiltration
concentratecl sources, ot agncmmral aramagejo me ~ "
...... 4:~.? ~] ’ Excessive vegetative growth or delayed crop maturity can
me ~an Joaquln t~t~er. result from excessive nutrients and white deposits on fruit or

"-" "    ’- -~:~-~ ..............~versel’" affect leaves can occur due to sprinkling with high pH water.
urganlc caroonm.~ource wate~ c~ut~uy ......

Turbidity and nutrients can also foul ~rngat~on systems.
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Environment observable fish kills~ Nutrient limitations may at times limit
The Delta is the West Coast’s largest estuary, one of the food availability ! species¯
country’s largest systems for fish production, and provides
habitat for more than 120 fish species. An estimated 25 Recreation
percent of all warm water and anadromous sport fishing Th~:~elta supportsabo~it 12million publi(’user days a year
species and 80 percent of the state’s commercial fishery tl~,0~h a variety of recreationa! oppoatmities including
species either live in or migrate through the Delta. Beneficial fisNng;i{~ping, and boating):i20: marinas, shown in Figure
uses of water for environmental purposes, specifically fishery E-2~:,~:l~eated within the Delta’s boundary and
resources, have been impacted due to toxic pollutants such asapprdki’ma~’61}i 82,000 boaters utilize the Delta’s waterways.
trace metals and synthetic organic compounds. Also, Recreatmn~albeneficml uses m the Delta may be affected due
nutrients, pathogens, pH, dissolved oxygen and temperatureto’pathogens~tais, pesticides, solids, or nutrients.
have the potential to affect Delta species¯ Populations of    , : ’ ,.Mierbbial pathogens c~n adversely affect the health of those
striped bass and other species have declined significantly
from historical levels. Causes of the declines are uncertain,i
although water quality conditions in the Bay and Delta,: ~.,.~’"
decreases in Delta inflow and outflow rates, habitat~,!oss;~’
agricultural and other instream diversions, and in-D~l~a:"
exports are thought to be contributing factors¯ ~ais,,~::i~ii.! affectrecreational fishers who consume contaminated fish
est~cxdes" " salts, and ammoma ~n elevated concentrations, ,c~;~~,~,,o~. ,..~,.-, ~-,~d shellfish. Sohds loading can ~ncrease the turNd~ty of

.,~ ....be tomc to early hfe stages, 0£fish and ~nv~ertelSrate spec~es:,~;~ ~!.,i::::~.~ > waters and interfere with the aesthetic enjoyment of these
Mercury can bioaccum~i~e ~pp~i!~i~~i~e food
chain, affecting larger fi~:~i~!~i~,mam~l’~:(i~hogens Solids loading is also a mechanism by which pathogens,
can adversely affect fish eitl~!:~i~l[~inethalit~.:~!~:~i~i~.@~ metals, pesticides, and nutrients are transported into waters
chronicallv (histooathological effeet~;~paired ",~.%:~) that support recreahonal beneficial uses. Nutrient loadxng can
reproductmn). Solids can~merease ~,~:~,water 15od~es, promote algal blooms that reduce water clarity and
reducing photosynthe~is)~davailable’  2   2 sh.Solids sometimes cause unsightly, odorous floating mats and
can also cause siltatid~¢of water bodies, ~)md mining fouling of boat hulls.
spawmng gravels,the(are essential fish ~pr~uctmn habitat.
Nutrient loading~:e~ilead to d~rect or ~irect (abnormal algae Industrial

blooms) depletto~;~ssolved oxygen xn water bodies, The Delta supports a wxde variety of ~ndustnes from sugar
whlch can suffdcatei.a,.q..u~,tlc orgamsms, and lead to produchon to 011 refineries. Industrlal water is dl erted .



directly from the Delta or conveyed through the same parameters such as pesticides minimal information is known.
facilities used for municipal purposes. Some industrial Given the inherent difficulties in attempting to measure data
processes divert water from municipal systems prior to againstpublished’~ttards the Water Quality Program has
treatment and treat the raw water to the level required for adoPted the following.al~p~h to identifyiii~ and
their specific industrial process. Industrial uses of water may pridritizing beneficial
be impaired due to salinity, phosphates, ammonia and pH.
Salinity has adversely affected industrial processes such as ¯ .~.. For environmental and recreational beneficial uses,
paper manufacturing through corrosion and mineral scaling ~:i!:~.prob!em areas are primarily designated based on
of industrial equipment¯ For refineries, a major user of .~.r Seeti0n303(d) of the Clean Water Act. This Act
industrial water, high concentrations of phosphates can i requ!res each state to develop a list, known as a
aggravate scaling concerns in cooling water systems and high . 303(~i)ii.iSti:"!~f water bodies that are impaired withlevels of ammonia can cause cracking in brass cooling heat¯ ;~. ~- ’- . respect to.water quality and to identify the sources of
exchangers. "

PRIORITIZING PROBLEM AREAS .... ’
impaired by CALFED water quality parameters of

Defining what constitutes a "problem" is a controversial., and
debatable issue¯ Very few of the parameters ofc~ndern have. "~.~i    °
been studied sufficiently to tmderstand their:~atd; t~ansport ;i)~i:~i~.

.     ~",i~,~-~,.
and ~mpact on beneficial uses of.water. If.a~parameter xs ~,<~..:?~i::’;~ water sources to be treatable, at reasonable cost, to
measured against an exmting objective, cr~teg~ai0r;standard a meet current and future federal and State health-based
dec~smn must be made 1) ~h’~er.the.standari:l;~s appropriate, drinking water standards.
2) what the standard ~s meant tap[oteet,’~and 3) iv~at level of̄ For agricultural beneficial uses, problem areas are
exceedance ~s relevant (e.g., dttrat~op~.~season, geographic determined according to the impact of irrigation
location, etc.). For exam.p.l~’~tn exceg~atie~ofcoppex~in the source water on sustainable productivity of
Upper Sacramento River i:lurmg the fall;N~ehmook salmon agricultural lands.
juvemle outm~gratmn,~penod maght be devastating to the ¯ In addition a problem area can be defined based on

~?’~
populatxon however,~dur~ng other txmes,t)f the year (when scientific studies and data that indicate a potentially
fall-run are not present) there may be,~’k~’-ually no bxological significant problem exists¯
~mpact. For some parameters such ~mperature and
salinity extensive d~ia:has been         For other

’~ ¯                                                  E-7



IDENTIFYING SOURCES OF PROBLEMS DEVELOPI NG ACTION~STRATEG I ES

To effectively take action to improve water quality conditions Action strategies have:been developed to address water
it is not sufficient to only know where a problem exists in a qual~i;arameters Ofed~ice~ in the Delta and its tributaries.
water body, the source of the water quality problem must The~strategles are recommended actions that will result m
also be identified. Sources of water quality parameters of imptbvements ~o source water quahty by reducing source
concern in the Delta and its tributaries include: loci.dings of parameters (e.g., mine drainage, agricultural

drai~iage;.;urban and industrial runoff, and municipal and
¯ acidic drainage from inactive and abandoned mines indus~i~i~aF@hstewater treatment facilities); upgrading water

that introduce metals such as cadmium, copper, zinc, treatment pla,nts; or changing water management practices.
and mercury; , ~ ~i:,.:!,,~ -~, .~ :...: ..~

¯ stormwater inflows and urban runoffthat may ~:::~?!:i/A~tion.strategie~ toaddress water quality parameters of
contribute metals, selenium, turbidity, pathogens,,...~;: .....~’e0nce~ include a dombination of research, pilot studies and
organic carbon, nutrients, pesticides, petroleum and ~ ~f~ii~ale:aCtions. For some parameters, such as mercury,
other chemical residues; ,:)~ " there iS inadequate understanding about its sources, the

¯ municipal and industrial discharges that may ~i~ :. / bioav~ilability of the various sources, and the load reductions
contribute salts, metals, trace elements, nutrientS,.      ~:needled’ to reduce fish tissue concentrations to levels
pathogens, chemical residues, oil and.~grea.s,e; and.~ ace.@table for human consumption. For this parameter
turbiditv’~, . ~.:,~ , ~’~.-., ~. ~.~¢~~°""     ~"~;?"" ’                  .4~ . ~.::/.~.,,," :.~ :;’ :further. ~.study is recommended before full-scale actions are

¯ agricultural tall water, or return fl~o~s;.that~mayL -.: ;..; .... taken. For other parameters, such as selenium, sources are
contribute salts2nutrients2pestlclde,res~dues, : better documented, and source control or treatment actions
pathogens, and turgldi~;:.~afidi .. ~i’_~i!~i~:;: :;::-~’. can be taken with a reasonable expectation ofposxtlve

¯ subsurface agncultural’~amag~ ~at may’ �ontribute envxronmental results.
salts, selenmm and othet:tr~ee-:elements, nutrients, -
and pesticides (,,~ . Performance targets have been established to measure the

~:!}~’~ effectiveness of actions to improve water quality.
The general locations :of the major              quality        Performance targets may be quantifiable reductions in

.
parameters of concern are shown in loadings of parameters. For example, the target for copper in

the Sacramento River is to reduce copper loadings in the
Upper Sacramento River from 65,000 pounds to 10,000
pounds per year. For actions that recommend further study
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of a parameter the performance target may be a focussed COMPREHENSIVELY,CON DUCTING
outcome. For example, an action for mercury is further MO~ ITORI NG~/kSSESSMENT AN D RESEARCH
research to better understand the sources and mechanisms of
mercury accumulation in the Delta estuary. The performance Th~elyCater Qua!ity Program. ~and !ndeed.NI~CALFEDtarget is a targeted action plan that specifies selection and activities, mus(b~based~6git~eappli~ti6fi of rigorous
prioritization of the most effective mercttry remediation science, Whiiethere is som~’,:informat~6n on the existence of
actions, wate.~ quality problems xn the CALFED solution area, much

is y~[~r{6 b~)~firned. CALFED is developing a
Indicators of success are generally numerical or narrative ..... ::’" ":~:’:~-~’~ ~." ~: "~. ¯ ¯Comprehenstve Momtonng, Assessment, and Research
water quality targets, or biological indicators, that have been P~’ograrn (~~)to address the need for ade"uate
developed for each parameter of concern Targets relate to m.

¯ _ " ..,,~@*~eientific supp~i’i~!fi6t!0~iy in the water quality area, but also
stream, sediment, or tissue concentrations orparameters.
They will be used to gauge action and alternative
effectiveness at protecting beneficial uses. Targets are based"
on Water Quality Control Plans (Basin Plans) of the Bayio!!
Area and Central Valley Regional Water Quality Control
Boards or U.S. Environmental Protectmn Agency,.ambmnt
water quality objectives (when available), standai~di~"
agricultural water quality o         and      source    /,~..~’~:~2~:.~. :. ~ ~
drinking water quality ext~etts-
Some parameters, and handling practices to assure that all data collected
objectives. In these cases for CALFED are compatible;
a quantifiable reduction
taken,

x~,~V ° Establishing the actual existence and severity of water
quality problems, including evaluating the ecosystem

Table E-2 effects of water quality parameters;
parameter of concern~i~’~luded in the Quality
Program. ¯ Establishing baseline water quality conditions against

which the effectiveness of CALFED actions will be
measured; and,
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River Watershed Program, tli~ San Joaquin Valley Drainage
¯ Evaluating the effectiveness of CALFED water Implementation Program, the San Francisco Estuary Project

quality improvement actions and identifying the need Com~r~enslve Conse~atlon and Management Plan and the
for adaptive management actions, fedei?~i~; ~tate, andRegloaat~ater Quality Ci~ntrol Board’s

W~i)shed Manag~menttnitiati~e Program~.
COORDINATING WATERSHED ACTIVITIES i(~~ ~ : ~:~:~ :~I:I~!I~: :~J :

CALFED may work with local agencies to assist in the
formation of alliances and cooperative projects to improve I I
water quality for beneficial uses on a larger scale than ~ ~ ~ " - ¯
might be possible with local agencies working alone or in
more narrowly scoped programs. CALFED’s system-wide
watershed focus on water quality will help to better
integrate and coordinate State/Federal resource         (~ ~:
management programs with local watershed activities, ¯ ~.r

"
while ensuring long-term benefits for the Bay-Delta ¯ i~    : ~./
estuary.                                    ~ ,.

CALFED activities are being coordinated w.tth eXast~ng or
watershed managemgni:r:il~i3 grams             "~:..new

Delta system including~’g~i~:~ti~lihaited~ -
.BEN ’I’IS TO I_I AL WATERSHED PROGRAN 



SECTION 1

INTRODUCTION

The mission of the CALFED Bay-Delta Program (Program) is to develop a long-term
comprehensive plan that will restore ecosystem health and improve water management for

~:;~;~beneficlal uses of the Bay-Delta System. The Program addresses problems m five~resource
areas: ecosystem restoration, water quahty, system integrity, water use efffbi~agyand water
supply rehabfl~ty (1.e., storage and conveyance). The report~,that,follo ..ws:~d~,the plans
associated with the water quality component of this Progr~) "       :~;:~z!:,::~:-.~.

All componems of Bay-Delta solution Ntematlves, ~~ped ~d evNuated at a
progr~atm level. The complex ~d¢omprehe~sive na~¢-0f a Bay-Delta solution me~ that
~t ~11 necessmly be composed og~y d~fferegt pro~ projects, ~d actions, ~at ~11 be
implemented over time. D~ng:~;~u~ent phqe of ~e p?ogr~, solmion alternatives ~11 be
evaluated ~ sets ofprogr~s-~projects So ~t-broadbenefits ~d ~pacts c~ be identified.

of ~e Pro~;~ore focused ~alys~s, enwromental docmen~t~on, ~d
~d actions ~11 occ~.

Water

Program (WQP) is to ensure that good water
urban, agricultural, industrial, environmental, and

recreational beneficial uses.

ective will be’a~hieved through development and implementation of a prioritized set of
actiori~!~at address identified parameters that are of concern to beneficial uses.

measurable performance targets and indicators of success that will be
effectiveness and facilitate adaptive management. Adaptive management

is a process of testing alternative ways of meeting objectives, and adapting future management
actions according to what is learned.

1-1
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In developing the WQP the six CALFED solution principles were taken into account. These
principles state that a Bay-Delta solution must:

¯ Reduce Conflicts in the System
Solutions will reduce major conflicts among beneficial users of water.

¯ Be Equitable
Solutions will focus on solving problems in all problem areas. Improvemegtfffor some
problems will not be made without corresponding improvementsto~ other;problems.

¯ Be Affordable
Solutions will be implementable and maintainable ~...~_~thifi the f0res~.able, resources ofthe~
Program and stakeholders.

¯ Be Durable                                 .
Solutions will have political and economic staying po~e.r,:and will sustain the resources
they were designed to protect and enhance.

¯ Be Implementable                             ’-
Solutions will have broad public acceptance and legalfeasib~ty, and will be timely and
relatively simple to implement compared with other altematives;~.:!~h

¯ l-lave ~vo ,~tgntytcanr s~eatrecrea xmpacts ~,:;~:5~:>,,~7~,
Solutions will not solve problems in the Bay-Delta!system by redirecting slgmficant
negative impacts, when viewed in their~entire.ty;7~:~:.~e Ba3#-Delta or to other regions

,7, ’~47~ ~’~$~,+,~ ¯

G~o~mp~ic $cop~ of ~ALFED<,w~t~r.;.QuMity ~7o~r~rn
."

The ~eographic focus of theWQ~is the ;~.::..:"~’7.’;(,L.’;’
Delta, been identified;  the

~ea consxsts.~_~e l(g~ly de~ed D~I~, SOI O 
Sins= Bay to’>C~q~gXS~mt, =d SmS~
M~sh. So~,~peeles (~g,~;,=adromous
fish) tat ~fibit ~e"D~I~)~pactffd by
conditions outside ~e DeRa: :,~o ~eas
outside ~e Delta ~e so~ces-o~ater
q~ problems affecting the Dell, its
~it~t species, ~d.-u~ers of Delta water.

",~’~    .
~ ~gb!wng the wat~quah~ problems of

  ;t oughout  eogr phi 
soI~oh;~ea, as necess~.
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Stakeholder Involvement

The CALFED Water Quality Program has accessed and utilized a large group of water quality
technical experts to assist in the development of the Water Quality Program. These stakeholders,
known as the Water Quality Technical Group, represent federal, state and local agencies,
environmental advisory groups, industry (e.g., pesticide, mining, etc.), agriculture, recreation,
urban water supply, and watershed interests.                       ~.      ~

Initially, three technical teams of stakeholders were formed to,identify thes6urce water quality
requirements of environment, urban and agriculture water users? The envir6~nt team was
primarily comprised of federal and state agency representatives (Califo~rnia:~ep~,nt of Fish.i
and Game, us Fish and Wildlife Service, US Environmefital ProteeyiGn
Departments of Fish and Game and Pesticide Regulation;US.gi~g.and Wildlife Servie~:~and"
Environmental Protection Agency, and State and Regiof~2;and 5 Water Quality Cdriff6I Boards).
The urban team included both agency staff and urban wateri.gg~cy~r.epresentatives. The
agriculture team was represented by agency staff, farm~si~"di~Ngd~.al water suppliers.
Using available data and technical knowledge the teamS identifi~i}~¢rs that were of
concern to their respective beneficxal use of water.:an{ac~ons that.m~gt!t~be taken to reduce

these parameters. CALFED then invited add!tiOg~.i~~O~rs to jdi.~;iffthe process. The
stakeholders included those who might be imp~ted ~~piementatlon of the recommended
water quality actions (e.g. parties respon~i~ble for .rni~. ~ d~gg~:!~Culmral drainage, urban
runoff, wastewater and industrial disch~es, etc.)~ahd repr~S~ives of environment and
watershed interests.            ,o~:~:;~:~.     .!~?f"

rb ~ n

ical
re rs

ition to the tee     workgroup meetings CALFED has held workshops to inform the
generNqgubhc abot~)WQP activities. CALFED staff have met wath a variety of groups including
~~.~/~er’i~aucus, Callforma Water Env,ronment Assoc,atxon, and the Cal,forma Urban
~~~eg. The CALFED Bay Delta Adwsory Cormmttee has been kept apprmsed of the
WQffC~prsgress through informational segments at their regularly scheduled meetings.
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Stakeholder involvement in CALFED water quality activities is planned to continue throughout
the life of the CALFED effort. A list of the Water Quality Technical Group stakeholders can be
found in Appendix A.

Structure of Report

The Water Quality Technical Report that follows discusses:

¯ beneficial use water quality issues,
¯ water quality parameters of concern to
¯ sources and loadings of parameters of cone�tic,
¯ water quality beneficial use problem areas;~ .~;’i

i ti dd ,? :.i:.~:,." "" -’:;¯ ex s ng programs to a ress parameters : ..........~./.
¯ CALFED recommended action strategies ,tO .a..ddrds.s parameters,
¯ a monitoring and assessment framework t01e;~al~"effectiveness of the WQP,
¯ a description of how this program will be �~6?difi;ii~I’i~-ith ongoing watershed

management activities.              ’

Ad&t,onal information pertaining to the Water Q~t~ram can ij~ f~md in the Water
Quality Technical Report Appendices and the C~L~~:~,Qua!i.~"~upptementa,

. 2,W~ .;;~¢ ~ ~::- "’~~Information document. .¢ ~,.~

.; ; :,: ,.? .:D~
, ,/
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SECTION 2

BACKGROUND

The Central Valley is drained by the Sacramento River system to the no .rtl~ and the,San Joaquin
River system to the south. These two river systems converge ~into the D.~.hi~h encompasses
approximately 680,000 acres interlaced with approximately.700~miles 0fWgter~ ..ays (Arthur and
Ball, 1978). Water flows from the Delta through the Suisun; Sign Pablo, ~d Smi Erancisco Bayg~
to the Pacific Ocean at the Golden Gate Bridge.

The Delta supports a variety of beneficial water uses. It is t~ewe~t Coast’s large~:e~, one
of the country s largest systems for fish production, and prowdes habitat for more than 120 fish
species. An esnmated 25 percent of all warm water and an~adromous~~ort fishing species and 80
percent of the state s commercml fishery species e~ther !we m or nugrat~:~,hrough the Delta. The
Delta also ~s a source of dnnking water for about 20~.milli~on, or tw0.rth~..’,~..ds. ~ :~f all Cahformans. It
provides irrigation water for approximately 200 crops 0r 145% of the nati?n’s produce and water
supplies to major oil refineries and paper manaufa~e~s:i~e.pelta supports about 12 million
public user days a year through a variety of~r~creatiori~i 6i~~ids)ncluding fishing,
camping, and boating by 82,000 registered boaters:’:,

Water flowing through the Delta thiiit is~hot div~ed by ~ng water suppliers, agriculture or
industries flows to the Pacific Oee~ through San FranciSCo Bay. Freshwater outflows prevent
sahne water from encroaching, mtp the Delta and~de~dmg water quahty. Delta channel
geometry,. ~6~s into and M~,.the Delta2"and:gi:l~l flows are interdependent variables that
control senator intrusion and ~at~uality ig the Delta.

Variable hydrolOg~:cond:t:ons, seasonii!’~emands for water d:vers:ons, and agricultural drainage

flows result in conSiderabl~:.fluctuatioi2~ln Delta water supply and water quahty conditions.
Periods o£Ngti mfl0ws:thatxesg~lt ~n low sahnity alternate with periods of low inflow that allow
greater,,S~linity intrusio~and ~ii~gerate water quality effects of drainage. In the Delta, the

¯ , ~ .~’. . !5’~:~:’ ,:~ .....
d~strib~’hon of d~ssolved~dsuspended materials ~s influenced by complex c~rculat~on patterns
thati’~e affected by channel geometry, flow volumes, pumping for Delta agricultural operations
afii:t~ports, and tidal ~uence from the ocean. Under average hydrologic conditions,
~i~ro~’u’nately 30 ~of~Delta inflow is used for Central Valley Project (CVP) and State Water
l~j~(S~).e~’6~ts, 10% is dive~ed for local uses, 20% is used for Delta outflow
recl~ire~;an~40°A :s add:t:onal Delta outflow that results from winter prec:p:tat:on and
ru_nS~f:~.,Tl4~CVP and SWP export pumping plants exert a considerable influence on water
circulation in the Delta by creating a net flow of water from northern regions of the Delta south
through Old River and Middle River. During winter, inflow volumes typically exceed the export
and other requirements and the Delta outflow is sufficient to repel the force of tidal
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encroachment. During late summer and fall, when low inflows and high agricultural pumping
rates are occurring, flows can reverse direction in the central and western Delta channels. This
pattern of"reverse flow" is a concern because of the potential effects on salinity.

Delta water quality, particularly the concentration of pollutants, is strongly influenced by the
operation of upstream reservoirs and diversions, including the CVP and SWP. On ayerage,
approximately 75-85% of Delta inflow is from the Sacramento River, 10-15% is from the San
Joaquin River, and the eastside streams (e.g., Mokelumne, Cosumnes, and Calav~) contribute
the remainder. San Joaquin River flows are often very low in late summer.ahd,i’~ll. In contrast,
the Sacramento River, the largest tributary to the Delta, has relatively good .mater. quality because
of the large amount of dilution provided by runoff from th iwatershed storag,e
reservoirs. Chemical characteristics of Delta inflows are ixitimately tied’ to land us~in"the
upstream watershed.                            ~. ~      ".~ ........

Water Quality Issues                        ,. :, ~,.:-

Following are some of the major water quality issues recognizedto:beo~concern-"-~’"~ in the Delta
along w~th water quahty concerns assocmted with part~ctflar beneficmluses:°

¯ H~gh-sahmty water from Smsun and San Francisco Bays ~des ~nto the Delta during
periods of low Delta outflow. Say.~ty adver.s~ly ~...egts a~dultural, municipal,
recreational, industrial, and envi~ghrnental~{ise of w~i~J

¯ Delta exports have elevated ~rneentrafi0ns of dissrlved organic carbon (DOC) which is a
disinfection by-produgt (.~P) prect~s~.~, .~d ~h~’ potential for formation of brominated
DBp~,i~..creases along M~ increases in.eoiie~i{~rations of the precursor bromide (Dr’),

¯ S don~aiits have accumulated in Delta sediments and can
bioaccuniuli~te,i~tish ana oilier aquatic organisms. Synthetic organic chemicals and

~und in Delta fish in quantities that occasionally exceed
~od consumption.

dram~gean the Delta contains high levels of nutrients, suspended solids,
dissolved organiCcarbon, salinity, and may contain traces of agricultural chemicals
(pesticides). The San Joaqmn River dehvers water of relatively poor quality to the Delta;

to the river is a significant source of salts and pollutants, including
and pesticides.

mining activities are a source of heavy metals, including cadmium, chromium,
copper, mercury, and zinc.

¯ Populations of striped bass and other species have declined significantly from historical
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levels¯ Causes of the declines are uncertain, although water quality conditions in the Bay
and Delta (e.g., toxicity), decreases in Delta inflow and outflow rates, habitat loss,
agricultural and other instream diversions, and in Delta exports are thought to be
contributing factors¯

¯ The location of the estuarine salinity gradient and its associated "entrapment..~zone"
(where biological productivity is relatively high because of the mixing and:a6cumulation
of suspended materials) is controlled by Delta outflow. The location ~of, the entrapment
zone affects the quantity and quality of habitat for es~ne sp~i¢~_~,?/

Drinking Water. Beneficial use of drinking water can be irripacted by loa~gs of;bromide,
nutrients, salinity, organic carbon, turbidity, pathogens or zhanges ~ pI-I. Pathogens~uch as
Cryptosporidium parvum ~n source water can adversely affe~,,t m .,u~c~pal drinkingi~ster.~ ,tTpphes.
Nutrient loading, and subsequent algae blooms, can impair tti~,~.~ te and odor of~i~clp~1 water
supphes and increase the expense of treating the water¯ Eleyatei~l ttirb~d~ty due to suspended

solids can be responsible for increasing treatment costs,~grmumexpal.~water supphes.

A major problem during periods of low Delta outflo~!:is,tidal mi£in~;of salt’into the Delta
channels. Salts are a major concern with regard to:,nauiaieiiSal dfinking;w,a~er supplies because of
the presence in sea water of bromide, which:contnbut~s to;iunwante~.d~smfect~on byproducts
(DBPs). Salt can result salty taste, corrosTqr~ of apphances;:P!~b~ag and industrial fac~ht~es, and
reduced opportumty for waste water recychng. Salts also are:present m ~reshwater inflows to
the Delta due to municipal and agric~qai:al disch~ges. Th~;inost heavily concentrated sources of
agricultural drainage to the Delta~iS the San J6~quin River:~

Orgamc carbon m source wate~c ~an advers~ly affect municipal drinking water supphes by
combmm~?~ater treatm~smfectants ~o.~produce harmful by-products (e.g.,
trihalom~~S):.--,:Agr~cultuml:dr~age as of partxcular concern to drinking water because the
peat so~Is of"th, ei~eR~>¢0ntnb~te,..~.0rga~.~ e~arbon to the agricultural drainage water. Delta

Central Vall~6jeet~ra~umpmg:"Plant, and the Contra Costa Water D~stnct Purnpmg Plant
at  ocZ Sl gh supp   : .o.’.r  mu c pal pu oses. Vxgure depicts the  nteract on between
soure~;ofbrom~des, orgamc ~15on and sahmty and mumc~pal water antakes.

A,~i~ultare. Beneficial,’~es of water by agriculture can be impacted by loadings of boron, salts,
.    ,.~7    ¯ ......

n~nts, pH, sodium ~15sorpt~on ratios, and turbidity. Excess salts can result m plant toxac~ty and
n~ve effects oa~t ~rowth and crop yield. Salts affect the ability of a plant to absorb water¯
S~pled~a dxsproport~onate amount of sodxum m the water can cause the so~l surface to
se~~g,;water ~rffiltrat~on. Excesswe vegetatwe growth or delayed crop maturity can resul

"~,-. .......
fi:om excessive nutrients and white deposits on fruit or leaves can occur due to sprirdd~ng w~th
high pH water. Turbidity and nutrients can foul irrigation systems¯ More than 1,800 agricultural
diversion are located within the Delta¯ These diversions are shown in Figure 2-2. Irrigation
water destined for use on millions of acres in the San Joaquin Valley and Southern California is
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diverted through the Harvey O. Banks and Tracy Pumping Plants.

Environment. Beneficial uses of water for environmental purposes, specifically fishery
resources, have been impacted due to toxic pollutants such as trace metals and synthetic organic
compounds. Also, nutrients, pathogens, pH, dissolved oxygen and temperature have the potential
to affect Delta species¯ Populations of striped bass and other species have declined ,significantly
from historical levels¯ Causes of the declines are uncertain, although water quality~;ernditions in
the Bay and Delta, decreases in Delta inflow and outflow rates, habitat lo!~,~: agO~d~i~uralL, and
other instream diversions, and in-Delta exports are thought to be contribu~g factors. Metals,pesticldes, salts, and ammoma in elevated concentrations cartbe toxid toeady,life" stages of fish

and invertebrate species¯ Mercury can bioaccumulate in ~e:~pper levels 0~’i.h~ifrod chain,
affecting larger fish, birds and mammals. Pathogens can ~dversely affe£t fiShi:~ithri!"~ut~!y~::/:
(lethality) or chromcally (histopatholog~cal effects, ~mpmred reproductmn). Solidseafiinerease
turbidity in water bodies, reducing photosynthesis and availab!  f0od for fish. Soliti~c’an also
cause siltation of water bodies, burying and ruining spawning gravels that are essential fish
reproduction habitat. Nutrient loading can lead to direct.,or’ind,~e,,c}.(~b~,ormal algae blooms)
depletion of dissolved oxygen in water bodies, which earl suffo~ite"gquatic, organisms, and lead
to observable fish kills. Nutrient limitations may at f.trn~s,limit fo0d:~.a~;aila~)lity to aquatic
species¯                     ,.::~~-;’:,::~ ~:~!i}

Recreation. Recreational beneficial uses m the Delta~mayb~:i~etea due to pathogens, metals,
pesticides, sohds, or numents. M~crob~al:pathogens can ad-~e~13~ affect the health of those who
are participating in water contact recrdai~on, suche~s swiping, water skiing, or windsurfmg.
Pathogen contamination of fish or ~[telifish can, adversely.ii~ect public health. Certain metals
and pesticides, such as mercury and DDT, bioaccu~ulate in the food chain and can adversely
affect recreational fishers who~corisume contaminated fish and shellfish. Sohds loading can
increase theturbidity off,ratersand interfere,..~th~tlae aesthetic enjoyment of these natural
resources~ind;�onst~tute a hazard.to sw3mmers. Sohds loading ~s also a mechamsm by which
pathogens, ria~"~c~des, andnuments are transported into waters that support recreatmnal
beneficial uses.~liiN~i~.t,:l~,admg eanpromote algal blooms that reduce water clarity and
sometimes ~c~.~e.~uns~yi;odorous~loatmg mats and fouhng of boat Mils.

Indti~ial. Industrial beneficial uses of water may be ~mpa~red due to sahmty, phosphates,
ammoma. Salinity has adversely affected industrial processes such as paper manufacturing
thr’iJggh corrosion and!rmneral seahng of industrial eqmpment. For refineries, a major user of
~al water, ,,hi~’~ncentrations of phosphates can aggravate scaling concerns in cooling
~i~:~e~ms~’~dCt~gh levels of ammonia can cause cracking in brass cooling heat exchangers.
Intl~..2~wa~er ~s dwerted and conveyed through the same fac~ht~es used for mumc~pal
p~~wever for many industrial purposes water is diverted and conveyed to the industrial
facility prior to treatment for municipal use purposes. Industrial facilities treat raw water to the
water quality required for their industrial process.
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SECTION 3

PARAMETERS OF CONCERN

Parameters identified by the Water Quality Technical Group as of concern to beneficial uses of
water are identified in Table 3.1. This list of parameters may change over.,time inr~esponse to
additional knowledge and understanding of these and other parameters.2:: .:i)~.

~ : :,.
Table 3.1 Water Quality Parameters of Concern to Beneficial Uges ....

ENVIRONMENT URBAN AGRICULTURE RECREATION ; INDUSTRIAL";

Metals&Toxic Elements Disinfection By- Other 2 Me!~i~s ’: .//!!::"
Cadmium Product Precursors Boron :~i’:i5:::: ~-,::M~rcury ~~:
Copper Bromide Chloride ~ir;:.~,,. ~.:.0rganics/Pesticides"pH
Mercury TOC Nutrients (Nitrate)!::ir., PCBs Alkalinity
Selenium Other pH (Alkalinity):!~/i/::i~!" DDT Phosphates
Zinc Pathogens Salinity (TDS~ EC) "~ Othei~):):~.. Ammonia
Organics/Pesticides Turbidity SAR : Path6gen~ ~;,
Carbofuran Salinity (TDS) Turbidity <:i ~?. Nutrients: :~
Chlordane Nutrients (Nitrate) Temperature ;}

Toxaphene : . :,:’ . ~
Other . 2 ? :~

Ammonia . .. ~ f :~ ~ .... ;/
Dissolved Oxygen ~ " :/

Salinity (TDS, EC) "" f : !i ....

Turbidity ~!~:; ’ ’~ ~ ~ ’"’
Unknow~Tome~ty ..i~ "-. " ..... : " : ""

* Unknown toxiic~ity refersto observed aquatic toxicity, the source of which is unknown.

Following ~s a d~Cfiptmn.of the p~eters of concern. More detmled mformatmn on measured
concentrah~ of, parameters {watercolumn, sediment and t:ssue) throughout the water quahty
problem.a~e~ will be available:in 1he CALFED Water Quahty Affected Env:ronment Report.
Problems assoc:ated w:th the parameters are described m Sect:on 6.

~enera~ ~’arameter~!~escnptlon

~:,& Toxic Elements

~*~tal~.:~h~ate primarily from rocks and minerals, mining activities, and discharges of
~:~~’:[~iustrial~~’;; -- wastes. Residues from heavy metals may produce serious pollution
problems m the Delta because of toxic effects on fish and other aquat:c organisms and may
bioaccumulate in biological tissues. These residues can be measured in water, soils, sediments,
and organisms that inhabit Delta channels. The detection of a particular compound depends on
its persistence and mobility in the environment, as well as its source characteristics. SWRCB has
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characterized cadmium, copper, mercury, and zinc as pollutants of concem because their
widespread or repeated detection indicates their potential to cause adverse effects on beneficial
uses in the estuary (Califomia State Water Resources Control Board 1990).

Cadmium, Copper and Zinc.The Delta receives the majority of its metals loadings from historical
mining activities in upstream watersheds. The sources of mining wastes along Sprin~g Creek in
the upper Sacramento River watershed contribute large loads of chromium, cadmi ,u~i; copper,
nickel, and zinc to the upper Sacramento River (California Department of~ater Resources
1994a). The Iron Mountain Mine, m particular, contributes most of the c~.um, copper, and
zinc transported in the Sacramento River. Urban and industrialrunoff cau’als~i~ontribute
significant loadings of copper and zinc. Urban runoff in the Central Val!ey’and th~.B,.ay Area has),
exhibited toxicity to the test algal organism, Selanastmm~.!TIE studies with ~his

¯identified copper, zinc, and the herbicide diuron as causin~

Mercury. Large amounts of mercury were used in the processing Of g0ld, and river flows
originating in historic gold-mining areas continue to contribute m~rcury to Delta waterways.
Natural deposits of mercury that were mined in the Cach~ Creek basin.~¢ .S..Uspected to contribute
high loadings of mercury to Delta waters.

Mercury is of concern from an enviroumental:ankt hum~i~Nth~persp~ctive. During a peak
storm period in 1995, mercury levels at the. Creek’s ot~ff~il~,’a~’.~’~lo Bypass were measured at
695 parts per trillion. (Pers.conv. Bill Cr0)le, CVRWQCB)),Th~.’EPA.water quality criteria is 12parts per trillion total mercury. SWRCB~ b~enni.al, water qu~ty assessments hst 48,000 acres of

Delta waterways as ~mpalred because~of fish ~c0nsumptmn/adwsones for mercury (Cahforma
State Water Resources Control Board 1992,:1994). Ah~eidth advisory for the consumption of
striped bass,.from the Delta because of elevated levels of mercury in fish t~ssues has been m effect
since the mid~1970s. ~,i~:- i~.:: .... ’,

Selenium. sNi~N~::iS-an inorgai~g.con~tiNent of softs found m alluvium derived from rocks that
originate on the~o~Fan.floor. It ls"partidularly ewdent m the softs of the west s~de of the San
Joaqum RiYer~b~mi~N~lati~,e to irrigation water, salts containing selenium tend to concentrate
by 2-5 t~,~s m agncul~al~a.ge. Selenium ~s leached out of softs as a result of n-ngatmn and
conce~.trates further when,"~a~nage remm flows are stored m surface Impoundments for long
penoi:lg, or when ~mgated land~is inadequately drained.

S~I~, .m’n. is primarily,;~ environmental concern. In 1983, high rates of waterfowl death and
d~o’~ were obse~d in Kesterson National Wildlife Refuge and were attributed to tomc
concentrations of selemum in concentrated agricultural drainage. There is continued concern
0~,’~:"~§~=~ii~’mver selenium transport from irrigated farm lands and industrial discharges of
selemurri into me Delta.
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Organics/Pesticides
Residues from organic pesticides and herbicides may produce serious pollution problems in the
Delta because of toxic effects on fish and other aquatic organisms and may bioaccumulate in
biological tissues. Similar to heavy metals, organic pesticides are detected in a variety of sample
types, depending on the persistence and mobility of the particular compound. SWRCB biennial
water quality assessments list Delta waterways as impaired because of elevated levels of
pesticides (California State Water Resources Control Board 1992, 1994).. Most p~eter
concentrations in fish " ~"do not exceed standards estabhshed by the U.S. Food and~rug
Administration or the National Academy of Sciences for the consum 9tiow0ffish tissues. The
presence of pollutants in fish demonstrates, however, that org~c pe~ti~d~:!~bioaccumulating
in the Delta food webs.                            ~ ,~"        " ~~ ~i~: ...... ~.~o~,

Chlorpyrifos and Diazinon. Although pesticides are rarely detected i~a Delta
from various momtonng programs conducted by DWR andSWRCB have shown that:,:~
contamination by synthetic organic chemicals is prevalent insedi~egt and organisms collected
throughout the Delta. The Toxic Substances Monitoring P~g~i:lffis~routinely detected

pesticides (e.g., DDT, toxaphene, and chlordane), th~i~p:~i6~’de.s.,most resistant tochlorinated
chemical breakdown, in Delta sediments and bioloNcN~tis~sue san~i~.~}~ls of these
pesticides exceed identified thresholds for risk to h]~~.~!dlife, 6r’N~-~giological receptors
that come in contact with the pollutants (CalifoN[a Statei:Wa{~r.Reso~6es Control Board

Toxicity Identification Evaluation (~) studies 0f urban ~off have linked observed toxicity
with the presence of Chlorpyfifos~,ar~.dDiazinon: Urban rimoff in the Central Valley and the Bay
Area has exhibited acute toxicity tg"the test:drdanism;-iCd~iodaphnia.~_~ ~... Both of thesepesticidesare

widely av@~le and have b~hd~ected simiilta~6~]~ in urban creeks throughout the CALFED
problem.,~SIu~ion areas~,i;.!They~are found.in.urbim creeks throughout the year, but
concentratmriS pealcduring theoreh~d dormant spray season floe, 1995). Ambient momtonng
and composit4+raiiifall:samples:!~tiggestithat the pesticides come from both urban and agricultural

. ; ,~ ......B~n. Boron xs essentaal; m small quantmes for optimum plant growth, however, mammal. ~,, ~ . ......
~9~danee of the des~able hmxt can result m plant toxm~ty problems, mamfested as drying and
~Sis. Climatie:~c~ soil conditions also influence boron toxicity, with boron uptake being
~~highe~f’at40wer soil pH. Sensitive crops have shown toxic effects at and below 1mg/L
(~i!~d~gl~ot, 1985). Exceeding this limit can result in significant loss in crop yield.
Boron concentrations can be reduced by various management practmes sxrmlar to those for
chloride. Reclaiming boron-affected soils requires leaching the boron from the root zone.
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Because boron mobility is reduced by adsorption on soil particles, removing it from the soil
profile requires approximately two to three times mor leaching water than is typically required
for reclaiming saline soils (Hanson, 1993). Surface waters do not usually contain boron at toxic
levels. Groundwater from wells or springs can contain toxic levels, especially near geothermal
areas and earthquake faults. Some areas near the Delta are underlain by groundwater with high
levels of boron. The average concentration in seawater is reported as 4.5 mg/L in the form of
borate (EPA, 1976).                                       .~.i.~.

Chloride. For agriculture the most common toxic ion encoun.t~red in irrigation’water suppltes xs
chloride. Chloride is adsorbed (or retained) only shghtly onsoit part~eles.:::It therefore moves
readily w~th the soft water and is taken up by the crop, acc .umulatlng m .,ttie]eave~i6 .m-i.’ng
transpiration. At toxic levels, injury symptoms develop such as
Continued uptake can lead to dead t~ssue and is often accomparned’by early leaf’tlrop.~r
defoliation. Uptake of chloride depends on the relationship,i~"~e~en the ability o~~ei!’~rop to
exclude chloride, and concentrations in the soil water. S0il-water Concentrations are controlled
by concentrations in irrigation water and the amount of ~ea~dt 0C~curs. Crop tolerance of
chloride is not as well documented as crop tolerance ofshlinity,~"~d.q~ti~ative yield reduction
relationships have not been defined. However, in gen~al, woody~l~t~)~)h as California’s
fruit and nut crops, tend to be more sensitive to,cN~Od~2’i’:C-r~ps gro~ ~tter overhead sprinkler
~rngat~on can take up chloride through fohar adsorpt~on,0f.~gg,t.ton...water into leaves dunng and
after Lmgat~on events. Management for c..hlonde meludes.le.a~g¢n a manner similar to
salinity, more frequent irrigation, select~p~a of more-(oleran~i~r’o."~’~nd blending or switching to
alternative water supphes. Where foliar?absorplaon ~s a problem, certain management practices
have been successful in minimizin~ ~effects..Some pract!c.& may require minor changes in
management, while others will reqUire more:elaborate and costly changes. Some of these
practices include scheduling’haJgation at ni~ht~iavoidifig irrigation during high winds, increasing
sprinkl~..r0~ti0~peeds~ii~ncr~;~mg apphcala0n fates and increasing droplet s~ze. (For more
informa~0~:.j~!~o~de S~ebi~hfd~t.ipn By-Products).

D~smfeetmn Byprodt~ets !~n Treated D~mking Water. THM compounds formed dunng
chlormat~on,9.~DO123~,~g water contain chloroform and bromlnated methanes.
Chlorofo~; when ad~iaister~,~.a..t high doses, has been shown to increase the risk of hver and
kidnex~e~tncer in mice (Nafip~pal~Cancer Instxtute 1976). The suspected carc~nogemc risk to
hum~ from THMs has!!dd:’~b~ne communities to study and change their methods of disinfecting
~n water. THM levels in drinking water can be reduced by using alternatives to
ehlrrination to treat w~r for human consumption (e.g., ozonation or ehloramination), although
th’~!~.o, tentiatly h~ul DBP compounds (e.g., bromate) may be formed during these

~~0n~pee~s. Disinfection itself is being more carefully regulated by ErA to avoid
~~;i~g various pathogens (e.g., bacteria, viruses, and protozoa)¯ Reducing DOC
co~t~-~bns in raw water before disinfection with floeeulation or granular-activated carbon
adsorption or removal of DBPs after being formed can reduce DBP levels but may be quite
expensive¯
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Chloride and Bromide. Most of the Delta islands are as much as 10 to 15 feet below mean tide
level. Tides in the Delta not only threaten the protecting levees, but bring periodic intrusion of
seawater, which mixes with the inflowing Delta freshwater. Tidal currents created by the rise
and fall of sea levels modi~ stream flow, particularly when outflows are low or when tides are
high (DWR, IDHAMP, 1989). Intruded seawater is a major source of bromide, particularly in
the western Delta. Bromide is a naturally occurring salt ion (halogen) of seawater oOgin and
reacts with disinfectants to form brominated DBPs. Thus, intrusion profoundly affe~’ts Delta

intakes~water withdrawn at the Contra Costa Water District, SWP and CVP

The presence of bromide in a drinking water source complicates thed~sinfeefionprocess. As with
chlorine, bromide forms THMs in the chlorination process and these brom~tedTH~’s are als9~
toxic to human health. Bromide is about twice as heavy as chlorine;and the’THMSt~indardis
based on weight. Hence, it takes fewer molecules of bro~inated~HMs to exceedthe~ng
water standard. Another method of disinfection, ozone treatment, ~s also complic~’~i:.~by’~e
presence of bromide because it forms bromate, another uridesirabI~DBP. Bromide contributes
substantially to the formation of DBPs in treated drinking;waterfrom the Delta. Sources of Br"
in Delta water are seawater ~ntrumon, San Joaqmn River ~nflow~ii~g.agricultural drainage,
and possibly connate groundwater (i.e., water trapped.~thin sedirn~:~r0~ks that is often
highly mineralized). It is uncertain whether ther~ arenatiw,~bromide s0ur~es in the San Joaquin
Valley, or whether bromide found in the River i~ a result o£eoncentrafion of bromides in
agricultural irrigation water taken from the, Delta an&,~:e~d.tO,the’Delta through the River.
Bromide has been measured by the M,W,,.~QI program since J~uary 1990.

Total and Dissolved Organic CarbOn:Orgarfie ~aterials e~nter the water from the following
sources in the Delta in decreasing0~der o£ ani0"~nts: ~..
¯ nature.materials, vegetation, and orgies so.ils;
¯ agfi~!tikre, as veg~.,tative0rgamcs m :~alnage;

¯ muni~’iO~?~dqndustrial ~t~Water discharges;

Organico~#~on is on:~in~:~>~arY variables that influence the potential for DBP formation.
Applicable drinking wa~’~izZ~ds are based on TOC concentrations; however, most of the
availtiBle data for the Delta liave focused on DOC. In general, most TOC ~n Delta waters
pr~t in the dissolvedA~nn.~ The most common DBP is THM compounds formed during
~ation of DOC ~nking water supplies. These carcinogenic substances include
8ti1620form and b~omo:orm. MWQI studies have documented that Delta exports contmn
~:., .~.. ;... d~’higly~:~ntrations of DOC. Agricultural drainage discharges that contain natural>~’:":~:" ~"~’~ " ’-" " " .... theorg~.c~er.~om decomposing peat soft and crop remdues are the major source of DOC m
Delt~ifomia Department of Water Resources 1994b). Additionally, DOC :s earned into the
Delta from upstream inflows. Minimizing DOC concentrations in source waters is a major water
quality goal for drinking water uses to meet new EPA regulations for DBPs. Utilities must
undertake studies to control organic carbon in their source water ifTOC exceeds 2 ms/1 at the
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water intake.

Dissolved Oxygen. Dissolved oxygen (DO) concentrations serve as indicators of the balance
between sources of oxygen (e.g., aeration and photosynthesis) and oxygen consumption (through
decay and respiration processes)¯ The capacity of water to dissolve oxygen decreases with
increasing temperature and often varies with the cycle of daily photosynthetic activi.ty of algae
and plants. DO concentrations in Delta channels are not generally considered a Rro~blem, except
in the waterways around Stock-ton and in some dead-end sloughs.     . i~.:, .~

Nutrients¯ Nitrogen and phosphorous are the two nutrients wNch most i0f[~i~ ~t algal growth
at low concentrations and trigger algal growth at elevated e0~centrations~;:,G~nerai!y, in the
presence of sufficient light and elevated temperatures, as nutrient concentration.increase algal"
productivity increases. A self perpetuating cycle of nutrient enric~hrfient, plant gr ~,.
accumulation of muck, oxygen depletion, and nutrient reeyclir~g .from the sedimen~follows.
Eventually, the rate of oxygen consumption can exceed therate of absorption, resulting in, blue-
green algae blooms, odors, and eventually the death of fish"and aqu,atic !ire. Drinking water taste
and odor problems can occur from algae decomposition.          ,-~,,~

For agriculture excessive nutrients can result in e~,c.,ess vege.ta,.tive gro~)~educed yields,
delayed or uneven maturity, or reduced quali.ty: Algal growth’stimulated by excess nutrients can
increase facilities maintenance costs. In exffeme cases, iN ati0 : .q pment for sprinkle and drip
irrigation can plug, increasing mamtenagce costs.., SensitiveN0pS~iiaay require an alternative or
blended water supply, or may not be ~rg~wn. Alte~ative, mfre tolerant crops can be grown, but
other water quality parameters, land suitability and market;conditions dictate crop selection.

Pathogens.~Microbiologic.al 6rganisms of principal concern as agents of disease or indicators of
potenti~,Ci~)i~ationin drirddn." g water include �;liform bacteria, viruses and protozoan and
helmintB’:~i~ii~es~2~Total c01ifo~ibacteria measurements indicate the general level of urban and
ammal contamm,-, a.t!gNo,,f a water.:~UppN~;::,..M. ~crob~al agents have been responsible for waterborne
outbreaks of inf~gt[6~S>disease. Thei~:}teffence in raw waters has been a principal thrust of water
treatment te~hnol0gyiWatetborne diseases still occur in the United States. The Center for
Disease ~Oia~trol (CDC)~dEPA,have estimated 1 million cases of illness per year and 1000
dea~g’.per year due to wategboNe d~seases.

Fri~!pal waterborne bact,~rial agents that cause human intestinal disease are summarized in
T~b~ 3.:2. Rather thart’~ttempt to analyze each of these pathogenic bacteria, water utilities

: i -~/

r~g~ely momtor for..total and fecal cohform bacteria, an indicator orgamsm. With few
8~tirfiS;:theseorganisms, which originate in the intestinal tract of warm-blooded animals and

ar’~’not pathogenic. Because coliforms are more abundant than pathogens in
hum~g.ste by several orders of magnitude, the tests provide a margin of safety against
pathogens. If coliforms are not detected, it is assumed that bacterial pathogens would not be
likely to be present, or at least they are likely to be below the levels known to infect. Although
the tests have limitations, they are still the most widely used indicators of bacterial water quality.
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Viruses. In contrast to bacteria, enteric viruses are always assumed to be pathogenic. The
prevailing theory is that only one infective unit (which may be as low as one virus) can cause
infection. Because clinical symptoms do not always result from infections, because it is difficult
to link infections to a waterborne source, because there are difficulties in detecting viruses, and
because people are exposed to viruses from many sources, the extent of waterborne diseases due
to viruses is not well quantified. The CDC estimates that of the 1 million of cases p~r year of
illness from waterborne microorganisms, perhaps more than 50 percent are viral, vii~ses of
concern in drinking water are listed in Table 3.3. The enteroviruses (polio, Coxsgekie A,
Coxsackie B, and echoviruses), adenoviruses, reoviruses, the h,epatitis.~es,~and rotavirus can
be detected by laboratory cell culture techniques.         ,~:L"~    ~:

Table 3.2 PRINCIPAL WATERBORNE BACTERIAL’AGENTS :~i " ........
AND ASSOCIATED HEALTH EFFECTS       : ::~’       W,/

Bacteria :"....... ,:,: :! ,~ Disease

Salmonella typhi .... , ~.~:~:i. ~.:~i .~,~ "Typhoid fever

Salmonella paratyphi-A ,/ "~5 .......:.o,: Paratyphoid fever

Salmonella (other species) : ~;~ ;S~0ff611osis, enteric fever

Vibrio cholerae ";/! :::"::;~:)~<;:?i;’;!).~’;:~:}. Chol~’ra

,: ~ d 2’ / ,, ¯ ,L,~sA,.~>~.,,’,,,o~,~ . .
Yersinia enterocolitica ;.~," 7" .~ :pq:..{~ ~,,<<- .~/ Oastroenterltls

Francisella tularensis < :, a-"":< , ;" ,’,4 Tularemia
,.. ~ .;,.;],;

Escherischia coli (specific enteropathogenie str~.ihs) ’ ~.,+: ~"
;4’.7 Oastroentedtis

Pseudomonas aeroginosa .: i / .... Various infections

Enterobacteria.~c~. f.(Edwardsiella, Prot#us~ Serratm, Gastroentedtis

Campylobaei~’F~i~:;;<, ~;i" :’ ’.)ii!;ii~’c-:~;~ ~ii:.~’.;’2T ;?~’,:~" Gastroenteritis

Table 3.3 ENTERIC>VIRUSES N;TI~rEIR ASSOCIATED DISEASES
Virus Group ~.i37.::;:;<2 %;.Number oIiypes~ Common Disease Syndromes

Enteroviruses~f~;¢ ........~Z~)~}~;:;::{’22~.:’~.

rouov!~es ’};~7.~;S~7~.[~,?) Poliomyelitis, aseptic meningitis

Coxsa~kteviruses A :;�77"~¢{~.~ 23 Herpangina, asepticmeningitis, exanthem

C~ckieviruses B ~::;’~;~ 6 Aseptic meningitis, epidemic myalgia, myocarditis, pericarditis

F_~h0vtruses ~:j 31 Aseptic meningitis, exanthem, gastroenteritis
~+d~~, ,. ~

enii~Vlruses .,.0:</;" 3 1 Upper respiratory illness, pharyngitis, conjunctivitis

Ri~0vlrllses 7~g~!-’!@.i 3 Upper respiratory illness, diarrhea, exanthem

H~5~:’K’~?irus I Viral hepatitis type A or infectious hepatitis

Hepatitis B Virus 4 Viral hepatitis type B or serum hepatitis

Rotavirus 2 Gastroenteritis

Norwalk agent 1 Gastroenteritis
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Parasites¯ Eggs and cysts of parasitic protozoa and helminths (worms) excreted into the
environment may enter water supplies. All can severely disrupt the intestinal tract. Two of these
are Giardia lamblia and Cryptosporidium parvum. Their cysts/oocysts are far more resistant to
disinfectants than bacteria or most viruses.

Giardia lamblia. Giardia lamblia, the intestinal protozoan most frequently foundin’human
populations worldwide, is the most commonly identified agent of water-b0tne diseases in the
United States (Feachem, et al., 1983). Waterborne giardiasisi~_y be.~~’~ in the U.S. with
95 outbreaks over the last 25 years. Over 60 percent of all__G}~~dia la~b~i~-e~fi.~ns
believed to be acquired from contaminated water¯ Giardia.lamblia cysts are :f0~O,in .water
contarmnated by fecal material from infected humans and ammals. Giardia larabIiafomas an
environmentally resistant cyst that allows the parasite to s~ive in’surface    ’ ~’~ : ......water and treated
drinking water¯                                 !. ~, i:!.!::. :;,:’ ::-.

Ingestion of as few as 10 cysts can cause infection (Rendtorff arid Holt,71954). Infection was
measured by the excretion of cysts, and illness was.not determined,-:;~ ratio of illness to
infection is highly variable. Giardia lamblia infectionswi..’~no symiXb~of illness may be as
high as 39 percent for children under 5 yearsold~d76~e}&N for aduRs in certain populations
(Craft, 1981; and Wolf, 1979; as reported in’Rose, et aE~9~)2::’:At~tlie same time, symptomatic
infections have been reported at a rate of,.50 to 67.~ercent ~.~~d :o~.l’tigh as 91 percent in others
(Veazie, et al., 1979, as reported in R0g~; et al., 1,991). In y~ other groups, chronic giardiasis
may develop in as many as 58 percent of an infected pop~atlon.

Cryptosporldillm pa~um..~: Cryptospor~dium pwm,’ura~" an intestinal protozoan parasite, was first
identified.ih{1907, but has been:recognized to :cause diarrheal disease in humans only since 1980.
The first’d0gumented waterborne Outbreak of cryptosporidiosis in humans occurred in the U.S. m
1985¯ In January :1988, EPA addled crfiptosportdium parvum to the Drinking Water Priority List.

~’::~2o~-~.:.~.~.~.’;x ’:"~’ :; .,P4;.::’’’.’-~’ .The severe gasX~:-intestmal symptoms.6~.the disease last an average of 12 days, and are self-
hrmtmg m peoplec’~;normal immune function. Illness patterns vary with age, immune status,

are m eand variations in the vlruleNe~e:of,,Cryptosportdium parvum. Young mammalsor
suscentilSle. For AIDS ~:.cancer patients, cryptospondlosls can cause mortality. The oocyst
(infe~ve stage) dose necessary to cause an infection ~n humans is unknown, but may be low; in
a 2~ate study, two individuals became infected after exposure to only 10 oocysts (Miller, et al.
19i~~,~ No effective t~d~{rnent for the disease exists¯ Cryptosporidium par~um is transmitted
between humans and:warm-blooded ammals, Including cats, dogs, cattle, goats, mice, pigs, rats,
~d ~li~2’~yerand Ungar, 1986, as reported in Rose, 1991). Cryptospor,diumparuum from
bird~:~iggt:irffect mammals, however. Common sources of Cryptosporidium parvum m water
are ~,~iiili~e in a watershed, sewage discharges, and domestic animals (including runoff from
grazing lands and dairies). For example, surface water running through cattle pastures can
contain up to 6,000 oocysts per liter (Madore, et al., as reported in Peeters, et al., 1989)¯
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Cryptosporidium par~um in drinking water strongly resists chlorine disinfection. In addition,
Cryptosporidium par~urn levels do not correlate well with indicator coliform bacteria levels, so
meeting standards for coliforms and turbidity (a measure of the reduction of clarity of a water by
suspended particles) may not be a sufficient measure of treatment reliability for removal of
Cryptosporidium parvum. Normal levels of chlorine in drinking water have been shown to be
ineffective for inactivating Cryptosporidium parvum, even after 18 hours of contact. However,
ozone and chlonne dioxide have been found to be more effective d~smfectants (P~et~rs et al.,
1989). Sand filtratmn alone reduces but does not completely elnnlnate oocyst concentratmns.
Filtration vc~th coagulatmn achieves greater removals.

pH. The formation of DBPs in drinking water is dependem;a variety O~phra~eters~;,one of which
~s pH. pH of source water can affect the effectiveness of drinking ~,at~r treatnien!i~�~,,Iinologies.
For agriculture pH problems are related to potential co~9s~on~pg plugging of
equipment (such as aluminum pipe and drip emitters) and~.r.~�]~i[tation of residues;~;piants
(such as cut flowers m greenhouses). Nutntmnal imbalance cart be~caused by tmgatmn water
w~th a pH outside of the normal range.

Sodium Absorption Ratio (SAR). SAR is of concehi.#!!gg.riculmral!b~n~cial uses. Sodium
hazards m lrngatmn and sod waters can ~mpa~r:crop.production. Unhke’sahmty, excessive
sodium does not curtad the uptake of wate~ by plants;~biit ~i~destrdys soil structure and
reduces the mfiltratmn of water into the. sod. Thus,.plant g~:o~;can be affected by drought
stress and lack of aeratmn. When calcmm and ~agnes~um~ge ihe predormnant catmns absorbed
on soil particles, the soil tends to h£~!~granul~ structure~fliat is easily tilled and readily
permeable. Unbalanced by other: cations, largemamounts:.,0f sodium can disperse soil particles, so
that soil structure breaks down and hydraulicc0iidp~g:city decreases. Good soil structure and
adequate drNnage are esseritial-fot sustalnab!~:S~!,~d sahmty management. Add~tmnal
agronorm~ssues:anslng fromexces~, sodium include sod crusting (especially over seedbeds),
temporary SatUmt~bn~of the so~I s~:l~ayer, and/or related d~sease, weed, root-resptratory, and
nutritional pr6bI~:!~;i::N,,~xtrem~;:~’@2~}~d for sensitive plants, sodium ions can be phytotoxic,
much in the s~;:~i~i~’.~as~chlori~i~finagement of sodium by leaching alone can be
~mpract~c~because ofp~:oblems ~.w~th sod aeratmn and drainage. Sodium ~s generally managed
by replacement w~th calc~um:~o, ugh the ad&tmn of gypsum, or sulfuric acid, which reacts w~th
sod cNclum carbonate, to:liberate calcium. These treatments must be followed by leaching w~th
watt’of acceptable quali~. In general, the benefit of a water-applied amendment is much
~r when the ~mgat, i,,on water sal~mty is relatively low. The primary sources of sodium are
~N~ter and agric~al drainage¯ SAR can affect crop yields and sensitive crops such as
6~?b~ti~ds>an~,~,,b,,.eans~It ~s a particular issue m the western and ~ntenor Delta.

Salifiity.~Sahmty m of concern to mumc~pal users because (1) brormde, a component of saline
water, forms DBP precursors (bromide and total organic carbon); (2) there is a need for low
salinity supplies to assure the feasibility of local wastewater reclamation and conjunctive use
projects, (3) there is a need for tow salinity supplies to minimize and retard the corrosion of
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infrastructure and appliances, (4) there is a need for low salinity supplies to improve the
aesthetics of drinking water. Salinity is of concern to agricultural users because of potential plant
toxicity problems. (California Urban Water Agencies (CUWA)/CALFED, 1996)¯

Sources of marine water include salt water intrusion into the Delta from San Francisco Bay and
cormate groundwater. The magnitude of saline water intrusion is influenced by Delta outflow,

.......
which defines the upstream boundary of the sahmty wedge¯ Seawater is the pnm~’source of
salmaty. Agricultural drainage from the Delta, upstream agricultural dr~gge~.~fia sources on
the Sacramento and San Joaquin rivers, and urban runoff m~yi~!~o ~~concentrations.
Urban runoff consists of dissolved minerals, whereas agriedtural drain~ge~ade~~" up of soluble;?
salts from irrigation water leached from the soils (CUV~A~IIi::~95). :~..);~i~!~}~

Electrical Conductivity (EC), more correctly known as spec~ficeonductance, ~s the
common general measure of dissolved minerals in Delta whte~s. ~ E,C is generally considered a
conservative parameter, not subject to sources or losses int.enia[t~..a.2~.,a, ter body. Therefore,
changes in EC values can be used to interpret the movement offfat~ ~d~the mixing of salts in
the Delta. EC values increase with concentration, decre~e with dil~it~;:ahd may be elevated in
agricultural drmnage dmcharges and areas affected by seawater.

For agriculture, xrngatmn water quahty affects the amount!~d;.type.of salts found m sod. When
water is apphed as irrigation, crop uptake~and eva~oratlon ~rao)e’pure water w-xth some
dissolved salts, particularly nutrient.:SalN’. Howe.v~r, most.p]f°the water’s salt load remains in the
crops root zone after uptake of waf~ii~O~’roots::!:When wat~ does not leach from the soil, but is
only added to meet crop needs, th6~oil accumulates residual salt over time. If the frequency of
leaching ~s too. low, then salt eoncentratlons may.re~eh levels that stress growing plants. Tn
general, salt’!~uences P!.,~ ~ by deprivi.~g~tlae roots of water. Water uptake by plants ~s
driven ~.: in W’~it~i’~i~iSiSt~iat and salt concentration between the root interior and the
soil. plants must accumulate salt themselves,
or must

~’~..~¢.~"
from the soil.

to conditions by these and other mechanisms; and

, vary in aline conditions. Even tolerant plants, though they
s~, may not produce~ r6uch when grown under saline conditions. This is because
e~tion of water fro~;:~aline soil requires more plant energy, which might otherwise be

to
~~ie syste~.:i~:.:~ther ways (See sodium). The major objective in selecting management
~~%~’~alinity is to maint~ adequate soil water availability to the crop. ~’rocedures
   iat vely r nor changes xn management are more frequent   gat on events,
sele~of more salt-tolerant crops, additional leaching, pre-plant irrigation events, and altered
seed placement. Alternative that may require significant changes in management are changing
the irrigation method, altering the water supply, land-grading, modifying the soil profile (deep
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ripping), and installing artificial drainage. Management practices must fit the method of
irrigation. After salinization, one study showed 10 to 15 percent salt removal by leaching that
should theoretically remove 50 percent of accumulated salinity (Mass & Hoffrnan, 1983)¯ Field
realities may influence saline land management.

Temperature. Temperature govems rates of biochemical processes and is a major environmental
factor in determining organism preferences and behavior¯ Water temperatures in ~e;~)elta are
generally a function of the weather and runoff conditions. Delta temperaturesare influenced
only slightly by water management activities. The most co.on env~6~h~l impacts
assocmted w~th water temperatures are locahzed effects causFd.by d~schNge~~.~,s~bstant~ally
elevated temperatures (e.g., thermal shock). Fish growth;ad’tivity, and m~~;r,elated
their temperature tolerances. The Delta supports fish sped~es, such as;~he
striped bass, that require different warm- and coldwater habitat conditions¯

For agriculture temperature of irrigation water has direct and~diredt,effects on plant growth.

Each occurs when physiological functions are impaired,by excess~vely!hig,h or excessively low
temperatures. The direct effects on plant growth from extreme t~i;ap’~g’:of the irrigation
water occurs when the water ~s first apphed, and they are,less pronotmced,w~th pressure
~rngatmn systems than wath surface ~rngatmn systems.ci~Ind~eqt effects:6f the temperature of
irrigation water on plant growth occur as.~,,result of ~e ~gt~,s.~..u.,ence on soil temperature.
Temperature effects are primarily related i~b rice seeflling~N~gd~ and crop development. Rice
production is concentrated in the northei’h San Joaquin and~;~a~"irn Sacramento valleys. When
water is colder, irrigation facdmes NI.spread water out fo~solar warming can be used, including
shallow reservoirs and flooded field,: Some rice farms-de~iignate an upper part of the field for
spreading an~.warming water,,or ~Ise they~acc.ePt~!og.er’productivity in parts of their farm that
receive ~rn~ation water dtrectl~ ~rom the canal. ~

Turbidity. Tu~b~di~;~s a nons~fic"rrieasure of suspended matter such as clay, silt, organic
particulates, plank[Og;:’afid m~croofgani~ms. The presence of suspended sohds (often measured
as turbidity).is :ageneriiHfidicator of:~ti~ace erosion and runoff into water bodies, resuspension
of sed~m.~gt~matenals,’o~:bmlogtcal product~wty. Following major storms, water quahty ~s often
degrad~tt~ by morgamc and,orgamc solids and associated adsorbed contaminants (such as metals,
nutrients, and agnculmral-~I~etmcals) that are resuspended or introduced m runoff. Such runoff

nt    s1 t for onl a hm~ted t~me andand~suspensmn episodes are relatively lnfreque ; per "s      y " "    " ; ,
thg~’pre, are not often,detected m regular samphng programs. Large Delta inflows, sediment
re~p.?~.nsion duringflr~dging activities, agricultural drainage discharges, and suspended
:~c:algae. ~e" the mare causes of high SS concentratmns.

The attenuatmn of hght ~n Delta waters ~s controlled by SS concentratmns (wath some effects
from chlorophyll)¯ These concentrations are often elevated in the entrapment zone as a result of
increased flocculation (i.e., aggregation of particles) in the estuarine salinity gradient. High
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winds and tidal currents also contribute to increased SS concentrations in the estuary. Suspended
sediments tend to suppress algae growth in much of the Delta (California State Water Resources
Control Board 1995a).

Turbidity is of concern in drinking water because it can render water aesthetically unacceptable
to the consumer; reduce the efficiency of disinfection by shielding microorganisms; .and act as a
vehicle for the concentration, transport, and release of organic and inorg ..agi. "c.~. toxi..egn, ts, bacteria,
and viruses.

From an agricultttral perspective the effects of turbidity on pla~is and s0ii~::ineiu~tethe formatior~~

of crusts at the soil surface (inhibiting water infiltration and aeration, impeding~e~ling
emergence, and hindering leaching of saline soils), and th~..formatiPn’~f films
(blocking sunlight and reducing photosynthesis and marketability). High colloidal Content in
water used for sprinkler irrigation can result in deposition 0ff-dmso, n leafy vegetable crops such
as lettuce, which affects marketability and management. Settle, able matter in the water can
prematurely decrease reservoir capacity, and increase maintenaneeii~eqtiirements on delivery
canals due to siltation. Turbidity also increases wear. on p, umpmg facllitie~,As agricultural lands
in the Sacramento and San Joaqum valleys continue to, bei~gated wath low-volume lmgatmn
systems like drip and micro-sprinkle, clogging, maintenance;’and on-farm water management
(filtration) reqmrements will need to be considered ~.he~’s~le-e~g::.a...riew system or evaluating
water supply¯ Filtration and mamtenance~teqmrements f0i’:iturb~d;~v?ater for low-volume
irrigation can be costly and may maketh~ waterunusable.¯

": " - i- ;;:>.,~ , .i ¯ .,.

Data Available ~. ;/ : ,-’, -~-

Water q~j~%nlsedim;nt dat~ s" .ummary tabl~s"’iire located in appendix B. The tables provide
lnformation!pnmeasured coneentr~pns of water quahty parameters at various locations m the
Bay-Delta anit.Sa~ento and San 7~6~.qum Basins. The tables also detail discharge water
quality data (wh~’6;avmlable), time ~the study, study name, who study was prepared for and the
date of th~o~:~this;~.epoa dat~vallabillty is summarized for informational purposes only.

Dam e’ca!iiatmn wall be.usedmore, extenswely as part of the EIR/EIS impact assessment process.

T~a~get Ranges for Parameters

A:z~e of reference/is required in order to understand the relevance of data regarding
parameters;o~concern. For some parameters, particularly those affecting environmental
b~gt~N~e~ource water quality regulatory standards, objectives or criteria have been
developed. In other cases, such as at mumc~pal and agricultural water retakes, source water
quality standards have not been developed. The Water Quality Technical group reviewed the
existing regulatory requirements and the specific requirements of each beneficial use. Based on
this review they recommended target ranges for each parameter of concern at critical locations
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throughout the CALFED water quality solution area. Table 3.4 summarizes the source water
quality targets for each parameter of concern.
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Table 4.1 Bromide Loadings

t3asin Enissim 53

! - Sot~e &~s not contribute sigrtif~mt load ffconstime~ in rials ~tershed.
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Table 4.2 Cadmium Loadings
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Table 4.3 Copper Loadings

COPPER LOADING TABLE

Copper Loading (thousands of pounds/year)

Lower Upper

Source
Bay

Note Delta Note San Joaquin Note
Sacramento

Note
Sacramento

NoteRegion Basin Basin below Basin above
dams Dams

/
Agricultural    ~t IIIIIIIIIIIIIIIIIIIII111111111 IIIit111111111111111111!111!14~ :i ~ e ~ ~[~
Mine Drainage 4 a 4 a 274 ¯ ~: a ~1~

!M&I Wastewater ;’
(POTVV) 55 g 2 b "" .... 9 .~= b
Urban Runoff 73 ~ 6 c 9 c 24 ./ ~.� ~ ’

Total Load 128 12 13 ",~,,~ ~,. :. 348 .,..-~.,~,~ .,:;.,. , .-/"

Basin Emission d 22 a&b 124 a&b 56 h

Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load

~ - Data available; flow and concentration data available; load calculations required.
- Further literature review required.
- Source does not contribute significant load of constituent in this watershed.
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Table 4-4 Mercury Loadings

MERCURY LOADING TABLE
Mercury Loading (pounds/year)

San SacramentoBay
Note River above NoteSource Delta Note Sacramento Note Joaquin Note RegionBasin Basin dams

Agdcultural !111111111111!11111IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII iiiiiit11111111111111111~

M&I Wastewater
(POTW) 1543 " a
Urban Runoff IIIIIIIIIIIIIIIIIIII     IIIIIII!!lllllllll!!l!l!lllllli     rllllllllllllllllllltltll " 330 a

Total Load ’ 1873

Basin Emission I 2530 a&b 328 "a&b 2500

Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load

~ - Data available; flow and concentration data ava~able; load calculations required.

- Further literature review required.
- Source does not contribute significant load of constituent in this watershed.
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Table 4-5 Nitrate Loadings

NITRATE LOADING TABLE
Nitrate Loading (thousands of pounds/year)

Source Delta Note Bay Note Sacramento Note Sacramento River Note
Region Basin above Dams

Agricultural ~ IIIIIIIIIIIII!111111111111111111IIIIIIIIIIIIIIIIIIII!111111!111 II
Urban Runoff 77 ......~-" 166 a 1790 "-, b
FIowRe~lulation III!11!111!!!11!II!1!111111111111I IIIIIIIII!111111111!111111111111IIIIIIIIIIII!1111111111111!111 II IIIIII
Construction IIIII!111111!1!1IIIIIIIIIII IIIIII!11111111111111111111111!1II!11!1!1!1!11!111111111111111 II IIIIII
Total Load 77 166 1790

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBasin Emission IIIIIIIIIIIIIIII IIIIIIIIIIIIIIitttllt ii!1!111111111111111t111111111111
Note: Letters listed in italics under the Note column provide the background and references asso~ated with the accompanying load

- Data available; flow and concentration data available; load calculations required,
- Fu~lher literature review required.
- Source does not contribute significant load of constituent in this watershed.

Bay Region

O-

Del(a
Urban Runoff

Flow Regulalion

Basin Emission
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Table 4-6 Selenium Loadings

SELENIUM LOADING TABLE - 1
Selenium Loading (thousands of pounds/year)

Lower Upper

Source Delta Note Sacramento Note San Joaquin Note Bay Note
Sacramento

NoteBasin below Basin Region Basin above
dams Dams

A~cultural ~ ~////~ ~
Mine Drainage
M&I Wastewater

~ 7(POTW)
Urban Runoff
Flow Regulation
Total Load 7

Corn Com
Basin Emission 4 a&b 2 a&b

Note: Letters ~ted in itaflc= under the Note c~urnn pro’~de the bad(ground and refe~nces associated ~ the accompanying load
- Data available; flow and conceottai~on data available; load caicufatJor~ req~red.
- Fun~er literature review required,
- Source does not cogitate significant load of co~stJtuent in this watershed,
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SELENIUM TABLE - 2
Selenium in the San Joaquin River Tributaries

Tributary Dissolved Selenium Loads in Tributaries as % of those in
San Joaquin River at Vernalis (1)

Stanislaus River 2
Toulumne River 3
Salt/Mud Slou~lhs ’ 71 .~
Merced River ~2 ,:~ ,,
San Joaquin above Salt Slough Confluence _- ~T~ T~’; -. ~

(1) Values obtained from the U.S. Geological Survey Water Resources Investigation Report 88-4186. ~:~ " " ~ ~:2~ ~.~

The dissolved selenium loads for the tributaries to the San Joaquin River do not add up to 100% of the loads in the San Joaqum River near -

Vernalis because some of the load at Vemalis most likely can be attributed to sources within the river, such as selenium delivered to,~. e2,I ~ "

San Joaquin River from sources other than the listed tributaries. ¯ ~:-

SELENIUM IN TIlE SAN JOAQUIN RIVER TRIBUTARIES

Table~4h~Selenium Loadings from the San Joaquin Tributaries
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TOTAL DISSOLVED SOLIDS (TDS) LOADING TABLE
Total Dissolved Solids (TDS) Loading (thousands of pounds/year).

Lower i Upper
Sacramento

Note
San Joaquln

Note Bay Region Note
Sacramento

NoteSource Delta Note
Basin below Basin Basin above

dams O~ms

Agricultural IIIIIIIIIIIIIIII 2,651,000 a 2,171,000 d IIIIIII!l!llllllllllllllllllllll .... !lllllll!!!lllllllllll!!ll!l!l!lll
Mine Drainage III!1!!11!11111111IIIIIIIIIIIIIIIIIIIIIIIIIIIII II!1!!11!111111111111111111111~ ~llll!!llllllllllllll!llllllllllllit

Urban Runoff I!11111111111111142,330 c 296 I e IIIIIIIIIIII!!1!1111111111111111i11111111111111111111111111111111111
Flow Re~lulation ~1 ~

2,171,296

722,500

: AJI numbers a~e rounded to significant 4 digits
Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load

Data available; flow and concantratio~ data available; load calculations required.
Further literature review required.
o Source does not conthbute significant load of constituent in this watershed.

Table 4-8. Total Dissolved Solids Loadings
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Table 4-9. Total Organic Carbon Loading

TOTAL ORGANIC CARBON (TOC) LOADING TABLE
Total Organic Carbon (TOC) Loading (thousands of pounds/year)

Lower Upper
Sacramento San Joaquin Sacramento

Source Delta Note Basin below Note Basin Note Bay Region Note Basin above Note
dams Dams

,Agdcultural lllllllIIIIlIIII 7706 a 10,764 c
Mine Drainage IIIIIIIII!1111111 IIIIIIIIIIIIIIII!11!1111!1111IIIIllilllllll I!111111 II !111!1

5375 b

Flow Regulation ~ ~ ~ ~

corn Com~, I
Basin Emission 24,130 a&c 11,710 a&b

provide the background and references asso~ated v~th the accompany{rig I~d
Data available; flow and concentration data available; load calculations required.
Further literature review required.
- Source does not contribute significant load of oanstJtuent in this watershed.
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Table 4-10. Zinc Loadings

ZINC LOADING TABLE
Zinc Loading (thousands of pounds/year)

Lower Upper
Sacramento San Joaquin Sacramento

Source Basin below Note Basin Bay Region
Basin above

Note

dams Dams

88 c
930 d 116

e
f

Total Load 1183 116

Basin Emission 255 q 69 279

Note: Letters listed in italics under the Note column provide the background and references associated with the accompanying load
Data available; flow and concentration data available; load calculations required.
Further literature review required.
- Source does not contribute significant load of constituent in this watershed.
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SECTION 5

Water Quality Problem Areas

Def’ming what constitutes a "problem" is a controversial and endlessly debatable issue¯ Very few
of the parameters of concern have been studied sufficiently to understand their fate,.~ .ansport and
impact, particularly on biological systems. If a parameter is measured aga, inst an..~dsting
objective, criteria or standard a decision must be made of whether the standard is’appropriate,
what it is meant to protect, and what level of exceedance is relevant (e.g; duration, season,
geographic locatlon, etc.). For example, an exceedance of copper in the upper S~ramentoRiver~
dunng the fall-run chinook salmon juvenile outmlgration period might be d~astatmg to the
populatmn but dunng other times of the year (when fall-run are no[present) there m~y~
virtually no impact. For some parameters such as temper~iture and salinity extensive;tt~ita~!~ts
been collected¯ For other parameters such as pesticides, ~aL~nformatIon is known. Given
the Inherent difficulties attempting to measure data against pubhshe~l standards and the
programmatic nature of the CALFED Water Quality Prpgram, d~[_~mi~’.~0n..and prioritization of
water quality problem areas have been based on one or more of the. follo~g criteria¯ These
criteria have been developed through consultatmn vath the,~Water Quah~iTechnical Group,
particularly the Parameter Assessment Team.;/.: £... " -~-~]~2~<~"~!r~~:~=~.?,~:.:~:.;~

¯ US EPA Section 303(d) Listing ,,"      ..
Sectmn 303(d) of the Federal Clean Water.i~ct reqmres each state to develop a hst,
known as a 303(d) list, of ~at~bodie,~ ~at" -- are i@[red with respect to water quality. In
addition to listing impaired Water bodies the 303(d) list identities the suspected major

~’: . ~r ~.". ~:;’2.~" . . .sources of parameters gausmg lmpau’ment.~,:These sources include mine drainage,
agricultural drainage; urban and indus~al runoff, and municipal and industrial
w~...aste,~ater, d~scharges::~Ip~ompliancewith Sectmn 303(d) of the Clean Water Act the
s ; ]iN iSe..andCen~[. ~lley Regional Water Quality Control Boards in 1996,
identifi~i:l allJ~p,,a, ired wa~erb~£~!~s in California. CALFED is using this list to make a

~ ": ~~’~ment of’~" water quality problems (primarily environmental &
~e~ntral Valley and Bay-Delta.

Assesshi~nt Team Drinking Water Targets
The ability of Del~ dflnking water sources to be treated at reasonable cost to meet
current and futur~’federal and State health-based drinking water standards.

g Water Targets
)elta drinking water sources to sustain the productivity of agricultural

prevent salt contamination of soils¯

¯ Scientific Studies
Knowledge based on scientific studies and data that indicate a potentially significant
problem exists¯
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Impaired Water Bodies

Water bodies impaired by parameters of concern, according to the 303 (d) list are shown in
Figure 5-1. More detailed information pertaining to the Section 303(d) list can be found in
Appendix C.

Sacramento River Basin. Several drmnages in the Sacramento Basin contain metals in
concentrations that may impair environmental beneficial uses:. The upper Sacramento River
(Shasta Dam to Red Bluff) contains elevated copper, cadmium;’~and zifi~I26adings to the fiver in~.

..... ¯ .
this region are predominantly from mxne drmnage althoug
measure of mass loading of these metals to the upper Sacramento dr~ifi~ge.

Data collected on the lower Sacramento River (Red Bluffto the ~elta) indicate that this main
water body is impaired with regard to environmental and re~dnal beneficial uses, due to
elevated mercury, diazinon, and chlorpyrifos. Both the lower.Ahiencan River and the lower
Feather River are similarly ~mpalred. Elevated mercury in these~xibUtaries may pose a risk to
people that catch and consume fish¯ Elevated levels ofdiazinon and ehl0~}h-ifos have been
documented in the lower Feather River. In these three ~\~.t~r, bodles, tirb..~ runoff has been
identified as a source of mercury, and in thelow~~’o::and ~e~er rivers, urban runoff
has been identified as a source of diazinon ahdchlorpynfos::~:v.~~ ~,~.~s~-~.

Other water bodies that are influenced ~y urban and industrial runoff include Natomas East Main
Drain and Sacramento Slough. These~o wg~r bodies ~tain elevated levels of diazinon and
chlorpyrifos. Sources include agriculture and firban runoff. Natomas East Main Drain has
elevated levels of PCBs, and Sae(amento Slough has elevated mercury. These b~oaeeumulative

.
substances L~npatr, recreatlonal beneficial uses.0.e:; fishing) in these areas.

San Joaq~ifi Riv~Basin. Urb~i~Fmdustrial runoff contribute to the overall mass loading of
.~ , ~ ~+~.~ ......

parameters of concemm the San’J6aq~in:River Basin. However, in this basin, urban runoff IS
not cons~derext"a mamrsp.~e of d~az~non or chlorpynfos relative to agricultural sources. The
pnnclpabsources of ~dentifie~lparameters of concern are agriculture and some mines.

Delta,~unoff from the ~,i~t major storm of the year ~n Stockton appears to annually produce an
~ deficit causing fish kills in adjacent Delta sloughs. The cause of the deficit is not yet

1995). 2File Delta contmns elevated mercury, diazinon, and chlorpyrifos. These
~mpatr:environmental and recreational beneficial uses¯ Urban runoff from cities in

rote mass loading of these parameters of concern.

Bay.Numerous waterbodies drain to the San Francisco Bay Delta Estuary, many
of which are listed as impaired waterbodies under Clean Water Act Section 303(d). For example,
the Napa and Petaluma rivers are conveyances for a combination of urban and agricultural
runoff, and may contribute pathogens, nutrients, and turbidity to the CALFED problem area.
Urban runoff from cities around San Francisco Bay and San Pablo Bay is a significant source of
metals to the estuary.
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Section 6

Action Strategies

Action strategies have been developed by the Water Quality Program to address water quality
problems in the Delta and its tributaries. The strategies are recommended actions that either
improve source water quality by reducing loadlngs from the sources of water quality problems
(e.g., mlne drainage, agricultural drainage, urban and industria.1 runoff, and’muniCipal and

~:~,Li.; ~i’:/4~"

industrial wastewater treatment faclhtles), upgrade water treatment plants,~0i’~ange water
management practices¯                              -.-:÷         ~:~i~,

Action strategies to address water quality problems include a combination of researeh~ pilot

studies and full-scale actions. For some parameters, such as mer~cury, there is little u~erstood
about its sources, the bioavailability of the various sources, and ~the load reductions needed to

reduce fish tissue concentrations to levels acceptable for hum~N..__u~ ption. For this parameter
further study ~s" recommended before full-scale actions ard ta~~ Foi~...,..’~ther..~. ~,. parameters, such as
selenium, sources are better documented, and source control or trea .t~a~.e.~ta’ctions can be taken
with a reasonable expectation ofposltlve environmental results¯

Performance targets have been established to measurg’th~ effeetivenlss of actions m improving
water quality. Performance targets may be quantifiable rdducti6"’~n;s~m loadmgs of parameters. For
example, the target for copper in the Saci’amento River is t0"rei:luce copper loadings in the Upper
Sacramento River from 65,000 p01ii~o    ~ +’’10,000 pounds.p,er year. For actions that recommend
further study of a parameter the performance ta~.get m~Yr.~b~ a focussed outcome. For example, an
action for m~,r.cury is further rese~ch to better.unde~s..taild the sources and mechanisms of
mercury acidulation in the D~lta. The peff6~l~i~id~ target is a targeted action plan that specifies
selectionaiid i:morltizatlon of the most effective mercury remedlatlon actions.

~nmcators oI success, ge.generany numerical or narranve water quamy targets nave oeen
developed foLe~h}arameter of cormern. These targets relate to acceptable m-stream
concentrations of param~terssThey will be used to gauge action and alternatlve effectiveness at

protec~beneficial us~§f~’:TAr~.g,e..tS are based on Water Quality Control Plans (Basin Plans) of the
Bay~ea and Central Va~ey.~Reglonal Water Quality Control Boards or U.S. Envlronmental. ....
Pr.~,,t~tlon Agency amble~nt water quality objectives, standard agricultural water quality
o}j~tives, and target source drinking water quality ranges as defined by technical experts.

Ifiitiv~d~rogr~atic actions may vary in cost, technical feasibility, and other respects that
~/o~ ~ the:final choices for implementation of actions. Actions will therefore be subjected
to ~fe’~slbihty analysis to determine which programmatic action are most appropriate to be
carried forward toward implementation. This work has begun and will continue into Phase III of
the CA.LFED Program. Full feasibility analysis in conjunction with project-specific
environmental documentation will be performed in Phase III.
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Summary of Action Strategies

Following is a summary by geographic region of some of the major strategies that make up the
CALFED Water Quality Program.                              .

Delta ...... :

Actions strategies to address water quality problems in the Dei}a address u~ban and industrial -
runoff, municipal and industrial wastewater, agricultural drainage, and s~rie?;ntrol and ¯
treatment. Following is a description of the main action strategies for each of th~se

Mine drainage actions will reduce mercury, loadings to the Delta from abandoned and inactive
mines¯ These actmns ~nclude source control and treatment measles. Actions for mercury occur
throughout the basra and are primarily being addressed ~.th~ough~.g_~sygem.?~w~de research-program
that wall attempt to ~dentffy bmavmlable forms of mercury, sources..~f~t~.~ bmavmlable forms and
an actmn plan to reduce the load~ngs of these forms.~.Pflot scale actions are :recommended for
mines that drain mercury to Cache Creek and the.Yolo Bypkss.

Urban and industrial runoff actions will help to reduce t0Xiei~!~N~the ~esticides chlorpvrifos
and dmz~non, ~ and oxygen deplet.!on ~n the,Delta, ar[~.t0.r~duce pathogens. Actions
include both source control and treatment measures.

Municipal and industrial discharge: actions wi~ he!p to reduce patho~,ens and oxv~,en depletion.
These act~ons..’include source cofiti:ol and treatment~rneasures ~ncludmg ~mproved management
of boat di~h~ges ~and ad&tmV~l~9,.urce controlor treatment at wastewater treatment plants.

Agricultural drainage!~ctions will redute~toxicity from the pesticide carbofuran, chlorpyrifos, and
diazinon in the i}dl~a]:Z~)ions ar~~’~y source control measures such as best management
pra ~ces (]~MPs-). ,~_¢~

~’,~,~’~, ~..;~,

Actions to improve the q~gali.t-y;of drinking water sources include relocation of water supply~..~.. ,./ .....
m _takers to avoid areas o~gh sahmty, t~tal o.rgamc carbon, and turbidity_.

to improve     ng water quality include upgrades to treatment processes to improve
d’~s~_e’~tion wh[l.~,~ducing production of unwanted di~infecti0n byproducts.

~~~e ss unknown toxiciW focus on development of a comprehensive monitoring,
assessment, and research program to identify toxicities, the sources of these toxicities, and action
plans to address unknown toxicity in the Delta and its tributaries.
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Sacramento Basin

Action strategies in the Sacramento Basin predominantly include mine drainage actions with
some agricultural drainage and urban and industrial runoff actions. Following is a description
of the main action strategies for each of these sources.

Mine drainage actions will reduce mercury_, cadmium, ~ and zinc loadings to the
Sacramento River and its tributaries from abandoned and inactive mines. ~These actions include
point source and non-point source measures. Actions for cadmium, ~ and z~nc are
focussed at mine sites that drain into the upper Sacramento River. Actions for mercury occur
throughout the basin and are primarily being addressed through a system-wid~X~-earch-program~

to identify bioavailable forms of mercury, sources of the bmavaflable forms andan action pl ,an to
reduce the loadings of these forms.

Urban and industrial runoff actions will reduce toxicity of the pesticide chlorpyrifos and diazinon
in the Sacramento River and its tributaries from urban areas. These actions will include
implementation of pesticide usage BMPs in urban areas:

Agricultural drainage actions will reduce toxicity from the pestxc~des carbofuran, chlorpyrifos,
and diazinon in the Sacramento River and its tributaries t~om ~,~ric~lt-fit~l areas. Actions are
primarily source control measures such ~,best managemept.p~e~.~..ees (BMPs), especially from
farm areas that drain to the Feather River,Colusa Basin Drain; ai~id mainstem Sacramento River.

Actions to address unknown toxici .ty focus on development of a comprehensive monitoring,
assessment and research program td identify"t~kicities, ~ sources of these toxicities, and action
plans to address unknown toxicityrin the Sacramento River and its tributaries.

San ao~filn~Bas~n ..... ~-,:i ~ , .

Action strategies.~n~theSan Joaq~iin Basin predominantly include agricultural drainage actions
with limited minerdrai.n~.ge-ac~ions. F~ollowing is a description of the main action strategies for
eac~ oJ tl~ese sources.

Subfftifface agricultural drfiiffa~e discharged to the San Joaquin River from the Grasslands area
are~erhaps the most s~gmficant cause of water quahty problems, specifically selemum and
salifiity (TDS. chloride; bromide), in the River. CALFED agricultural drainage actions include
~q reduction andreuse, timed drainage release, drainage treatment to reduce trace elements
~’~"~�onta~in~nts, salt separation and utilization and land use changes to reduce drainage
q  i t) ’   .  NaSlturaldrainage actions will reduce toxicity from the pesticides chlorp¥fifos and
di~~-]he San Joaquin River and its tributaries from agricultural areas. Actions ar~
primarily source control measures such as best management practices (BMPs) particularly in
farm areas that drain to Mud and Salt sloughs, and the San Joaquin River.
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Actions to address mine drainage associated with loadings of cadmium and zinc to the San
Joaquin Basin (specifically the Mokelumne River) have been undertaken as part of the Penn
Mine Remediation Plan. However, mcrcu .ry loadings continue to be a problem in the basin.
Actions for mercu.ry occur throughout the basin and are primarily being addressed through a
system-wide research-program that will attempt to identify bioavailable forms of mercury,
sources of the bioavailable forms and an action plan to reduce the loadings of these forms.

Actions to address unknown toxicity focus on development of a comprehensive m~nitoring,
assessment and research program to identify toxicities, the sources of th~S~iO~x~i~ities, and action
plans to address unknown toxicity in the San Joaquin River and its tributai~i2>,

Mine Drainage                                        "

Action
Reduce toxic effects of cadmium, copper, and zinc loadings),o~N ~?~a.._~and its tributaries by source
control or treatment of mine drainage at inactive and aba~idoned~ine ~t~s,. Action targeted at the

Sacramento River and tributaries to the Upper SacramentoT~i~,g)h~’tare major contributorsUpper
of copper, cadm,um and zinc loadings

Methods                     .        .." .    . 2~ .... ~g~.:~.~:.;~..     ..
¯     Source control methods ~nclude capping tmhngs piles,, remowng tmhngs piles, diverting

water courses from metal sources, sealing,mines, remb~ing contaminated sediments, and
similar measures to prevent metals from leaching oidraining into water bodies.

¯ Treatment methods ~nvolvecollectmg,and treating m~ne drainage to remove metals and
neutralize acidity. ~,

¯ Redu~f!~fi in annual copp~r~lo.adings (during an average water year) to the Upper Sacramento
m)dr’-~>~ ~pproxi£nateiY’i55,"00~0 pounds to 10,000 pounds.

Achievement of Basin PlahoNecfi;C~f61::’~admium, copper and zinc in the Sacramento River above

Actiofi~,r .... ~ ....
Reduce toxic effects of m~)cu~ loadings to the Delta and its tributaries by source control and/or

treatment of mine drain.gge at inactive and abandoned mine sites.

2:~~~m~t of a system-wide research program to identify bioavailable forms of mercury,
~’~.S,Ourees of the b~oavmlable forms and an action plan to reduce loadmgs of these forms to the

Delta and its tributaries.
¯ Development of pilot scale projects to determine feasibility of mercury contaminanted

sediment cleanup. Recommend action be targeted at the Cache Creek and its tributary
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watersheds.
¯ Treatment of mercury contaminated mine drainage. Recommend action b~ targeted at the

Cache Creek Watershed and Mt. Diablo mine areas.
Performance measures
¯     Improved understanding of sources and mechanisms of mercury bioaccumulation in the

Delta.
¯ Improved understanding of the cost/benefit associated with remediation~’of mercury

contaminated sediment.
¯ A targeted action plan that specifies selection and prioritization: of~i~tions to remediate

mercury loadings to the Delta and its tributaries.
¯ Reduction in mercury loadings to Cache Creek.
Indicators of success
¯ Achievement of US EPA 304(a) guideline for mercury inthe Delta and itstributarie~.
¯ Removal of fish health advisories. ¯

Urban and Industrial Runoff

Action
Reduce toxic effects of c. opper, zinc and cadm~um’~)ihg)ito the Delta ana its tributaries from

Methods ..... ?:~.-
¯ Enforcement of existing source,9ontrol.,rggulations.
¯ Provision of incentives for ~additional source, e.ontrol of urban and industrial runoff,

particularly those areas tha(have runoff associated with vehicle usage.

¯ In~i~t,~6~C~dunders[anding’of the sour~e~ ~d mechanisms for bioaccumulation of cadmium,
copp~[~ ~ zanc in the Delta::~,

¯     Redu~tioh:incbooer loadings iit selected stormwater momtonng stations.
Indtcator of success ,~,-~. ¯ ",
¯     For.cr~p’er’ari~t£~ea~hievement of Basin Plan objectives in the Delta andSacramento River

~agd’its tributarie~2:US EPA 304(a) guidelines in the San Joaquin River and its tributaries
¯ i;:~For cadmium a~h,levement of Basin Plan objectives in the Sacramento River and its

~,~ tributaries and we~t Of Antioch Bridge in the Delta, US EPA 304(a) guidelines in the San
::::.: Joaquin River and its tributaries and east of Antioch Bridge in the Delta.

Reduce tO-x(~ityfrom the pesticides chlorpyrifos and diazinon in the Delta and its tributaries through
sour~.c~gonttol of urban and industrial runoff.

Methods
¯     Enforcement of existing source control regulations
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¯ Provision of source control incentives, such as additional education for homeowners on
pesticide usage and incentives for pesticide users to increase implementation of best
management practices including integrated pest management.

Performance measure
¯     Improved understanding of the toxicity and sources and mechanisms of chlorpyrifos and

diazinon transport into the Delta.
¯ Reduced toxicity at selected stormwater monitoring locations measuredjby improved

survivability from a three-species test. , ......
Indicator of success :i _;i:....
¯ Reduced toxicity from chlorpyrifos and diazinon in the Delta and it~ tributaries.

Action
Reduce the toxic effects of nutrient loadings and consequently, o~. gen depletion in the Delta and
its tributaries through source control of urban and indus~i~! ~U,n:off:.

Methods
¯     Enforcement of existing source control regulations including.implementation of best

acti ’    ’ ’ "~: :~ ’~management pr    ces
¯ Provision of incentives for additional source control inclpding best management practices

and better planning of new developments (e.g., designof~to,r~ drainage systems that target
maximum infiltration of stormwater into ~the ground or:on-site or regional stormwater
sedimentation facilities that detain the majority of stormwater for at least 8 hours,etc.) and
public education.          ~

Performance Measure
¯ ImPS~ved understanding Of the sourd~s an~l-mechanisms for nutrient transport in the Delta.
¯ N6measurable impacts tofish from low disgolved oxygen levels in the Lower San Joaquin

Indicator of Success,
¯     Achievement of Basin Plan objefitives for dissolved oxygen in the Delta and its tributaries,

p ,ayt~cularly in the LowerSan Joaqum River.

Action
Reduce the impacts of ~ediment loading, and subsequent turbidity to the ecosystem of the Delta
a~i~ its tributaries and tA urban drinking water sources in the Delta, through source control of
ii~b~n~nd industrial runoff

Methods
¯     Better enforcement of existing source control regulations for construction sites. May include

development of ordinances and other measures.
¯ Education of construction personnel on impacts of construction site discharges.
Performance Measure
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¯ Decreased turbidity levels at Delta water supply intakes.
¯ Increased juvenile anadramous fish production in areas downstream of new developments

on Delta tributaries where anadramous fish are known to spawn.
Indicator of Success
¯ Achievement of a 50 NTU monthly median at drinking water intakes.
¯ Achievement of Basin Plan objectives for turbidity.

Wastewater and Industrial Discharges                L.2~.

Action
Reduce the impact of domestic wastes and hence pathogens to Delta urbqn" drinking wq[er supplies
and recreational water uses, from boat discharges within the Delta and Delta tributaries.

Methods
¯ More extensive enforcement of boat domestic waste discharge regulations.
¯ Extensive boater education campaigns. :~::- :
¯ Installation of more extensive, better, and more economical pumi~_-gu~.stations.
¯ Installation of more public toilet facilities. ,~,,~:,, ::
P rfo M ...... ~ ...... "e rmance easure " ....... ,, ........
¯ Quantifiable records from pumpout fadilities, that~.show~r..eay~ ~d usage by boaters. Usage

should match expected boater domestic wastequ~!ti~:~,)"~
¯ Number of public workshops.,and°other outi:each acti.Vitie~~.
¯ Number of new pumpout an~oilet:., faci!~ities~_:~ installed.:
Indicator of Success                   - -..        .
¯ Reduced bacteriological coUnts in marinas and ,,other recreational areas.
¯ Lower pathogen levels nea,~r water supply "_m,.tal~es.~,:~,~,, . ¯ : ..........~. -~,-~’,:..a..~

Action ......"~"-~ ~ -~" ~:~":-:~" .....~".

Reduce the t0~eim~=~ets of oxy~effd~pleting substances and copper and mercury_ loadings to the
Delta through c0st.e~{dfive sourc-e~dbii.trbl and treatment of industrial and municipal wastewater
discharges,~i3iZi!isd~b~n deol~ir~g substances should be targeted at the Lower San Joaquin
River an~~booer and m~duw !/ladings at the Suisun Bay and Carquinez Straight area.

Methgds
., .....

¯ ~ Increased ~ncent~ves for ~ndustnes to pre-treatment d~scharges contmnmg copper and
:~ mercurv.     . :
;)~!~i~;;?.Incentives for ~unicil~al wastewater effluent reclamation and reuse.
o~.2~5,2~iTi~(thient, Of a portion of upstream municipal wastewater effluent in wetlands.

Performance Measures
¯ Reduction in nutrient loadings from Delta municipal wastewater treatment facilities.
¯ Reduction in copper and mercury loadings from Delta wastewater treatment plants.
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Indicator of Success
¯ Achievement of Basin Plan objectives for dissolved oxygen in the Lower San Joaquin River.
¯ Achievement of applicable Basin Plan objectives or US EPA 304(a) criteria for copper and

mercury in the Delta.

Action
Reduce the toxic impacts of $ele. nium loadings to the Delta through source control ~nd treatment
of industrial discharges. Action should be targeted at industries that discharg~,.~elenium to the
Suisun Bay and Carquinez Straight area.

Method
Additional treatment of oil refine~ disch~ges in ~e western.Delta f6r Sele~u~ removal.

Performance Measure
¯ Reduced selenium loadings to the western Delta ........ - ....

Indicator of Success
Reduced tissue bioaccumulation of selenium i~aquatic org~sms~f the westem Delta.

Action                                     :,
Reduce the toxic effects of selenium..~dadings ~d the Lo~r San Joaquin River and Delta by
con~olling sources of selenium in a~i~ultura()ub-surfa~ drainage.

Methods .~.           - ~ -~
¯    Cfl~g~,:u~e of l~Sx~r?~e ma~or ~0~ees of selemm t~ough vol~ l~do~er

~gt~ ~d by:~o~1~ed ~gements to reduce drainage vol~es.
¯ Re~f~ge floes~U~ ~cre~ed water use emciency.
¯ Treat dr~age’ for, selenium re~q2~l.

Performance Measure :~:~
,~g~duced seleniu~load~gs from the Grassl~d ~ea of the S~ Joaqu~ Nver watershed.

~ Reduced seleni@~concentrations in the S~ Joaquin ~ver ne~ VemNis, where ~e ~ver

~, flows into the ~i~.

Reg~ee ~impacts to Delta urban and a~icultural source waWr quali& t~roug~ source con~ol.̄~~       . ....
and ~ea~ent of a~cultural su~ace and sub-su~ace drainage m Ne San Joaqum R~ver watershed.

Methods
¯     Improved source irrigation water quality in sub-surface drainage areas.
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¯ Concentration and safe disposal of agricultural drainage in evaporation ponds.
¯ Treatment of agricultural drainage by reverse osmosis, constructed wetlands, or by other

means.

¯ Time agricultural drainage discharges to coincide with periods when dilution flow is
sufficient to achieve water quality target ranges for salinity.

Performance Measures
¯     Reduced salinity loads entering the San Joaquin River from adjacent lands.
Indicators of Success                                         ’-
¯     Reduced salinity in the San Joaquin River near Vemalis, wher~th~l~;er flows into the

Delta.                                     .~7~ :

Reduce ~alinitv for agricultural source water in the SouthDelta throzigh ~"~./ i.~.iii~o improved 6tiOqowpatterns
and water circulation in the Delta.                                          ",::

Methods                                             ~, ¯ .-
¯     Construct one or more tide gates, wiers, dams or Sills at the hea~.0f. Old River and possibly

other southern Delta locations to manage drainag~ flows, tidaI currents’and stages in the San
Joaquin and Middle River and interconne@nge~e~ls.

¯ Relocate Delta ~sland drmnage to more effic~e~tlyxoute.sahm.ty to the Bay and ocean.
¯ Provide d~lutxon water for sahnlty.control..(This~Ne~,would be considered as one

possible means of mitigating s~!~ity impae~,ts"~f otl~~ED actions, if such mitigation
were necessary.)                  ~..~

Performance Measures            ":~     ,- .v ;.

¯     Reduced salinity loads entering southern Delta channels.
Indicator of Success    = ~,..     !~) :ii~ ~:.i
¯    Red~t total diss01ved Solids in th~b~~]the=rn reaches of the Old and Middle Rivers.

Action       * ........ ~ .....
Reduce the to~ic.~ffe~ts :ofcarbofuran, "chlorpvrifos, and c~azmon in the Delta and its tributaries
through source control.~f,..agrtcultural surface dramage and Delta ~sland dratnage.

Methdd               ’ ~
.~,,~}~ Incentives and!o/~nforcement of existing regulations.

-~5~..};;~k Incentives fo~_p~sticide users to increase implementation of best management practices
:i~.~!:~including ~te~i’ated pest management and grower education.
Performance-Measures
¯ ~~tmn or tomc~ty in Delta channel waters.
Indifigtor Of Success
¯ Improved survival of test organisms in three-species toxicity bioasssays, and indications

through the toxicity identification evaluation testing that pesticides are not a significant cause
of toxicity in Delta channels.
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¯ Achievement of Basin Plan objectives for carbofuran when they are promulgated.

Action
Reduce the toxic effects of ammonia entering the Delta and its tributaries through source control
of agricultural surface drainage.

Method
¯    Provide incentives for implementation of best management practi~:~t d~e’s, other animal

operations, and fertilized lands in the watersheds that discharge into ~ D~lta, including the
North Bay, and the lower reaches of the Sacramento a~ad~;san Jd~q~vers, and westside
stream tributaries to the Delta.

¯ Reduced toxicity due to ammonia in Delta channels and-lowerreaches ....of~tS’ "~ "".tributary

Indicator of Success
¯ Improved survival of test organisms in three-speeie~i~ b~oasssays, and indications

through the toxicity identification evaluation testing that ~’ o-~a~!s~ ,~,.~ ,.,,: ~ ~=~. -.r~:~,n°t a significant cause

¯ Achievement of US EPA 304(a) guidelines for ammo, nia in theDelta and its tributaries.

Reduce the toxic effects of ammonia en’tering the: Deltaa)idiitg tributaries from waste water
treatment plant discharge through.i~(Dved treatment.

¯ Prowd.e, mcentlves for ~p.roved waste water treatment facilities and processes.

¯ K~duced-tox~c~ty due’to.:ammoma m Delta channels and lower reaches of its tributary

¯ Imprp~d,:s~. of.test orgafiisms in three-species tomcity b~oasssays, and indications
thrbugh the toxacity,~dentaficat~on evaluatton testing that ammoma xs not a sxgmficant cause

in Deltiidhann~ls.

Treatment -~

water quality (including reduction in formation of disinfection by-
treatment to reduce concentrations of total organic carbon, pathogens, turbidity,

and bromides.

Methods
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¯ Incentives for the addition of enhanced coagulation, ozone, granular activated carbon
filtration and/or membrane filtration facilities to the water systems treating water from the
Delta.

Performance Measures
¯     Reliably meet current and future drinking water standards.
Indicator of Success
¯ Absence of waterboume disease outbreaks and quantitative evidence of treatment success

by measures such as bacteria counts, pathogen counts, and measurements.~of, organic carbon,
byproducts, and turbidity.disinfection

Improve total organic carbon, pathogens, turbidity and bromides at domestw water,supply, retakes.

¯ Relocate water supply intakes to areas that are not.inflUen~ed.~ those discharges.

¯ Total organm carbon concentrations 3.0 mg/L (qu..~arterly avera~e)~:~¯
¯ Bromide concentratmns of 50ug/L (quarter.l~average).
¯ Turbidity less than or equal to 50 NTU.(monthly-~~;~.i,~
¯ Total dissolved sohds less than 220 mg/L (10 year~yemg~), :or less than 440 mg/L (monthly

average) .... :
¯     Protozoa (Giardia, Cryptosporidium oocysts) less than 1 oocyst/100 L (annual average)¯
Indicators of Success          ’ :"~" ...... ~        ~
¯     Existing modem, well operated treatn~er~t plants ~can successfully and reliably meet current

and future drinkingowater~tandards ~out.~he need to mgmficantly upgrade facilities.
¯ Absefiee~qf waterbd~e disease outbre’aks~i;.nd quantitative evidence of treatment success

byii~ie.,asur~s.such as bacterm counts, pathogen counts, and measurements of organic carbon,
d~smfe~CttOnbyproducts, and ti~bidtty.

Iden~fy and implement actions to address potential toxicity to water and sediment within the Delta

¯ ~~ondfietmg toxm~ty testing and toxmity ~dentification evaluations and/or other appropriate

¯     Coordinate efforts with monitoring programs being conducted by others..
Performance Measure
¯     Numbers of toxicity bioassays and Toxicity Identification Evaluation test conducted¯
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Indicator of Success
¯     Successful identifications of causal agents of toxicity in the channels of the Delta estuary.

Water Management

Action
Reduce the concentration of salinity entering the Delta and its tributaries during low
flow periods.

¯ Acqumn~fiut~on water ~om wflhng sellers    -- :.>~    ~)~:~
¯ Provision of incentives for more efficient water.m~gement of d~s, ineld~g rese~oir

¯ Urban water conse~ation. Conse~ation might be a~Ne~ed t~ough use of ~centives for
implementation of best management practices~!bym~gppliers ~d water users.
Implementation of ~e action may reduce dem~d for exi~ng ~t~.~d may mac dilution
water available (including tr~sfers), especiNly on the S~ Joaq~~ver

¯ Greater use of reclmmed wastewater (e.g.,reeh~ge gro~dwater, ~eated a~cul~al
drainage, use for agricultural x~igatmn; reeye~mg’,~d ~eat~g’for potable or non-potable
~b~, use of grey water,~d storage for use m me~g ~~g~ds).Recl~atmn pro~s
would foous on faolhtles that o~ently dls,~arge ~[gd w~tewater to salt sNs or
degraded bodies of water that~" not retable.~

¯ E~ced seasonal recharge~ ~2+~’" "7:~:
¯ Development of additionN ~’~o~dwa~.~upplie#’)

¯ Re6u~ed:salinity.loads to ~e Deltai= ’

¯ Red~ed:c~h~entratiofi~ ~’~t~dissolved solids, chloride, ~d bromide in the S~ Joaquin
where the ~ver into the Dell.Nver ne~::VeN~hs< flows
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Section 6

Action Strategies

Action strategies have been developed by the Water Quality Program to address water quality
problems in the Delta and its tributaries. The strategies are recommended actions that either
improve source water quality by reducing loadings from the sources of water q .u~.,..i’t~Problems
(e.g., mine drainage, agricultural drainage, urban and industrial mnoff,~muni’~ipal and
industrial wastewater treatment facilities), upgrade water trea"tment pl~ts;~"~"~hange water
m ag ment practles.                           ..~-"

Action strategies to address water quahty problems ~nclude a combination of researcl~ p~lot
studies and full-scale actions. For some parameters, such as mer~firy, there is litti~~de~’~{ood
about its sources, the bioavailability of the various sources, and.the !oad reductions needed to
reduce fish tissue concentrations to levels acceptable for humeri ~0nsumption. For this parameter
further study Is recommended before full-scale acttons are taken. For other parameters, such as
selenium, sources are better documented, and source control or treatment’~ictions can be taken
with a reasonable expectation of positive envlrorLrnental results.

Performance targets have been estabhshed-to measureth~ effectiy,.egess of actmns in improving
water quality. Performance targets may:be quantifiable rCdtigti6n~:in loadings of parameters. For
example, the target for copper in theSac~amento .~ver is t0)~’~;ee copper loadings in the Upper
Sacramento River from 65,000 poun0 - o 10,000 pounds.p¢~- year. For actions that recommend
further study of a parameter the performance target m..ay:.b~ a focussed outcome. For example, an
action for mercury is further re,search to better unders..ta~d the sources and mechanisms of
mercury acp,~.u~.~.~latmn in the Delta. The performance target is a targeted actmn plan that specifies
selectmn~’~tt prioritizatmn of the most effect~i~e mercury remedlation actions.

Indicators of success are generally numerical or narrattve water ouahtv targets have been
developed for~ea’~amete~r of concern. These targets relate to acceptable in-stream
concentrataOns of parar~.~.~er~.They will be used to gauge actmn and alternative effectiveness at
protec.~t~"~Neneficial u~~:£t’s’are based on Water Quality Control Plans (Basin Plans) of the
Bay~ and Central V~i~;-R~gional Water Quality Control Boards or U.S. Environmental
Pro~ctmn Agency ambient water quahty objectives, standard agricultural water quahty
o.bjectives, and target~dfi~’ce drinking water quality ranges as defined by technical experts.

~.~.~rogr~atic actions may vary in cost, technical feasibility, and other respects that
. ......a&ff  £ .e: inal choices for  mplementatlon of actions. Actions therefore be subjected

to ~’~iNlity analysis to determine which programmatic action are most appropriate to be
carried forward toward implementation. This work has begun and will continue into Phase III of
the CALFED Program. Full feasibility analysis in conjunction with project-specific
environmental documentation will be performed in Phase III.
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Summary of Action Strategies

Following is a summary by geographic region of some of the major strategies that m~ake up the
CALFED Water Quality Program.

Delta
Actions strategies to address water quality problems in the Del~a addr£~s ;�~ and industrial
runoff, municipal and industrial wastewater, agricultural drainage, andSO~¢e con~ol and _

......treatment. Following ¢s a description of the mare action strategies for each of these sources.

Mine drainage actions will reduce mercury_ loadings to thelDei’~from                        abandoned      ~:~’~d:inactive
mines¯ These actions include source control and treatment measures. Actions for mercury occur
throughout the basin and are primarily being addressed thr~u~h~:,~.~’~s~y--~ ~.~mT~vcide research-program
that will attempt to identify bioavailable forms of mercgry, sour°~’~-.s,~[~ bioavailable forms and
an action plan to reduce the loadings of these formsi~Pfl0t scale actions a~e~ecommended for
mines that drain mercury to Cache Creek and ~e,.Yolo Bypass.

Urban and industrial runoff actions will.h,elp    to reduce toxiei~"frorffthe pesticides chlomvrifos
and diazinon, c__qp_p_~, and oxygen depletion in th~Delta, an~to~r~duce pathogens. Actions
include both source control and treatriaent measures.

Municipal and industrial disch, arge actions willhe!p to r~duce ~atho~ens and oxygen deNetion.
These actions:include source control and treatment measures including ~mproved management
of boat disch .arges and additional so,urce controI’or treatment at wastewater treatment plants.

Agricultural drairiag~actions will reducCtoxicity from the pesticide carbofuran, chlorpynf0s, and
d~azanon ~n th~.~[.t,~2~t!ons are prim.drily source control measures such as best management

Actions~to improve the q~ali~tylof drinking water sources include relocation of water supply
, ~ .....

mta~s to avoid areas of~gh sahmtv, total o.rgamc carbon, and turbidity.

s to improve ~ng water quality include upgrades to treatment processes to improve
.     -, ~� .....

d~s~’~_..de_t.mn w~.!~,~_~educ~ng production of unwanted d~s~nfecUon byproducts.

Acti~t~,2addtess unknown toxicity focus on development of a comprehensive momtormg,
assessment, and research program to identify toxicities, the sources of these toxicities, and action
plans to address unknown toxicity in the Delta and its tributaries.
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Sacramento Basin

Action strategies in the Sacramento Basin predominantly include mine drainage actions with
some agricultural drainage and urban and industrial runoff aetions. Following is a description
of the main action strategies for each of these sources.

Mine drainage actions will reduce mercury_, cadmium, ~, and zinc loadings tome
Sacramento River and its tributaries from abandoned and inactive mines:=)These g~tions include
point source and non-point source measures. Actions for cadmium.., ~an, d zinc are
focussed at mine sites that drain into the upper Sacramento River. ctions~formercurv occur
throughout the basin and are primarily being addressed through a system-wide research-program
to identify bioavailable forms of mercury, sources of the bioavailable forms~d ~a a~ plaia:to
reduce the loadings of these forms. " "

Urban and industrial runoff actions will reduce toxicity of the pe~cide chlorpyfifos and diazin0n
in the Sacramento River and its tributaries from urban areas. These actions will include
implementation of pesticide usage BMPs in urban areas.

Agricultural drainage actions will reduce toxicity, frgm the pe,.sticides e~ ~bofuran, chlorpyrifos,
and diazinon in the Sacramento River and its tributaries from agfi’cultui-al areas. Actions are
primarily source control measures such as best managementp~e~tie.es (BMPs), especially from
farm areas that drain to the Feather River,:Colusa Basin D~d’mainstem Sacramento River.

Actions to address unknown toxicitV,~fc~cus on development of a comprehensive monitoring,
assessment and research program to identify toxicities, the sources of these toxicities, and action
plans to address unknown tq_xicitY in the Sacramento.River and its tributaries.

San Joa~l~i~Basin ¯ :i ~ .

Action strategies in the San JoaqUinB~sjn predominantly include agricultural drainage actions
with limited mine,-’clr~inage~actions. Following is a description of the mare action strategtes for
each of th~se sources.~;~2:;:c~< ....

Subsurface agricultural drmnage d~scharged to the San Joaqmn River from the Grasslands area
ar~,ip-}rhaps~~ the most            sig~ifficant         cause     of water quality problems, specifically selenium and
Saliiiity. (TDS. chloride; bromide), in the River. CALFED agricultural drainage actions include
~a~ge reduction aiadreuse, timed drainage release, drainage treatment to reduce trace elements
~t~’r__~eontammants, salt separatron and utfl~zatton and land use changes to reduce drainage
~t~ti~:i2ioNm-icultural drainage actions will reduce toxicity from the pesticides chlomvnfos and
~ ~n the San Joaqum River and ~ts mbutanes from agrtculmral areas. Actions are
primarily source control measures such as best management practices (BMPs) particularly in
farm areas that drain to Mud and Salt sloughs, and the San Joaquin River.
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Actions to address mine drainage associated with loadings of cadmium and zinc to the San
Joaquin Basin (specifically the Mokelumne River) have been undertaken as part of the Penn
Mine Remediation Plan. However, mercury, loadings continue to be a problem in the basin.
Actions for mercury, occur throughout the basin and are primarily being addressed through a
system-wide research-program that will attempt to identify bioavailable forms of mercury,
sources of the bioavailable forms and an action plan to reduce the loadings of these forms.

Actions to address unknown toxicity focus on development of a comprehen~,sive-_m~nitoring,
assessment and research program to identify toxicities, the sources of thesb~toxi~ities, and action
plans to address unknown toxicity in the San Joaquin River and>its tributaries.

~.,.~&..."

Mine Drainage ,:    ~::i:

Action                                                    ::
Reduce toxic effects of cadmium, copper, and zinc loadings tp the~.e!ta,and its tributaries by source
control or treatment of mine drainage at inactive and abandoned mine sites. Action targeted at the
Upper Sacramento River and tributaries to the Upper Sacramento River thdt are major contributors
of copper, cadmium and zinc loadings.

Methods                               "
¯     Source control methods include c.apping ta!hngs p~e~mov~ng tailings piles, diverting

water courses from metal sources, sealingmines, remowng contaminated sediments, and
similar measures to prevent ~,etals from’leaching 9i draining into water bodies.

¯ Treatment methods involve collectingiand trea~tffg mine drainage to remove metals and
neutralize acidity. , i::

Performance measure _ ; . :\ i~:~i~<2:~.g,:
~ :.*~:~,~,~. ~’;:,-,..~,. ,.. ,~o~ ~27:~.~0v"

¯ ReOg£~~ in annual, copper loadings (during an average water year) to the Upper Sacramento
R~,&~;~~pgroxi~na~ily]~~900 pounds to 10,000 pounds.

Indicator of success. :,,
Achievement ofB~i~{’Pl~ o~bjecti;~}’~:~admium, copper and zinc in the Sacramento River above

Red~e toxic effects of Mgrc~’~. loadings to the Delta and its tributaries by source control and/or
of mine drainpipe at inactive and abandoned mine sites.

of a system-wide research program to identify bioavailable forms of mercury,
of the bioavailable forms and an action plan to reduce Ioadings of these forms to the

Delta and its tributaries.
¯ Development of pilot scale projects to determine feasibility of mercury contaminanted

sediment cleanup. Recommend action be targeted at the Cache Creek and its tributary
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watersheds.
¯ Treatment of mercury contaminated mine drainage. Recommend action be targeted at the

Cache Creek Watershed and Mt. Diablo mine areas.
Performance measures
¯     Improved understanding of sources and mechanisms of mercury bioaccumulation in the

Delta.
¯ Improved understanding of the cost!benefit associated with remediatior~of mercury

contaminated sediment.                                  ~"
¯     A targeted action plan that specifies selection and prioritization’~0f’aefions to remediate

mercury loadings to the Delta and its tributaries.
¯ Reduction in mercury loadings to Cache Creek.
Indicators of success
¯ Achievement of US EPA 304(a) guideline for mercury in the Delta and its tribu ,tarie~.
¯ Removal of fish health advisories. ......

Urban and Industrial Runoff

Action ;~4/"..
Reduce toxic effects of copper, zinc and cadmium the Delta ana its tributaries from
urban and industrial runoff            . ;

Methods
¯ Enforcement of existing source Control regulations.
¯ Provision of incentives for~additional source control of urban and industrial runoff,

particularly those areas thathave runoffassocia~ with vehicle usage.
Performanc~              " .......... ~’ ~ ’ "~"measure ..... ~’~ .......
¯     Im~~nderstand~ng of.the sources and mechamsms for b~oaccumulat~on of cadmium,

copper,°and zinc in the
¯ Reductipn ~’~opper load~ngs.~t s~lected stormwater momtonng stations.
Indtcator of su~ess~%:¢:
¯     For~copper and zinc;achievement of Basra Plan objectxves m the Delta andSacramento River

ani:l ~ts tnbutanes~US EPA 304(a) gmdehnes ~n the San Joaqum River and ~ts tributaries
¯ g~;For cadmium achievement of Basin Plan objectives in the Sacramento River and its

,~:~ tributaries and w~t’~’;~mtioch Bridge in the Delta, US EPA 304(a) guidelines in the San
~;:~ .........

~fi~ Joaquln River and ~ts tributaries and east of Anhoch Bridge xn the Delta.

~e~°~. ~y~;~ the pesticides chlorpvrifos and diazinon in the Delta and its tributaries through
soki:~ntrol of urSan and industrial runoff.

Methods
¯     Enforcement of existing source control regulations
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¯ Provision of source control incentives, such as additional education for homeowners on
pesticide usage and incentives for pesticide users to increase implementation of best
management practices including integrated pest management.

Performance measure
¯     Improved understanding of the toxicity and sources and mechanisms of chlorpyrifos and

diazinon transport into the Delta.
¯ Reduced toxicity at selected stormwater monitoring locations measured,~by improved

survivability from a three-species test.
Indicator of success .....
¯     Reduced toxicity from chlorpyrifos and diazinon in the Delta and it~~butaries.

Action
Reduce the toxic effects of nutrient loadings and consequently, oxygen depletion in the Delta and
its tributaries through source control of urban and industrial runoff.

Methods
¯     Enforcement of existing source control regulations including implementation of best

managemen ractices.
¯ Provision of incentives for additional source control includingbest management practices

and better planning of new developments (e.g., design of~t6~ drainage systems that target
maximum infiltration of stormwater into the ground,oi~V~n-site or regional stormwater
sedimentation facilities that d~n the m~aj ority. ~ ,o of,~,.stormwater for at least 8 hours,etc.) and
public education.       ~= :~ "     ~

Performance Measure ...... :, .~,
¯ Improyed understanding of the sources and mechanisms for nutrient transport in the Delta.
¯ Nq,meagurable impacts to fish from low dissolved oxygen levels in the Lower San Joaquin

River: :[~ , ......

Indicator of Success : ~..       , ,,-,
¯     Achievement ~fBa~in Plan objectives for dissolved oxygen in the Delta and its tributaries,

p__,a~’hcularly ~n the.~q~er,San Joaqmn River.

Re~ce the impacts of ,6~diment loading, and subsequent turbidi~, to the ecosystem of the Delta
ah~,~t.s tributaries and to urban drinking water sources in the Delta, through source control of
~d~t~and industrial runoff

Methods: ~ ~"
¯ .... Better enforcement of emst~ng source control regulations for construction sites. May include

development of ordinances and other measures.
¯ Education of construction personnel on impacts of construction site discharges.
Performance Measure
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¯ Decreased turbidity levels at Delta water supply intakes.
¯ Increased juvenile anadramous fish production in areas downstream of new developments

on Delta tributaries where anadramous fish are known to spawn.
Indicator of Success
¯ Achievement of a 50 NTU monthly median at drinking water intakes.
¯ Achievement of Basin Plan objectives for turbidity.

Wa stewate          r and I       n dust     ri a I Discha          r ges"

Action . ~ ~’~" ~-¢’~4~3~
Reduce the impact of domestic wastes and hence pathogens t~ Delta urbiin ~r(nkin.g~ water suppli~’s
and recreational water uses, from boat discharges within ~he Delta and Delta~tributdiies.

~t- ~°*,~.~ ~

Methods                                             ’: ~
¯ More extensive enforcement of boat domestic waste discharge regulations.
¯ Extensive boater education campaigns. ’:"
¯ Installatmn of more extenmve, better, and more ~conommal pump0ut stations.
¯ Installatmn of more pubhc toilet facfittms. ~ ~:.;~2_-~o,
Performance Measure : -;~’-~:,-~,t~N
¯     Quantifiable records from pumpoutfa’dilities that ~ho~..~Nr.~e~ ed usage by boaters. Usage

should match expected tgoater domeshc waste quant~tms:;z,~
¯ Number of public workshops and’other outreach activitm~.
¯ Number of new pumpout and.t,o.ilet faqjgties installpa.
Indicator of Success ~ ~’-y " ::?~
¯ Reduced bacteriological cofints in ~flas anglO’her recreational areas.
¯ Lowerpathogen level~’near water s~up~i~ intal~s.

Metlii~ds             ] ""
¯ ~ Incre~ed incep~i~es for industries to pre-treatment disch~ges con~i~ng copper ~d

~z v u~~centi es:for m nicipal wastewater effluent recl~ation ~d reuse.
~~gnt,,f a pomon of upstre~ mumclpal wastewater emuent mwetl=ds.

Performance Measures
¯ Reduction in nutrient loadings from Delta municipal w~tewater ~ea~ent Ncilities.
¯ Reduction in copper ~d merc~ loadings ~om Delta wastewater ~ea~ent pl~ts.
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Indicator of Success
¯ Achievement of Basin Plan objectives for dissolved oxygen in the Lower San Joaquin River.
° Achievement of applicable Basin Plan objectives or US EPA 304(a) criteria for copper and

mercury in the Delta.

Action
Reduce the toxic impacts of selenium loadings to the Delta through source control imd treatment

discharg~ Selenium to theof industrial discharges. Action should be targeted at industries that ~.
Suisun Bay and Carquinez Straight area.

Method
Additional treatment of oil refine~ discharges in ~e western Delta for sel~m rem~l.

Pe~ormance Measure~:~ ~-t-. .     ~.:~
Reduced selenium loadings to the western Delta =~.)=.~

Indicator of Success ..... "=::~’~
Reduced tissue bioaccumulation of selenium iP aquatic d~~£p,~the western Delta.

ricultural Drainage .: .....
:~?;~:)2~::..:~..;~,~,

Action                              ~        _:,      ~
Reduce the toxic ef~cts of selenium Z~adings ~td the Lo~;~S;n Joaquin River and Delta by
con~olling sources of selenium in a~icuItural.sub-surface drainage.

Methods ~%         ~. ...........
Ch~ff~use of i~ ~at.~e major so~ces of sele~ t~ough vol~t~ l~do~er
p~c!Patmn ~d by �ompensated ~gements to reduce drainage volumes.

. water use
Treat

Pe~ormanee Measur~’~ "?~.
~duced seleniumload~gs from the Grassl~d ~ea of~e S~ Joaquin ~ver watershed.

-.~,~ Reduced seleni~:concentrations in the ~ Jo~quin ~wr ne~ Vemalis, where ~e ~ver

Rd~nc~ ~;~;h~acts to ~elta urban and a~icultural source water quali~ through source con~o~
a~b~:~h~ of ~wt~m s~f~ ~a ,~-s~rf~ arai~g~ ~ th~ S~ ~o~q~in ~iwr ~at~r~a.

Methods
¯     Improved source irrigation water quality in sub-surface drainage areas.
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¯ Concentration and safe disposal of agricultural drainage in evaporation ponds.
¯ Treatment of agricultural drainage by reverse osmosis, constructed wetlands, or by other

means.
¯ Time agricultural drainage discharges to coincide with periods when dilution flow is

sufficient to achieve water quality target ranges for salinity.
Performance Measures
¯     Reduced salinity loads entering the San Joaquin River from adjacent lands.
Indicators of Success~-2~:~.~ ~
¯     Reduced salinity in the San Joaquin River near Verna,lis,              flows into the

Delta.                                 ¯

Action                                                ~ ~-
Reduce salini.ty for agricultural source water in the South De!ta~ough "
and water circulation in the Delta.                  " ’; ~;""

¯ Construct one or more tide gates, wiers, dams or ~ills at the head 6f-Old River and possibly
other southern Delta locations to manage drainageflows, tidai’~.~and stages in the San
Joaqmn and M,ddle River and mterconnectmg )~els.

. . .,~¯ Relocate Delta ~sland drainage to more effic~ent!3~3.o_ut~ sahm~ to the Bay and ocean.
¯ Prowde dfluhon water for sahmty: controb. (This .measure would be considered as one

possible means of m~t~gat~ng salinity impacts of oth~@ED actions, if such mitigation
were necessary.)         , ~2~’.-:;’     ~/~"      ~-~

Performance Measures       "\~’~    .-’.:~:f       "-~/
¯     Reduced salinity loads entering southern Deltachannels.
Indicator of Success : ~%~., ~-
¯ Re  7 :total dissot  d"s01ids in reaches of the Old and  4iddle Rivers.

Reduce the to~:td7~ff.e~c~f ¢arbofuran,~ chlorpvrifos, and diaztnon tn the Delta and tts trtbutartes
through source contro[~f ggrtcult.,ural surface dramage and Delta island drainage.

¯ ~ Incentives and/oii~nforcement of existing regulatmns.
o~ Incentwes fo~pest~mde users to increase ~mplementatmn of best management practices
:~_~Sncludin~ integrated ~est management and grower education.

~ti& of toxicity in Delta charnel waters.
Indi~fi ot~of Success
¯     Improved survival of test organisms in three-species toxicity bioasssays, and indications

through the toxicity identification evaluation testing that pesticides are not a significant cause
of toxicity in Delta channels.
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¯ Achievement of Basin Plan objectives for carbofuran when they are promulgated.

Action
Reduce the toxic effects of ammonia entering the Delta and its tributaries through source control
of agricultural surface drainage.

Method
¯     Provide incentives for implementation of best management practices:~t d~ds, other animal

operations, and fertilized lands in the watersheds that ~s.charge intp.~,~~ ~elta, including the
North Bay, and the lower reaches of the Sacramento and.San. Joaqu~Riy~ys, and westside
stream tributaries to the Delta.

Performance Measures
¯     Reduced toxicity due to ammonia in Delta channels and Iower reaches, ofdtS-~ib’utary

streams.
Indicator of Success                               ’
¯     Improved survival of test organisms in tbxee-spegms to.xtgLkty:, b~oasssays, and indications

through the toxicity identification evaluation testing that ~6~a~is,not a significant cause
of toxicity in Delta channels.         . ..: "~,/)",~,,,~,

¯ Achievement of US EPA 304(a) guidelines for ammoNa in thd Delta and its tributaries.

Action ......
Reduce the toxic effects of ammonia.:e:ntering .t.~e Delta and2it~ tributaries from waste water
treatment plant discharge through .i~pt~sved treatment.

¯     Provide. incentives for i~p.roved wastewat6f treatment facilities and processes.
Performance Measure ~ ..... ::~;i~2 ::’~,
¯ R~du~d.:to~icity due:to~2nia in Delta channels and lower reaches of its tributary

¯ Imp.roved:smL-v~ ~£v~al pf, test orgamsms ~n three-species toxmlty bmasssays, and ~ndmatlons
N u°gh the toxi i ;! ,  _ti cation evaluation testing that ammon, a ,s not a sxgmr, cant cause

in Deltachaim~ls.

Treatment

water quality (including reduction in formation of disinfection by-
p~S~.(hrO~h treatment to reduce concentrations of total organic carbon, pathogens, turbidity,
and bromides.

Methods
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¯ Incentives for the addition of enhanced coagulation, ozone, granular activated carbon
filtration and/or membrane filtration facilities to the water systems treating water from the
Delta.

Performance Measures
¯     Reliably meet current and future drinking water standards.
Indicator of Success
¯     Absence of waterbourne disease outbreaks and quantitative evidence of treatment success

by measures such as bacteria counts, pathogen counts, and measurements 9f-orgamc carbon,
disinfection byproducts, and turbidity.

Improve total organic carbon, pathogens, turbidity and bromides at domestic w~ ~upp.ly. intakes.

Method
¯     Relocate water supply intakes to areas that are notinflueneed by those discharges.
Performance Targets
¯ Total organic carbon concentrations 3.0 mg/!j~¯ (~q...u~-t. erly ave~)
¯ Bromide concentrations of 50ug/L (quarter!y, averajge).
¯ Turbidity less than or equal to 50 NT.UI
¯ Total dissolved solids less than 220 m~g/L (10 " mg/L (monthly

average.                         ~.~÷.
¯     Protozoa (Giardia, CryptospoO~ium oogysts) less than 1 oocyst/100 L (annual average).
Indicators of Success          ~"~_ ~,-             ~=~-~
¯ Existing modern, well operated treatmen_t successfully and reliably meet current

and future dnnkmg.water standards wathout the need to mgmficanfly upgrade facfimes.
¯ Absence:of waterboume d~sease outbreaksand quant~tahve evtdence of treatment success

bymeasures such as bacteria c9,~unts, pathogen counts, and measurements of organic carbon,
disinfe~tion.b~,pro ducts, andtiirbidity.

Ide~ and implement actions to address potential toxicity to water and sediment within the Delta
~a~s "      "tributaries.

~<d~ctmg toxicity testing and toxicity identification evaluations and!or other appropriate

¯     Coordinate efforts with monitoring programs being conducted by others..
Performance Measure
¯ Numbers of toxicity bioassays and Toxicity Identification Evaluation test conducted.
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Indicator of Success
*     Successful identifications of causal agents of toxicity in the channels of the Delta estuary.

Water Management

Action
Reduce the concentration of salinity entering the Delta and its trioutarie~ cturing low

flow periOds .........

Acquiring dilution water from ~lling sellers. "
~,~ff~::, -.~ .¯ Provision of incentives for more efficient water m~agem~ of d~s, mdu~g rese~mr

re-orera~.on,n tl
¯ Urban water conse~ation. Conse~ation might ~abN~,t~ough use of ~centives for

implementation of best management practices2>by m~:s.uppliers ~d water users.
Implementation of ~e action may reduce dem~d for eM~g__ _ ~.~. Water :~d may mae dilution
water available (including tr~sfers), especimly on the S~ Joaqu~’~ver

¯ Greater use of reclaimed wastewater-(e.g.,rech~ge groun~d~¢~i, ~eated aNcult~al
drainage, use for agicultural i~igatio~,"~@df~’~ treatinff~r potable or non-potable
~b~, use of ~ey water,~d storag~£or use m mee~g~ ~_~ ~~.~g~ds)’Recl~atmn pro~s
would focus on facilities that c~ently disc~ge tieated-~astewater to salt si~s or o~er
degraded bodies of water that are not re~able.

¯     E~ced seasonal rech~ge. <     .:?~
Development of additional gro~dwate~.supplies:

">"5~:’~’~- -- .¯ Redu~e~,saltmtydoads to the Delta.’::~Z>
Indicator of S~ecess .... ~;. 2,~
¯ Redrd~-eoncen~ations’ofto~ dissolved solids, chloride, ~d bromide in ~e S~ Joaqu~

tal , where ~e:~ver flows into the Delta.
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