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Summary
Most Californians get their drinking water supplies from the Sacramento-San Joaquin Delta.
The choice of a Delta alternative has important implications for the drinking water supply to
these citizens. Water taken, from the Delta is treated to destroy disease causing organisms, the
agents in drinldng water presenting the greatest health threat to people, While drinking water
produced from the Delta supply is generally safe to drink, it is also true that treatment is not an
absolute guarantee that all organisms having the potential to cause disease are destroyed. For
this reason, it is important to establish an additional barrier to disease by protecting drinking
water sources.from contamination. In its current.configuration, the Delta is a relatively
unprotected dfinkin." ~g Water source.:

The desire to increase flae safety of ~g.water has.resulted:in federal and state legislation
requiring higher tmatmenf effigiency,,’meiu .,~gmore figor0us~sinfeetion.. An unfortunate side...
effect of disinfection is formation of unwanted chemical bypr0du.cts,, some of which are
.suspected to cause, ean~er over a lifetime of wate~:~onsumpfion.. More dgorousdisinfeefi0n has
the tendency to increase fomaafion of these unwanted byproducts: .The challehge; therefore; is to
produce a highly disinfected drinking.water while minimizing unwanted byproducts.

Two features of Delta Waterquah’ty complicate,attainm, ent.: 0f.~he optimum.balance of strong-.
" disinfection and byproduct suppression.. ~ Brohaide, a salf.of sea water, origin,..iS present in. Delta

water supplies as:~ re.suit .of in.trusion .’.into th~ Deltaof sea water... The soils: of Delta islands are.
. ,im~...p.brt.~an.t.sourc~..O;.~rganic~b.on restt]..tin~=f~om natural d.e.compositio~i~ofPiant material~:..

,Together, ~br0mid..~ and organic carbon react with disinfectant chemicals ~to..produc.e a broader ....
range and higher.e’0n~entrafior~s of.chemical disinfection byproducts than.is true for drinking
water sources 10~ver in these two constituents. As a result, municipalities using Delta waters are
at a relative disadvantage with respect to the cost and complexity of producing safe drinking
water.

Altemative 1 would not significantly improve source water protection, nor significantly decrease
bromide concentrations in drinking water supplies taken from.the Delta. Alternative 2 would
provide modestly increased protection of the sppply while reducing bromide concentrations of
drinking water supplies on the order of 40% for Contra Costa Water District and about 25% for
South Delta (SWP & CVP) exports. Organic carbon concentrations for Alternatives 1 and 2.
might be reduced as a result of planned source control activities, although the feasibility of this
has not beenestablished. Alternative 3 would effectively protect the drinldng water supply from
adverse Delta influences. This alternative would also reduce bromide concentrations about 6-
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fold, as compared to the predicted future condition if no alternative is implemented. Altemafive
3 is expected to effectively reduce the influence of organic carbon generatedin the Delta.

The need to provide the greatest feasible protection of Delta drinking water supplies and the need
to provide high level disinfection while suppressing formation of harmfifl byproducts are issues
that must be among the important considerations leading to selection of a Delta solution.

Populations Receiving Drinking Water From the Delta
. The majority of Californians. (well over 20 million) drink water that comes from the Sacramento-
San Joaquin Delta. The. State Water Project serves most of the people in Southern California
South of the Tehachapi Mountains. In addition, municipalities in Solano, Napa, Santa Clara,
and Fresno Counties are served by the SWP, while drinking water customers in Contra Costa
County are served from the federal Central Valley Project. These service areas are depicted on
Figure 1. The selection of a Draft Preferred Alterative has important implications for drinking
water uses, and is the subject of this paper.

Water Treatment - "
Waterborne diseasessuch as cholera have caused.the.deaths:of untold numbers :ofhuman beings,:
and continue to.do,so in many.parts of the world. ,~At.about the tum~ofthe.centur3~it was
’ discoveredthat addition.:of chlorine to.drinking water is,effective in destroying disease .causing
’ organisms, and it.has been.used ve.ry: effectively :in this. counh-y since then~ :, Disinfection of
drinking water by Chlorine hassaved countess:lives; and continues.to protect peopletoday...

The most important objective of treating drinking water is t0.render it free of infective agents~
such as bacteria,.protozoa.and viruses... Source~waters taken from.the Delta.are subjectedto . ~ -
treatment which basically:includes removal-,o£parficdate,matter~ ,along-:.with~disinfeefion~...The.:

ly link .~ patti-processes are close ~. ed because    cleremoval,gre increases~the~eff~efivenessof

ehemicals-with.the.source.:water;..which eanses theparficulates~to aggregate and, to:settle ’out,.:
settledwater;is then filtered,.usually :thtough:beds~of special: sandmixtures:.,~At one. or.:more
¯ points in the process, disinfectant chemicals are applied,- Water that flows from the treatment
facility into the pipes that distribute the water to homes and businesses contains a sufficient
disinfectant residual to prevent growth of harmful bacteria or other organisms in the distribution.
system, up to the taps of customers.

Application of these processes to treat waters from the Sacramento-San Joaquin Delta has
resulted in good quality drinking water that generally meets all cttrrenfly applicable drinking
water standards. The safety of citizens consuming waters of Delta origin.is the constant concern
of the staff of the Department of Health Services, the agency having regulatory responsibility for
California drinking water municipalities treating and serving the water. Safe drinking water is
also the primary concern of the scientists, engineers and technicians of the water purveying
entities who vigilantly manage these systems.
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Source Water Protection

A basic principle of producing safe, palatable, and affordable drinking water is to take water
from the best reasonably available source. The reason source water protection is important in
drinking water production is that treatment by itself does not always guarantee safe drinking.
water. When treatment processes are functioning normally, they remove ahighpereentage of the
particulate matter in the water, including a high proportion of the pathogenic organisms that may
have been present in the source water. Subsequent disinfection ensures an additional high
percentage removal Or inactivation of most disease causing organisms. As gn additional benefit,
the coagulation/sedimentation/filtration processes remove significant percentages of dissolved
materials present in the water, including metals, synthetic organic substances (Such as some-
pesticides), and organic carbon. However, treatment processes can fail and even when

¯ .functioning normally cannot guarantee that all undesirable constituents are removed. In.addition,
efforts to remove pathogens can leave undesirable chemical residues in the treated ware}.
Preventing pollution by. source control provides an important additional barrier to Waierborne

. ,.disease,. and is increasingly~seen-.as, a:necessary,:component~o~ a~comprehensiYe~,:.systen~-to.:defiver:~:.~.~.

The key to predicting theeffectiven~ss of treatment is to accurately.predicthow:much of an.-
undesirable substance or organism may be present ¯in thesource.water, assesso.what:.percentage -:
removal (or pathogen inactivation) is provided by the treatment.proeess~ then determine whether.
any ~emaining concentration, of.. a chemical.ornumber.of live organisms wil!consistently meet
the standards for safe drinking water.. Lengthy experience has enabled.accurate prediction, ol~the:.
beneficial effects of treatment.- For. example,:.a certain combination of. p .artieulate..removal and- -
disinfection processes will result in.a 99.99 percent.removal or inactivation.of¯pathogens, when
processesare operating.properly. .The biguncertainty~lies:in:predicting.theconcentration.of "-’,

:,.~. ,.... ".pathogens. in the source, water,:beeause it:is,,possible,for-the:number of pathogenic.organism!!in: -
- .......,... , .:. : the source ~water to be:~(sufficientlylarge that~even~high,percentage-removalsin thetreatment,~:.~.:~.,~
¯-.: .:.~. ,.. ~:. processstill leaves;enough s .urciving:pathogens,to:make-people. sick.:-, .The less souree.water:s.are;"~:-

: protected the greater the uncertalnty.,in~predictlng, source:water.concentrationsof.pathogensand’,- ::
’.other agents and,. thus~ thelowe~ thebarrier.to~waterbome disease.

In recent yearS, citizens of Milwaukee’ and Las Vegas experienced illness and deaths due to the
presence of the protozoan pathogen Cryptosporidiumparvum in their drinking water. In both
cases it is believed the treatment processes were functioning normally, but that the processes
were overwhelmed by very large Cryptosporidium eoncenixations in their source waters. This
experience is being taken sedonsly bythe drinking water regulators and industry bee.ause there is
no effective treatment for cryptosporidiosis. After protracted illness lasting.up to weeks,
normally healthy persons usually recover spontaneously. However, the disease can be deadly to
persons having weak immune systems, such as AIDS, cancer, and transplant patients.
Cryptosporidium is particularly dangerous as compared to other pathogenic, organisms because it
Uses a protective cyst to resist chemical destruction; and, other disease causing organisms such as
Giardia lamblia have similar capabilities. The ability of some organisms to effectively resist
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destruction by disinfectants places greater dependence on minimizing source water
concentrations ofpathogeus, and on highly effective filtration.

The discovery of organisms such as Cryptosporidium that are highly resistant to disinfection has
stimulated the U.S. Environmental protection Agency to establish the Surface Water Treatment
Rule that requires more rigorous disinfection than was previously’required. An Enhanced
Surface Water Treatment Rule is also anticipated~ which is intended to further improve overall
quality of disinfection in the natious’s drinking waters. As we shall see, these new rules have
great significance for Delta water supplies, and important implications for selection of aDella
Alternative.

In additionto the benefits of providing predictable pathogen and pollutant concentrations in
source waters, protected sources of drinking water are also desirable as insurance against process
failure. Fillers do not always operate at optimum efficiency, and sometimes they fail.
Disinfectant doses can be in error due to mechanical malfunction. Even though modern, well
equipped, and well operated plantslhave ~redundant-:features~and:.instrum.ents to. help ensure~::.. " ..:~
against process, failure, a treatment.facility,can~ be~.thought~ of as handling.the flow of a. smdil.-.
river; not all treated gallons~can.be:equal,.withrespect to treatment, quality: ThisiS especially.the-.:.
case wtien source water:quality is highly:~cariable.: I-Iigh variability, of..water4urbidity, for,..- ..
example,.necessitates changes:in.the treatment process, During .tran.sitionalperiods,.untit ..: ¯ ’
treatment processes, eanbe "tu~ed, to reflect changes-.in source water quality, there is. a higher¯ ~¯

probability ofproducinglesser’quality drinldng water. ., ¯

..Hundreds of thousands of synthetic organic-chemicals are¯used in California. Many:of these can.:
find their Way ¯to the .Delta through various.forms ofdischarges including .accidental. or . ~
intentionalspills...While treatment can effectively, remove:.many of thesecompounds;it is also,. ....
known .that some are not.effecfivelyremo,ved by.typical, treatment, processes: .-.This presentsa~,’ ,
.degree ofrisk~that~:though not quantified, is::generally small,~..Testing:by~"ageneies:.treating Delta..
waters:have rarely detected chemical pollutants in treateddrinking water; excepting, compounds¯ ¯
that’are.a result oflthe:treatment process:itsel£ (Disinfection byproducts are~diseussedlater in ~
thispaper.) Small. risk or:not, it Would be desirable to reducethe exposure of Delta drinking ....
water supplies to chemical pollution.

To ensure against treatment processes being overwhelmed bY unpredictable high concentrations
of harmful agents in the source water; to ensure agaiusttreatment process failure; to provide for a
more uniform source water quality; and, to avoid the risk of harmful chemical residues surviving
the treatment process, water purveyors understandably prefer maximum protection o.ftheir
source water supplies. The ideal formula is for a drinking water agency to acquire a mountain
source of water supply, and to gain control over the entire watershed so that any land use within
the watershed is compatible with maintaining the quality of the water suppiy. This formula is.
followed by municipalities in Califomia and throughout the nation, and has proven successful.
Examples include Seattle, Portland, Anchorage, Boston, and San Francisco. ~
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As precipitation from upstream watersheds moves through slream channels toward the Bay-Delta
and ocean, it naturally picks up minerals, especially salt, from the watershed. In addition, source
waters are affected by waste discharges resulting from animal and human activity. Included in-
such discharges can be salts, sediments, petroleum, pesticides, household and industria!.
chemicals, heavy metals, drug residues, animal manure, human organic waste and especially
pathogens (bacteria, ~iiruses, protozoa) that come from storm water rtmoff, and from agricultural,
municipal and industrial discharges, from boats and other recreational uses of Delta waters, and
from atmospheric deposition. Also, in the Sacramento-San Joaquin Delta, bromides, (salts of sea.
water origin) are present as a result0f sea water intrusion; and, naturally occurring organic
carbon compounds are discharged into Delta source waters from the peat¯islands of the Delta.
Bromide and organic carbon have particular significance to Delta drinking water supplies, as
shall be discussed later.

Ranking of Altern~tives With Respect to Source Water Protection
Compared to a protected mountain watershed,-the Delta is a relatively poor source of drinking
water. Experts.~believe drinking water produced~frorr~.Delta~exports~..-iSisafe~’-but themargin of
safety can definitely be increased if thesource water were better protected.: Compared to
Alternative 1(minimal physical.changes~to the Delta),.~Alternative ,2(through-Delta system).. . ..........
should more effectively convey Sacramento River water through the Delta: and should, therefore,:.
somewhat improve’source water.protection. Alternative 3 would bring Sacramento River water.
more directly to drinking water producers and would¯ significantly protect the. drinking water
source from Delta influences~. (Sacramento River water.is much better quality than is found in.the.
Delta, and is fewer ’ Altemative 3 would:still not. ~ .subjectto negativeinfluences.) However,
provide the.ideal formula as described above; because.although better.protected, the,Sacrament0.¯~
River watershed is. ~.not completely..proteeted.from pollution.. .....

One. requirement of.the. Delta decision~process. is to determine~ the :importanceof improved: Source
water protectioia,:takingl.int~o.aeeount-the many:other considerationsthat~mustgo into tl’ie ’ ~:~:~.. :

Disinfection ¯Byproducts
The discussion that follows should be c6nsidered within the context that the most important facet
of water treatment is disinfection, and unwanted byproducts of this process (produced by
chemical reaction of the disinfectant with other constituents in the water) are unlikely ever to
have the health consequences of inadequate disinfection.

Chlorine killspathogens because it is a powerful chemical Oxidant that can destroy or disrupt
organic molecules. As analytical techniques ~anproved in the early 1970’s, scientists began to
understand that the very reactivity that enables chlorine to be so effective against disease
organisms also causes chlorine to react with other substances in water to form chlorinated
byproducts, including chloroform. (Chloroform consists of three chlorine atoms connected to
one Carbon and one hydrogen molecule. Chloroformproduction requires ~hlorine and a source..
of organic carbon which, in surface waters, typically comes from naturally occurring organic.
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byproducts of plant decomposition). During this period it was also discovered that, in the
presence of bromide, a salt that is present in sea water, chlorine and organic carbon can react to
form combinations of one carbon, one hydrogen and combinations of chlorine and bromine
atoms totaling three. Collectively these chemicals are termed trihalomethanes (THMs). The
trihalomethanes found in .drinking water treated by chlorine, are chloroform (CHC13),
bromodichloromethane (CHBrCI~), dibromochloromethane (CHBr2C1), and bromoform (CI-IBt3).

Animal testing data hadicated chloroform has the potential to cause cancer over a lifetime of
exposure; so, in 1981, dfinkin~ " ~ g water regulations were established for trihalomethanes.
According to this regulation, all four species of THMs taken together must not exceed 100 ug/L
(parts per billion) in treated drinking water supplied to customers.

The Sacramento-San Joaquin Delta is connected to San Francisco Bay and the Pacific Ocean, and
is subject to tidal influence. As a result, concentrations of bromide ha Delta export waters
resulting from sea water intrusion are higher than in 95 percent of the source waters of the nation.
In its natural condition, the.Delta was a maze of~m~anderingclaanuelspassing~.through.wetlands
of bulrush, cattails and similar marsh plants" that,.over time, deposited organic residu.es.up to:60
¯ feet deep. During:thegold rush period;° is!ands.were constructedby.building-levees:andthe rich.
.peat soils were used to support an agricultural industry that. was important then; and is still ....
important to California.. ¯

Shortly after the proposed THM.regulationwas proposed, water purveyors-began evaluating
Delta source waters and determined that discharges.from Delta.peat islands are a significant. :-
source of organic carbon ’ contributions to .waters exportedfromthe Delta. ~. Subsequent ..
investigation resulted in.the estimate.that, during.Water Year 1988,island drainage contributed..:
40to 45 percent of,.the organic carbonin.theDelta~during.the-irrigaf!on months:(Apri! to: .
August),.and 38 to 52 percent during the:period November through February when discharges~:
weremade to leach (remove) salts fromisland s0ils:[Ref]:.. ~ As aresult~ofthese.discharges:and:-o
other local sources, organiecarbon concentrationns,in South Delta exports average about 4 mg/L:
.~arts per milli0n), .whereasconcentrati0ns.~in the:lower.Sacramento:River average:ab0ut2
[Refl      .

Taken together, the .presence in Delta exports of bromide from the sea water connection and.
elevated organic carbon from Delta sources presented purveyors of drinking water from the Delta ¯
with a significant challenge in meeting the THM regulation. Most agencies treating water from
the Delta were unable to meet the regulation without changes in their treatment .practices.
However, the process changes adopted were generally Successful in meeting the regulation, and
with acceptable cost consequences. One of the most common changes was to discor~tinue the use
of chlorine to maintain disinfectant residuals in distribution systems and, instead, substitute
chloramine which, though a weaker disinfectant, prevents production of THMs in distribution ’
systems on the way to customers’ taps. The challenge has always been to maintain adequate
dishafection while minimizing unwanted chemical byproducts.
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It is axiomatic in drinking water treatment that no benefit is withdnt consequence. There has
been some question as to whether chloramine is a sufficiently strong to adequately maintain
disinfection in distribution systems. Also, chloramine is toxic to aquarium fish and interferes
with kidney dialysis. Because of the limited experience using chloramine, its health implications
are not yet fully understood, even though it now appears to be safe for this use.

The u.s. Environmental Protection Agency has announced its intention to adopt a more stringent
drinking water rule fo~ disinfection byproducts. The new rule, planned in two stages, is called
the Disinfectants/Disinfection Byproducts Rule. Stage I of the rule will reduce allowable THM
concentrations from 100 ugiL (parts per billion) to 80 ug/L. In addition, new criteria are
proposed for five hal~aeetie acids (60ug/L total), bromate (10 ug/L), and Total Organic Carbon
(2 mg/L),.(wtfieh is about the TOC. concentration present inthe lower Sacramento River). The
haloacetic acids and bromate are chemical byproducts of disinfection that have more recently
been associated with health concerns. Agencies treating source water exceeding 2 mg/L organic
carbon must undertake Studies to determine how to reduce organic carbon concentrations through

EPA has also announced.an intention to eonsider.more:stringentodisiufeetion byproduct ......
regulations in a Phase II of the D/DBP rule making process.. The initial suggestion is toreduce
allowable THMs to,.40 ug/L.. The ¯timing. of thePhase :II rule isn0tcertaln, ¯but sh0uld.be
.considered within thenext few years: .

¯ O The facilities to treat water for more-than¯20 million California citizens :involve very large capital
investments, and this. fact requires, water purveyors to plan.carefully for the future.. Because the.
¯ Delta as currently configured presents water quality, challenges due to bromide-andorganic , .
carbon, water agencies have generalty concluded that expected:newdrinking water regulations
for disinfection and for disinfectionbyproduct control probably¯ cannot-be met using chlorine,
Accordingly; m.anY are planning to conv.ert~to’use-of 0zone¯ for:disinfection..          ..

’ .- ’ ¯ . Ozone is a.~cery.powerfal disinfectant which is able,todestroysomepathogens that.even :chlorine.
does not consistently,kill. This featureincreases insurance against, filtration failures, and high
pathogen concentrations in the source water. Ozone does not produce chlorinated byproducts
such as chloroform and the other chloro-brom0 THMs. Therefore, ozone use should enable
lower THM standards to be more easily met. Ozone has an important additional advantage in
that it is very effective in controlling adverse taste and odor that is frequently associated with
.algal growths in source waters.

However, ozone is expensive. In addition, it does not have a persistent disinfection ~apacity so
other compounds, such as chloramine, must be used to protect distribution systems from
pathogen growth. The strong oxidative capacity of ozone breaks complex organic molecules into
simple compounds that provide readily usable nutrition for pathogens and other organisms. As
was mentioned earlier, chloramine is a relatively weak disinfectant and there is some question as
to how effectively it.can prevent pathogen growth in distribution systems being provided with a
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readily usable nutrition source resulting from ozone use.

Finally, ozone produces chemical byproducts of its bwn. In the presence of bromide, ozone
produces both bromoform (CHBr3) and bromate (13rO3 3- Bromoform will be regulated within
the THM regulation of the proposed Phase I Disinfectants/Disinfection Byproducts Rule, and
bromate will also be regulated because it appears to have a significant cancer causing potential of
its own. Apart from these compounds, ozone has the capacity toproduce a number (perhaps a
large number) of exotic chemical byproducts.. The presence in- the source water of bromide
.multiplies the numbers of chemical byproducts that could be produced by use of ozone. There is
a probability that future investigation will determine other disinfection byproducts present health
implications and need to be excluding from drinking water. Reducing the availability of
chemical "building blocks" in the form of bromide and organic carbon will reduce the probability
that investments in new water treatment technology would be degraded because of future
identification of new byproducts of concern.

Other treatment processes, such as. granular, activated., carbon.treatment; ultrafiltration~ and.
reverse osmosis exist, and could address most of the byproducts of treatment altematives~ Such.
processes can, however, beprohibitively expensive.

We have learned that the presence of bromide and organic carbon in Deltasource waters present
¯ unusual treatment challenges to drinking water purveyors. Because national drinking water: ¯ ..
regulations are basedon the country as a whole, there, isconcern that Californians maybe at a
disadvantage in meeting these regulations, given the relatively.poor quality of Delta source
waters. Clearly it would provide improved-certainty in planning.safe drinking Water supplies if
¯ Delta source waters could be improved. ’ .

Ranking of Alternatives with respect to Disinfection Byproduct Control ....

Altem.a.tive 1 would result in.no significant.reduction of br0mide cottcen..trations, of exportwaters.
Aitemative 2 would significantly reducebromide concen~atio.ns (on,the order of 40 %). in waters
taken by Contra Costa Water District, and would reduce concentrations at the State Water Project
export in the South Delta on the order of 25 percent. A dual transfer facility of10,000 cfs plus or
minus 2,000 cfs as proposed, would result in a 6-fold reduction of bromide in waters supplied to
municipalities throughout the South Bay, Central Valley and. .Southern California. The dual
transfer option would not result in significant bromide reductions for Contra Costa Water
District. To extend this benefit to the agency would require connection tO the dual transfer
facility. Figure 2 and Figure 3 present estimated bromide concentrations at Contra Costa Water
District’s intake and at the SWP intake (Clifton Court), respectively, that would result from
implementing the alternatives.

Organic Carbon
With Alternatives 1 and 2, measures would be undertaken to reduce discharges of organic
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Figure 1. Population Areas in California Served Drinking Water from Sacramento-San Joaquin
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carbon from Delta islands into drinking water supplies. It is difficult to predict how effective
these measures would be, as the feasibility of reducing these discharges has not been established.
Alternative 3 would greatly reduce the influence of organic carbon sources in the Delta.
Compared to bromide, organic Carbon is a somewhat more tractable problem, as it is possible to
reduce concentrations to some extent through existing treatment processes. Bromide cannot be
similarly removed.

Conflict between Disinfection and Disinfection Byproduct Control - Implications for the
Delta

On one hand, the current regulatory trend is toward more rigorous disinfection of drinking water
to protect people from disease causing organisms such as Cryptosporidium. On the other,
increased awareness of potential health effects of a range of unwanted disinfection byproducts is
driving increasingly stringent regulations to control them. There is an inherent tradeoff between
these regulatory directions because stronger disinfection will tend to create more unwanted
chemical byproduets..~ The entire nation-is subject tothese-new rules;so water purveyors.... ¯
throughout the country will.begrappling with these conflicting objectives. H6wever’, the.
presence, of elevated organic carbon and bromides in Delta waters will. present special, challenges

¯ to those who use Delta waters. Selection of a Delta alternative will, therefore, have a great
effect on the future of drinking water supply in California and, consequently, will directly affect
the citizens who receive their drinking water from the Delta. This is true no~ on!y from the
perspective of public health protecti0n,.but also of cost; as citizens are theultimatesource

the funds to be invested.of

Ōverall Considerations,
Selection of a Delta. alternative wi!l have important, drinking.water consequences: ~The choice
among alternatives will dete~rmine the degree to which Delta. drinking water sources are protected.
from pollution, especially from p.athogensthat have the potential~toeause waterborne:disease.
Better protected source water will increase the overall safety of the drinking water supply..
Reduction in bromide and organic, carbon in export waters willhelp reduce the tendency to
produce unwanted chemical disinfection byproducts, will reduce the technical complexity of
controlling these byproducts, and will decrease the cost of meeting drinking water regulations.
Reductions in bromide and organic carbon will also reduce the possibility of future requirements
for control of as yet unknown disinfection byproducts.
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