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One objective of the CALFED Bay-Delta Program is to provide good water quality in water

. diverted from the Delta to meet drinking water needs. To accomplish this, CALFED must

select a long-term solution that provides a quality of source water that urban water providers
can treat with reasonable cost to meet current and future federal and state health-based
drinking water standards. To enable a quantitative assessment of the impact of alternative
Bay-Delta solutions, specific water quality criteria must be chosen for analysis. . Although
there are numerous water quality constituents of concem in meeting drinking water
standards, the major constituents of health concem in Delta water are pathogens (Giardia and
Cryptosporidium) and disinfection by-product (DBP) precursors (bromide and fotal organic
carbon). The quality of water diverted from the Delta will bear heavily on the treatment
technology which needs to be employed to meet increasingly stringent drinking water
standards. Municipal water providers are already investing hundreds of millions of dollars
in advanced treatment processes to meet more restrictive treatment standards. Without a
higher quality of source water, probable future standards could make these investments
obsolete and force technology which can neither be guaranteed to perform, be feasible due
to market constraints or environmental regulation constraints, or be realistically affordable
to the end users.

Setting water quality criteria requires knowledge about both the future regulatory setting
under the Safe Drinking Water Act and the relative performance characteristics of currently
available treatment technologies under a variety of actual conditions. Rather than asking its
treatment experts to make this assessment, CUW A convened a panel of nationally recognized
drinking water quality experts to determine the required criteria for total organic carbon
{TOC) and bromide that will allow utilities treating Delta water to comply with current and
probable future drinking water regulations utilizing available advanced technology. The
expert panel consists of Douglas Owen, P.E. Vice President at Malcolm Pirmnie, Inc.,
Phillippe Daniel, P.E. Associate at Camp Dresser & McKee and R. Scott Summers, PhD,
Associate Professor at the University of Cincinnati. The purpose of the expert panel report
is to recommend Delta drinking water quality criteria with which CALFED staff can evaluate
Bay-Delta alternative’s relative performance in meeting program objectives. These criteria
have been developed in recognition of the interaction between source water quality,
treatment efficacy and probable regulatory outcomes, as developed by the panel. This report,
however, does not represent CUWA’s or any of its members endorsement of a specific
regulatory outcome.

This report concludes that for currently available advanced water treatment technology (i.e.,
enhanced coagulation and ozone disinfection) to be able to mest potential long-term drinking
water quality standards for water diverted from the Delta, the source water quality should
have concentrations less than 3.0 mg/L for TOC and less than 50 xg/L for bromide (<20
mg/L chloride concentration). Although using granular activated carbon or membranes
allows upward flexibility in these values, the feasibility of these processes in terms of cost,
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residual disposal, and construction is uncertain (there are only one or two facilities in the
United States of the size applicable to CUWA member facilities which use GAC or
membranes for drinking water treatment). Source water quality with concentrations higher
than 3.0 mg/L. TOC and 50 .:g/L bromide could still meet a near-term regulatory scenario,
but the long-term scenario is more appropriate for planning eventual CALFED Bay-Delta
solution. _

CUWA recognizes that based upon historic concentrations of these constituents measured
at Clifton Court Forebay in the Delta, it is unlikely that the above criterion for bromide could
be met by all urban water agencies using ozonation under existing conditions, even in wet
years. Therefore, CALFED must carefully analyze a variety of actions within its alternatives
analysis to determine which combination of actions can assure the achievement of the
program’s drinking water quality objective in concert with other important objectives. These
actions should include at least the following:

. The capability of in-Delta hydraulic modifications to limit scawater intrusion
and resulting increase in bromide concentration

. Pollutant source control programs for TOC and pathogens (actions should
include areas where water is degraded after diversion from the Delta as well
as the Bay-Delta watershed itself’)

. Water storage and storage management
. Increased outflow
. An isolated facility

These actions must be assessed in appropriate combinations designed to meet CALFED’s
multiple program objectives.

CUWA also recognizes that CALFED should assess the environmental and economic impact
and the practical feasibility of not providing a water quality for Delta diversions which
would allow future standards to be met with currently available advanced technology.
CUWA does not believe such technology, including membrane technologies and granulated
activated carbon filtration, are cither affordable or feasible on the scale needed for municipal
treatment in California and are not likely to be in the foreseeable future.

Public water agencies have a unique public trust responsibility to provide the highest quality
of water reasonably achievable. This approach to public health protection is one that is
balanced by combining (1) source selection to enhance water quality, (2) source protection
to preserve water quality, and (3) effective and reliable treatment technology. CUWA
believes the CALFED Bay-Delta Program solution should be consistent with the following
principles.
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Maintenance and improvement of existing high quality urban water supplies
and in-Delta supplies as the most effective means to protect public health

A strong program of water pollutant source control is required to assure
public health and environmental quality

Provision for the highest quality drinking water quality reasonably available.
This will assure the greatest likelihood that available treatment technologies
will meet future drinking water standards.

California Urban Water Agencies
June 1998




EXECUTIVE SUMMARY

The Catifornia Urban Water Agencies (CUWA) retained the assistance of three water quality
and treatment specialists who have specific expertise in the formation of disinfection by-
products (DBPs). These three individuals -- the expert panel -- evaluated specific source
water quality characteristics which would be necessary to permit diverted water from the San
Francisco Bay/Sacramento-San Joaquin River Delta (Delta) to be used for meeting potential
public health related water quality standards under defined treatment conditions.
Specifically, the expert panel was charged with 1) developing potential future regulatory
scenarios, 2) defining appropriate process criteria for coagulation, ozonation, granular
activated carbon and membrane treatment processes, and 3) estimating source water quality
diverted from the Delta which would allow users implementing the defined treatment
technologies to comply with the regulatory scenario. The source water quality characteristics
were framed in the context of total organic carbon (TOC) and bromide concentrations, both
constituents which have the potential o be controlled by different management strategies for
the Delta. :

Two potential regulatory scenarios were projected based upon regulatory negotiations
conducted in 1992-93 and 1997. The near-term scenario focuses on Stage 1 of the
Disinfectant/Disinfection By-Product (D/DBP) Rule and the Interim Enhanced Surface
Water Treatment Rule. The long-term scenario focuses on Stage 2 of the D/DBP Rule and
the Long Term Enhanced Surface Water Treatment Rule. The potential regulatory scenarios
include specific limits for two organic classifications of DBPs recently proposed in
rulemaking by EPA; total trihalomethanes (TTHMSs) and the sum of five haloacetic acids
(HAA5). In addition, a potential limit was projected for bromate, an inorganic by-product
formed by the ozonation of bromide-containing waters; a standard has been proposed by
EPA for this DBP, as well. These DBP limits were coupled with various potential
requirements for microbial removal and inactivation.

The treatment criteria specified by the expert panel for the near-term regulatory scenario
included: 1) the use of 40 mg/L of alum at a pH of 7.0 and possibly as low as 6.5 in the
coagulation process, followed by chlorine disinfection with a chloramine residual in the
distribution system, and 2) the use of ozone at specific ozone:TOC ratios followed by a
chloramine residual. The chlorine and ozone disinfection criteria were proposed to meet
potential 1 or 2 log Giardia inactivation requirements. For the long-term regulatory
scenario, the use of post-filter GAC adsorbers, GAC in combination with ozone, membrane
filtration in combination with ozone, and nanofiltration with free chlorine were considered.
The long-term scenario included inactivation for Giardia and Cryptosporidium, the latter of
which could only be achieved by ozone disinfection or the “absolute barrier” of membrane
treatment.
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The expert panel used data submitted by CUWA. members, available literature and ongoing
research, as well as their own experience and best professional judgement to arrive at
potential source water quality requirements. Available models for DBP formation were
evaluated to investigate threshold DBP formation behavior and to support the initial
conclusions reached by the expert panel.

Specific combinations for TOC and bromide necessary in the water diverted from the Delta
can vary depending upon the treatment technology implemented and microbiclogical
inactivation required. Further, the selected bromate level of 5 pg/L in the long-term
regulatory scenario is significant in establishing limiting bromide levels in this evaluation.
The rationale for this level in this analysis ultimately may be modified by a variety of factors
including allowing for trade-offs for disinfection and the formation of organically-based
brominated DBPs (e.g., THMs or HAAs) or evidence of a cancer threshold for bromate
(investigations underway). On the other hand, there are other potential regulatory outcomes
involving 1) further lowering the MCLs for DBPs, 2) the regulation of individual DBP
species (rather than the groups of compounds represented by TTHM and HAAS due to the
potentially more severe health effects associated with brominated compounds), 3) regulating
other DBPs beyond TTHMs and HAAS, including the addition of other regulated HAAs
(there are nine total) as analytical methods are developed and refined, 4) a comparative risk
framework which balances all of the risk attributable to the DBPs formed, rather than
providing specific MCLs for each group, and 5) concerns over reproductive and
developmental effects that may be associated with DBPs, which may lower the regulatory
levels and/or the permissible maximum concentration (i.e., annual averaging may no longer
be the basis for determining compliance).

In summary, it was the opinion of the panel that <3 mg/L of TOC and < 50 ug/L of bromide
would be necessary to allow users the flexibility to incorporate either enhanced coagulation
or ozone disinfection to meet the potential long-term regulatory scenario in this evaluation.
The TOC value is constrained by the formation of total trihalomethanes when using
enhanced coagulation for TOC removal and free chlorine to inactivate Giardia. The bromide
value is constrained by the formation of bromate when using ozone to inactivate
Cryptosporidium. Looking only at the potential near-term regulatory scenario provides
significantly more source water flexibility when using enhanced coagulation or ozone, with
source water TOC concentrations ranging between 4 and up to 7 mg/L (the 90* percentile
value for waters diverted from the south Delta) and bromide ranging between 100 and 300
1g/L, depending upon the extent of Giardia inactivation required (the near-term scenario
does not include Cryptosporidium inactivation).

Similarly, the use of either GAC or membrane treatment in the long-term regulatory scenario
broadens the allowable source water quality. For GAC, a source water TOC value of 5 mg/L
is acceptable with bromide of 150 ng/L or 50 ug/L, depending upon Giardia inactivation.
GAC alone is not applicable to instances in which Cryptosporidium inactivation is required,
and must be coupled with ozone disinfection. This allows the source water TOC
concentration to increase to at least 7 mg/L, although bromide is constrained to < 50 xg/L
even at an ozone pH of 6.5,
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The use of microfiliration or ultrafiltration, coupled with ozone for primary disinfection and
chloramines for secondary disinfection, is an “absolute barrier” for protozoan (Giardia and
Cryptosporidium) removal. Viruses, however, must still be inactivated. This treatment
scheme allows source water TOC concentrations to increase to at least 7 mg/L.. The bromide
concentration is again limited by bromate formation under ozone addition for virus
inactivation, and is < 150 pg/L. for microfiltration and < 300 wg/L for ultrafiltration (less
virus inactivation is required for ultrafiltration). If nanofiltration is used with free
chlorination, TOC concentration can be up to 10 mg/L for all bromide concentrations
evaluated (< 300 ug/L).

It is important to note that when ozone disinfection is used for treatment, the allowable TOC
is not unlimited. There are concerns regarding the ability of biological filters or GAC to
remove biodegradable organic carbon to adequate levels as TOC approaches 7 mg/L (the 90®
percentile for water diverted from the south Delta). In general, ozone disinfection is more
effective and reliable as TOC decreases.

The feasibility of implementing either GAC or NF/RO membranes in California, given cost
considerations, environmental permitting constraints, and limited residual disposal options,
is uncertain. The use of MF/UF membranes address some residual disposal issues, but large
system design issues affect feasibility on a site-specific basis.
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1.0 INTRODUCTION

The California Urban Water Agencies (CUWA) engaged the services of three water
quality experts to assist in providing input to the CALFED process regarding potential
management alternatives in the San Francisco Bay/Sacramento-San Joaquin River Delta
(Delta). The expert panel was charged with determining the required raw water quality
diverted from the Deita which would permit the effective implementation of specific
drinking water treatment processes to meet potential future drinking water quality standards.
The expert panel was comprised of Douglas M. Owen, P.E., Vice President at Maicolm
Pirnie, Inc., Phillippe A. Daniel, P.E., Associate at Camp, Dresser & McKee, and R. Scott
Summers, PhD, Associate Professor at the University of Cincinnati.

The expert panel used data submitted by CUWA members, available literature and
ongoing research, as well as their own experience and best professional judgement to arrive
at potential source water quality requirements. Available models for DBP formation were
evaluated to investigate threshold DBP formation behavior and to support the preliminary
conclusions reached by the expert panel. This report presents the best professional
judgement from this expert panel.

This report is subdivided into the following chapters:

Chapter 2 - Potential Regulatory Scenario and Schedule
Chapter 3 - Treatment Processes to Meet Regulatory Requirements

Chapter 4 - Evaluation of Source Water Quality and Treatment Efficiency

In Chapter 2, the general trends in drinking water regulations are discussed and
plausible, future regulatory criteria are presented. Treatment processes relevant to users of
water diverted from the Delta are presented in Chapter 3, together with general assumptions
regarding the design and application of these processes. In Chapter 4, source water quality
is projected which allows the treatment processes defined in Chapter 3 to be used to meet the
potential regulatory scenario presented in Chapter 2.

1-1 DRAFT FINAL 5/15/98
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2.0 POTENTIAL REGULATORY SCENARIO AND SCHEDULE

2.1 REGULATORY SCENARIO

2.1.1 Introduction

From a perspective of water quality parameters which can be controlled through
management strategies in the Delta [e.g., total organic carbon (TOC) and bromide], the most
critical present and fiature human health-related regulations affecting the implementation and
performance of drinking water treatment processes for agencies using Delta water are:

1. Microbiological control - The focus for disinfection and microbial control currently
pivots around the removal and inactivation of Giardia and Cryptosporidium.
Currently, 3 log (99.9 percent) removal and inactivation of Giardia is required in the
Surface Water Treatment Rule (SWTR). The EPA began considering an Enhanced
SWTR (ESWTR) starting in late 1992, which would address the ability of systems
to maintain microbiological control as disinfection practices were scrutinized. This
rule would also address the removal/ inactivation of Crypfosporidium, through either
removal or inactivation. The ESWTR has been proposed in two stages (USEPA,
1994) and is currently being re-evaluated, as discussed below.

2. Disinfection By-Product Control - The disinfectant residual concentration and the
organic and inorganic compounds formed by the disinfection process (termed
disinfection by-products or DBPs) will be regulated under the
Disinfectants/Disinfection By-Products (D/DBP) Rule. This rule also was proposed
in two stages (USEPA, 1994) and is currently being re-evaluated.

Other water quality contaminants, such as pesticides, herbicides, and metals, are of
concern but are not likely to constrain treatment requirements as significantly as the
microbial and DBP regulations, based upon their occurrence in water currently diverted
from the Delta.

Both stages of the ESWTR and D/DBP Rule will impact the CUWA members and
will affect the quality of water diverted from the Delta to meet regulatery requirements using
an array of treatment technologies. Although a longer-term view of the regulations (i.e.,
second stage) is more appropriate to coordinate with the ultimate Delta management
solutions, these future regulations are still relatively uncertain. The initial regulations --

Stage 1 of the D/DBP Rule and the Interim ESWTR — have been agreed to in principle
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through a Federal Advisory Committee Act (FACA) process involving stakeholder meetings
held in the Spring and Summer of 1997. Consequently, the expert panel evaluated potential
future source water quality requirements using the specified technologies for both the near-
term and long-term regulations.

The following sections discuss potential regulatory scenarios for both the near-term
(i-e., Stage 1 D/DBP Rule and Interim ESWTR) and the long-term (i.e., Stage 2 D/DBP Rule
and Long Term 2 ESWTR) regulations. Source water quality requirements are developed
in Chapter 4, using the defined technologies in Chapter 3, to meet both the near-term and

long-term potential regulatory outcomes.

2.1.2 Potential Near-Term Regulatory Scenario

Stage 1 D/DBP Rule

The requirements for the Stage 1 D/DBP Rule have been agreed to in principle
through the FACA process. The requirements most significantly impacting treatment
technologies and source water quality requirements include maximum contaminant levels
(MCLs) and a treatment technique. Relevant MCLs include an 80 .g/L standard for total
trihalomethanes (TTHMs) and 60 rg/L value for the sum of five haloacetic acids (HAAS).
In addition, a 10 ug/L MCL has been proposed for bromate (a compound formed in
bromide-containing waters, particularly with ozone treatment).

The treatment technique is enhanced coagulation and enhanced precipitative
softening. For the CUWA members, the requirements of enhanced coagulation are more
relevant than those for softening. With a few exceptions based upon treated water quality,
enhanced coagulation must be implemented at existing conventional treatment facilities. It
will not be enforced for direct filtration facilities. The treatment requirements for enhanced
coagulation, as they apply to this evaluation, are discussed in Chapter 3.

Interim ESWTR

The Interim ESWTR (IESWTR), also agreed to in principle at the FACA
negotiations, is designed to provide microbial protection as systems are potentially
modifying treatment practices to comply with Stage 1 of the D/DBP Rule. In summary, the
IESWTR focuses on maintaining the level of chemical disinfection currently provided at
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existing facilities, while requiring a higher standard of particle removal. Briefly, the standard
for combined filtered water turbidity will be reduced to <0.3 NTU at least 95% of the time.
Individual filter turbidities must be monitored and there is a series of evaluations which must
be performed if individual filter water turbidities exceed 1 or 2 NTU for consecutive 15
minute measurements.

The chemical disinfection requirements are based upon a2 microbial “backstop.” In
concept, the backstop focuses on maintaining the minimum level of disinfection that existing
facilities have historically been providing. If a system modifies disinfection practices to
meet the requirements of Stage 1 of the D/DBP Rule, they must either 1) meet or exceed the
“backstop™ disinfection practice, or 2) discuss their proposed disinfection modifications with
the primacy agency (e.g., California Department of Health Services). The backstop is
calculated through profiling existing disinfection practices as follows:

1. The monthly average of daily Giardia inactivation is calculated for three consecutive
calendar years.

2, The minimum monthly average inactivation is identified for each calendar year.

3 The three minimum monthly average inactivations are averaged to calculate a single,

“backstop” value.

This backstop is only applicable if a significant change in disinfection (e.g.,
disinfectant type, dosage) is implemented by the system which results in an inactivation that
is less than the backstop value. 1t is itnportant to note that the backstop triggers a discussion
with the primacy agency. It is possible that the utility may be allowed to reduce the level of
disinfection below the backstop level, depending upon the backstop value, disinfectant type,
and other site-specific issues. The final disinfection requirements, if less than the backstop,
are determined by the primacy agency together with the utility.

Historical disinfection data submitted by the Metropolitan Water District of Southern
California and the Alameda County Water District were reviewed to determine a “central
tendency” backstop for the CUWA members. The evaluation indicated that the backstop
value could vary between 90 percent (1 log) and 99 percent (2 log) inactivation of Giardia.
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Therefore, the expert panel considered both of these backstop values in determining source
water quality requirements.
otential T\
Based upon the above discussion, the potential near-term regulatory scenario is
summarized in Table 2.1;

TABLE 2.1

POTENTIAL NEAR-TERM REGULATORY SCENARIO

Regulation Parameter Treatment Requirement
or MCL
Interim ESWTR Giardia Additional 1 or 2 log inactivation by
disinfection, after treatment removal
credit
Stage 1 D/DBP Rule | TTHMs 80 ug/ll
HAAS 60 ug/L
Bromate 10 ug/L

2.1.3 Potential Long-Term Regulatory Scenario

Stage 2 D/DBP Rulg

Stage 2 DBP levels which were proposed in 1994, while acknowledged to be
"placeholder" values until additional data can be collected and reviewed, were assumed to
be reasonable targets for this analysis (i.e., TTHM of 40 pg/L, HAAS of 30 ug/L). Further,
a bromate MCL of 5§ ng/IL was considered for the long-term. The rational for this level is
based upon a host of factors. First, the 10, 105, and 10® excess cancer risk levels for
bromate are 5 ug/L, 0.5 ug/L and 0.05 ug/L, respectively. These levels were confirmed in
EPA’s recent Notice of Data Availability for Disinfectants and Disinfection By-Products in
March 1998 (USEPA, 1998). Although a 5 .g/L. limit was considered during the regulatory
negotiation in 1992-1993, a value of 10 ugf/L was established based upon practical
quantitation levels (PQLs) for this compound at that time. Since 1994, however, many
improvements have been made in the analytical technique for bromate thereby providing an
excellent potential for reducing the PQL in future rulemaking. Because of EPA’s
reaffirmation of the carcinogenicity of bromate in recent studies and the improvement in

analytical techniques, a bromate target of 5 ug/L was selected for the long-term scenario.
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Long-Term ESWTR

The final outcome for 2 Long Term 2 ESWTR (LT2ZESWTR) is uncertain, but many
alternatives in the ESWTR proposed by EPA require treatment based on pathogen density
in source waters (USEPA, 1994). Based upon 1) a review of pathogen data collected at
various locations in the Delta by the Metropolitan Water District of Southern California, and
2) regulatory alternatives proposed in the ESWTR, plausible requirements identified by the
expert panel for Delta water range from 1 log and 2 log inactivation of Giardia to 1 log
inactivation of Cryptosporidium. This level of inactivation Woﬂd be required after treatment
removal credit is achieved. These criteria assume that higher log inactivations will be
required as the concentration of pathogens in the source water increases. For every log
increase in source water concentration, an additional log increase in removal/inactivation is
required to achieve a constant finished water quality. This concept was proposed in the
SWTR Guidance Manual and was furthered in several proposals published by EPA for the
ESWTR.

ial Long- lato

Based upon the above discussion, the potential long-term regulatory scenario is

summarized in Table 2.2:
TABLE 2.2

POTENTIAL LONG-TERM REGULATORY SCENARIO

Regulation Parameter Treatment Requirement
or MCL
Long-Term 2 ESWTR | Giardia Additional 1 or 2 log
inactivation by disinfection,
after treatment removal credit
Cryptosporidium Additional 1 log inactivation
by disinfection, after
treatment removal credit
Stage 2 D/DBP Rule TTHMs 40 ug/L
HAAS 30 ug/L
Bromate 5 ug/L
2-5 DRAFT FINAL 5/15/98
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While there are many factors that contribute to the uncertainty surrounding the
projected regulatory scenario in Table 2.2, it is the selected bromate level of 5 .g/L that most
keenty influences the analysis. The rationale for this level (i.e., advances in detection limit,
the weight of the carcinogenic evidence, the precedence for THM and HAAS limits in Stage
2 at half the Stage 1 levels) in this analysis could ultimately be modified by a variety of
factors. Nevertheless, in the absence of more definitive direction, the panel considers a 5
ug/L value to be both prudent and plausible.

There are other potential regulatory outcomes involving 1) further lowering the
MCLs for DBPs, 2) the regulation of individual DBP species (rather.than the groups of
compounds represented by TTHM and HAAS due to the potentially more severe health
effects associated with brominated compounds), 3) regulating other DBPs beyond TTHMs
and HAAS, including the addition of other HA As (there are nine total) as analytical methods
are developed and refined, 4) a comparative risk framework which balances all of the risk
attributable to the DBPs formed, rather than providing specific MCLs for each group, and
5) concerns over reproductive and developmental effects that may be associated with DBPs,
which may lower the regulatory levels and/or the permissible maximum concentration (i.e.,
annual averaging may no longer be the basis for determining compliance). The potential

implications of such regulatory outcomes is briefly discussed in Section 4.4,

22 REGULATORY SCHEDULE

The recently-enacted 1996 Amendments to the Safe Drinking Water Act (SDWA)
have caused EPA to adopt a2 more ambitious schedule than EPA presented in June 1996 (see
Table 2.3). The June 1996 dates were based upon a scenario in which EPA would not be
“pushed” to develop an Interim ESWTR, and promulgate Stage 1 ‘of the D/DBP Rule and the
Interim ESWTR, until pathogen data were available from the Information Collection Rule
(ICR).
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TABLE 2.3
COMPARISON OF OLD AND NEW REGULATORY SCHEDULE

Promulgation Date
Regulation Initial Revised
(June 1996) | (August 1996)
Interim ESWTR June 2000 November 1998
Long Term 2 BSWTR NA @ November 2000
Stage 1 D/DBP Rule June 2000 November 1998
Stage 2 D/DBP Rule June 2003 May 2002

Notes:
(1) NA = Not available

EPA understands, however, that the LT2ESWTR and Stage 2 of the D/DBP Rule, at
a minimum, are linked to data availability through the ICR. Monitoring for the 18-month
ICR began in July 1997. Consequently, EPA was pressed between the statutory
requirements and the recognition that a longer time frame would be required to promulgate
Stage 1 of the D/DBP Rule and the IESWTR if the ICR data were to be considered.
Therefore, EPA proceeded with interim regulations for microbial and DBP control based
upon the existing knowledge base rather than waiting for the ICR data. The FACA process
for the agreement in principle concluded in June 1997 to allow EPA to meet the schedule in
Table 2.3 for the near-term regulations. Nevertheless, both the LT2ZESWTR and Stage 2 of
the D/DBP Rule will ultimately need to be finalized and become effective by the dates given
in the reauthorized SDWA (November 2000 and May 2002, respectively) and take the ICR
data into account. Even though the ICR monitoring has begun, the schedule will remain tight
as a result of the time needed to analyze the data and to perform treatability studies to
support compliance forecasts for the Stage 2 D/DBP Rule.
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3.0 TREATMENT PROCESSES REQUIRED TO
MEET FUTURE REGULATIONS

In this chapter, general process criteria are defined to characterize specific treatment
processes relevant to users of water diverted from the Delia. Source water quality is
determined in Chapter 4 which permits these treatment processes to meet the potential
regulatory scenarios discussed in Chapter 2.

3.1 SELECTION OF TREATMENT PROCESSES TO BE EVALUATED

As apart of this effort, CUWA requested that the expert panel initially focus on those
treatment processes which were considered to be the most cost-effective for simultaneously
meeting the requirements of the D/DBP Rule and the ESWTR when treating water diverted
from the Delta. These processes were defined as enhanced coagulation, a treatment
technique proposed for Stage 1 of the D/DBP Rule, and ozone disinfection. These two
processes are also relevant for Stage 2 of the D/DBP Rule and were considered appropriate
because they can be implemented into facilities currently owned and operated by the CUWA
agencies (as well as a majority of conventional filtration facilities across the country). For
example, the majority of filtration systems across the country use conventional treatment
including sedimentation, which allows for increased coagulation dosages to meet proposed
enhanced coagulation requirements. In addition, some CUWA facilities already use ozone
disinfection. The most cost-effective option(s) for meeting potential future regulations is
specific for each water purveyor, depending upon water source and quality.

Based upon comments received from the Natural Resources Defense Council
(NRDC), CUWA also directed the expert panel to evaluate the impact of implementing post-
filter granular activated carbon (GAC) adsorbers and membranes on the potential allowable
source water quality characteristics. Neither of these processes are currently used by any of
the CUWA members and their feasibility for large scale water treatment facilities in
California is uncertain. Post-filter GAC adsorbers and membranes can be at least an order
of magnitude more expensive than ozone and the feasibility of these technologies is much

more uncertain based upon cost, environmental permitting constraints, and availability of
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residual handling alternatives. This view is shared by much of the water industry. For
reference, only one or two treatment plants in the country at the size comparable to many of
the CUWA members use post-filter GAC or membranes for drinking water treatment.
There are CUWA members who now treat much higher quality water than that
currently diverted from the Delta. These entities are able to use in-line filtration or simply
disinfection without filtration to produce high quality drinking water. It should be
emphasized that the determination of feasible treatment processes is dependent upon the
existing source and that this evaluation is based only upon those entities currently using

water diverted from the Delta.

3.2 GENERAL ASSUMPTIONS FOR SELECTED TREATMENT PROCESSES

3.2.1 [Enhanced Coagulation

Enhanced coagulation offers the advanfages of removing naturally-occurring organic
material, thereby removing DBP precursors which, upon disinfection, form DBPs. As such,
MCLs for TTHMs and HAAS can be addressed by enhanced coagulation, when followed by
chlorine disinfection. Upon review of the potential for DBP formation, it was determined
that enhanced coagulation would only be required under conditions in which free chlorine
is used for primary disinfection (pathogen inactivation), followed by chloramines for
secondary disinfection to maintain a distribution system residual. Further, this treatment
option is only applicable to instances in which either 1 or 2 log Giardia inactivation is
required to demonstrate microbial control, as discussed in Chapter 2. It was assumed that
Cryptosporidium inactivation could not be achieved by free chiorine disinfection under
treatment conditions feasible for drinking water systems.

The conditions for enhanced coagulation were defined according to the specific
percent removal requirements for Total Organic Carbon (TOC) — as proposed in Stage 1 of
the D/DBP Rule (USEPA, 1994} and amended through the FACA process -- by raw water
TQOC and alkalinity. Given the specific TOC removal percentages in the proposed D/DBP
Rule, this translated to a projected 40 mg/L dosage of alum at a coagulation pH of 7.0, and
possibly as low as 6.5. Consequently, acid addition may be required since the 40 mg/L
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dosage will likely only lower the pH to a value between 7.0 and 7.2. These coagulant
dosages are not atypical of those cumrently being used by some CUWA members (e.g.,
Alameda County, Contra Costa, and Santa Clara Valley Water Districts), although these
systems do not reduce pH with acid to improve precursor removal. It was assumed that a
chlorine: TOC ratio of 1:1 and 60 minutes of free chlorine contact (t;;) would be required
to achieve 1 log inactivation of Giardia. For 2 log Giardia inactivation, 120 minutes of free
chlorine contact would be required. The above criteria for chlorine dose and contact time
assume a chlorine residual of approximately 1 to 1.5 mg/L after the associated contact time,
with a tg:ts, ratio of between 0.5 and 0.6 in a moderately well-baffled contactor. This allows
for the appropriate CT values to be met at the limiting case of a temperature between 10 and
15° C and a chlorination pH of 7.0 to 7.5. The 1 and 2 log Giardia inactivation targets are
applicable to both the backstop for the IESWTR and some of the microbial requirements for
the LT2ZESWTR in the potential regulatory scenarios in Chapter 2.

In the above definition, it is assumed that chlorination would be postponed until after
coagulation, flocculation and sedimentation is complete. It is recognized that during the
latest round of regulatory deliberations, the USEPA accepted that utilities may need to
provide raw water chlorination - and receive credit for microbial imactivation —
simultaneously with removing organic material to reduce DBP formation. Recent enhanced
coagulation research (Summers, 1997) indicates that the DBPs formed when chlorination is
delayed until after sedimentation may be only 75 to 80 percent of those formed when
prechlorination is practiced. Consequently, the definition of enhanced coagulation used in
this evaluation represents the best that systems could achieve in terms of DBP production.
This translates to a larger allowable range for source water quality. In addition, the above
definition assumes that the systems can and will construct additional dedicated contact
chambers to meet inactivation requirements, if required. There are costs associated with

providing additional clearwe!l contact time beyond that currently available.
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In the evaluation in Chapter 4, regions of “uncertainty” are illustrated to delinecate
those source water conditions under which the selection of specific treatment technologies
will be highly system-specific. For enhanced coagulation, these regions will include the
uncertainty associated with potential differences in DBP formation based upon whether or

not prechlorination is practiced under enhanced coagulation conditions.

3.2.2 Ozone Disinfection

The use of ozone disinfection offers the opportunity to meet the MCLs for TTHM
and HAAS in the potential regulatory scenario by again using chloramines as the secondary
disinfectant. Therefore, additional removal of naturally-occurring organic matter may not
be necessary. That is, enhanced coagulation may not have to be coupled with ozone
disinfection, as long as the source water TOC is < 4.0 mg/L and alkalinity is > 60 mg/L as
CaCO,. Implementing ozone and chloramines under the Stage 1 timeframe to meet both
Stage 1 and Stage 2 MCLs is one strategy for water utilities to avoid implementing
enhanced coagulation when treating source waters with TOC concentrations < 4.0 mg/I. and
alkalinity > 60 mg/L as CaCQ,. Many entities using water diverted from the Delta, however,
treat source water TOC concentrations > 4 mg/L.

Based upon the ozone dosage and inactivation data from the CUWA members, the
expert panel’s experience, and recent research, possible ozone: TOC ratios which may be
required to achieve pathogen inactivation were evaluated. These ratios take into
consideration a host of factors, including 1) CT requirements for 1 log Crypfosporidium
inactivation may be up to 10 times that required for 1 log Giardia inactivation, 2) ozone
residuals increase as dosages increase for a fixed contact time once the initial ozone demand
has been satisfied, and 3) pH affects the persistence of ozone residuals. The ratios were
adjusted for pH effects (i.e., greater ozone residual persistence as pH decreases resulting in
lower ozone requirements). For example, to meet 1 log Giardia inactivation at ambient pH,
Alameda County Water District routinely requires an ozone to TOC ratio of 0.8 (ambient pH
for entities using water diverted from the Delta can range from 7.5 to 9.5, a “typical” value
of 7.8 is used in this analysis). At pH 7, MWD's demonstration plant results indicated
roughly a 0.7 ozone: TOC ratio for achieving 2 log Giardia inactivation. It is important to

note that CT compliance needs to be achieved continuously, and therefore an approximate

34 DRAFT FINAL 5/15/98




-

20 percent safety factor was applied to the CUWA member data. This also partially accounts
for EPA’s approach in setting CT values based upon 90 percentile values versus median (50
percentile values) which are represented by the CUWA member data. The selection of
ozone: TOC ratios also considered operational issues, for which it was assumed that there
would be a certain *“overshoot” of specific dosage targets to ensure continual CT compliance.
Based upon these assumptions, bromate formation was evaluated at a range of ozone: TOC
ratios and pH values, as summarized in Table 3.1.
TABLE 3.1

OZONE: TOC RATIO AND PH CONDITIONS FOR

BROMATE EVALUATION
pH Ozone: TOC Ratios
7.8 - 08,12,15
7.2 0.7,1.0, 1.3
6.8 0.6,09,1.1
6.5 0.5,0.75,1.0

The ozone: TOC ratios at each pH were considered to inactivate 1 log Giardia, 2 log
Giardia, and 1 log Cryptosporidium. The 1 and 2 log Giardia inactivation is relevant to both
the potential near and long-term regulatory scenarios presented in Chapter 2. The 1 log
Cryptosporidium inactivation is only relevant to the LT2ESWTR in the potential regulatory
scenario in Chapter 2.

It is recognized that the above ozone:TOC ratios are dependent upon other ozone
design criteria proposed, such as a 12 minute contact time in a single, multi-chamber
contactor. Other facility configurations, such as two-stage ozonation (¢.g., ozone added at
raw and settled water) and longer ozone contact times may yield different source water
quality constraints for a fixed water quality target (e.g., bromate MCL). The criteria
proposed here are based upon typical ozone system designs throughout the country.

The expert panel was also requested to evaluate bromate formation at pH 6.0.
Relatively fewer data are available at this pH, and this value is outside the boundary
conditions of available models (Ozekin, 1994) that were used to assist in validating the

expert panel’s initial opinions. Further, very few systems with moderate to high alkalinity
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(> 60 to 80 mg/L as CaCO,) would consider providing treatment at a pH of 6.0. It has a
significant impact on chemical (acid) feed requirements to reduce pH which, in tum, have
secondary impacts. For example, total dissolved solids (TDS) levels can increase
significantly as a result of acid addition to achieve a pH of 6.0 in moderate to high alkalinity
waters. A pH of 6.0 is also very aggressive to basin and pipe surfaces, and special
precautions should be implemented in the design and construction of facilities to
accommodate this pH.

It is the relative lack of data, however, that led the expert panel to not predict bromate
production at a pH of 6.0. Any bromate concentration predicted at this pH would be
speculative in nature, and would have a much greater uncertainty than other values presented
in this report. Consequently, predictions of bromate formation at pH 6.0 are not presented.

3.2.3 Granular Activated Carbon Adsorption

Post-Filter GAC

Like enhanced coagulation, granular activated carbon controls the formation of DBPs
through the removal of DBP precursors. Initially, GAC can remove over 80 percent of the
organic DBP precursors. It is an unsteady-state process, however, in which the effluent
concentration increases with time and the GAC has a finite adsorption capacity. Thus, when
the effluent treatment objective is exceeded the GAC must be removed from the adsorbers
and reactivated or replaced. The critical design parameter is the empty bed contact time
(EBCT), which is the ratio of the volume of GAC to the volumetric flow rate. The critical
operational parameter is the reactivation time or run time to the controlling effluent treatment
objective. For the control of DBP precursors, typically measured as TOC, design EBCTs of
15 to 30 minutes are used and the GAC is operated until the effluent concentration ()}
reaches 30 to 70 percent of that in the influent (C,}). The EBCTs are chosen so that the
reactivation periods are at least 60 days. More frequent removal/reactivation of the GAC is
expensive and limits feasibility from an operational perspective.
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GAC is normally applied after the coagulation/sedimentation process and was
assumed to follow rapid media filtration for this evaluation (post-filter adsorption mode).
A GAC influent TOC range of 3 to 7 mg/L was evaluated and Table 3.2 lists the resulting
effluent TOC concentration values for a range of breakthrough ratios (C/C,).

TABLE 3.2

PREDICTED GAC EFFLUENT QUALITY FOR
A RANGE OF INFLUENT TOC CONCENTRATIONS

Influent Effluent TOC (mg/L)
(:;:,E) CiCy=03 | C/C,;=0.5 | C/C,=0.7
3 0.9 1.5 2.0
4 1.2 2.0 2.8
5 1.5 2.5 3.5
6 2.8 3.0 42
7 2.1 3.5 49

The same disinfection assumptions that applied to enhanced coagulation are also
applicable to post-GAC microbial inactivation (i.e., a 1:1 chlorine to TOC dose ratio, 60 and
120 minutes of free chlorine contact to yield 1 and 2 log Giardia inactivation, respectively;
free chlorine followed by chloramines for distribution system residual; no Cryptosporidium
inactivation with this chlorine/chloramine combination).

Ozone and GAC Treatment

It is important to note that GAC, by itself, will not remove pathogens. Therefore,
some systems, particularly in Europe, use GAC following ozone disinfection. In this
configuration, ozone provides a strong disinfectant and the GAC is used to control
biodegradable ozonation by-products through biological activity and to remove precursors
of chlorination/chloramination by-products through adsorption. Many of the biodegradable
ozonation by-products can be completely removed, and depending on the EBCT and water
quality conditions, the biodegradable organic carbon (BDOC) can be decreased fo the levels
in the water prior to ozonation. GAC has not been shown to be efficient, however, for
removing bromate using feasible design criteria in full-scale applications. This is discussed

in greater detail in Section 4.2.2.

3-7 DRAFT FINAL 5/15/98




Following ozone, GAC can be used in a steady-state mode where the GAC is
replaced at a very low frequency (once every 3 to 10 years) and a 20 to 30 percent removal
of DBP precursors can be expected. In an unsteady state mode, as described above, the GAC
is replaced more often (more than once per year) in which higher removal (30 to 70 percent)
of DBP precursors can be expected. In this evaluation of ozone and GAC, ozone is expected
to provide inactivation of Crypfosporidium, and chloramines will be applied after the GAC
to provide a distribution system residual. A free chlorine contact time of 5 minutes was
assumed sufficient to provide post-GAC inactivation of heterotrophic plate count bacteria,
prior to the application of ammonia.

In this evaluation, it was assumed that the ozone and GAC act somewhat
independently for the inactivation and removal of water quality contaminants. For example,
ozone can be used to inactivate Cryptosporidium; GAC does not appreciably remove
microbial contaminants. Ozone forms bromate; GAC does not adsorb bromate in feasible
full-scale applications. Ozone does not remove precursors for organically-based DBP
compounds (THMs and HAAs); GAC adsorbs these compounds. It is recognized, however,
that ozone creates biodegradable organic components which can be adsorbed by GAC,
thereby reducing the DBP formation potential through biodegradation. The amount of this
removal compared to direct adsorption of organic material is relatively small and within the
error of the estimates projected by the expert panel for GAC adsorption, alone.

3.2.4 Membrane Treatment

For simplicity, membrane treatment is divided into fwo categories in this evaluation:

1. Membrang filtration (e.g., microfiltration, ultrafiltration), which removes particles,
protozoan cysts (Giardia and Cryptosporidium), and some viruses. Membrane
filtration does not remove dissolved organic material, hardness, or ionic compounds
(e.g., bromide) to any significant degree.

2. Membrane softening (e.g., nanofiltration, reverse osmosis), which removes particles,
protozoan cysts, dissolved organic carbon, hardness, viruses and some ions (e.g.,
bromide). These “tighter” membranes must be preceded by particle removal to
reduce fouling. Recently, the use of nanofiltration and reverse osmosis for dissolved
organic carbon removal is challenging the traditional use for softening. RO
membranes provide more complete rejection of salt (e.g., chloride bromide) than NF
membranes.
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Membrane filtration and membrane softening differ in many aspects. In general,
capital costs for membrane softening are at least twice those for membrane filtration and
much higher operating pressures are required for membrane sofiening (80 to 200 psi) as
compared to membrane filters (15 to 30 psi). Therefore, the higher quality water produced
by membrane softening comes at a price.

Membrane Filtration

Membrane filtration is being evaluated in a wide array of drinking water applications.
The largest facility with an operating history in the United States is 2 5 mgd facility in San
Jose, CA. Larger facilities are under design, construction, and are being put on-line. Design
of a 28 mgd facility is underway with planned operation in 2000 in Del Rio, Texas.

Nevertheless, the use of membrane filtration for large plants (> 40 to 50 mgd) has not been

demonstrated and the feasibility is uncertain. Most MF/UF installations showing
demonstrated performance have modular units in the 1 to 1.5 mgd capacity range. Therefore,
large plants require a large number of treatment modules, which significantly increases
facility complexity.

The major advantage of membrane filtration is that, in the absence of coagulation,
it does not produce 2 chemically-treated waste product. Consequently waste disposal is
simpler. Further, the cost of membrane filtration is competitive with complete conventional
treatment. The feasibility of membrane filtration, however, is dependent upon the source
water. It performs best on low turbidity waters and waters low in TOC. Because membrane
filters do not remove dissolved compounds, additional pretreatment (i.e., coagulation,
flocculation and possibly sedimentation or flotation) must precede this technology if removal
of organic carbon is necessary. This may reduce the cost efficiency of membrane filtration
compared to conventional treatment.

Because membrane filters do not remove TOC or bromide, and because some virus
inactivation still is required after treatment, the use of ozone disinfection followed by a
chloramine residual in the distribution system will allow for the maximum flexibility in
source water quality diverted from the Delta. In this evaluation, it was assumed that
microfilter (MF) or ultrafilter (UF) membranes would follow existing, conventional

sedimentation. Assuming 1 log and 2 log virus removal credits for sedimentation coupled
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with MF and UF, respectively, additional 3 log (MF) and 2 log (UF) virus inactivations will
be required by ozone to meet regulatory requirements. The CT requirements for | and 2 log
virus inactivation by ozone are similar to that required for 0.5 log and 1.5 log Giardia
inactivation, respectively. Therefore, bromate formation stiHl is a concern using a membrane
filtration/ozone/chloramine treatment strategy. Consequently, it was assumed that an
ozonation pH of 6.5 would be required to maximize the flexibility in source water bromide
concentrations diverted from the Delta.

Instead of using ozone, it is possible to use free chlorine following MF or UF to
provide virus inactivation. The use of chlorine, however, introduces source water limitations
based upon TTHM and HAAS concentrations. Consequently, ozone was evaluated for
disinfection rather than free chlorination following membranes. In addition, it may be
possible to demonstrate a 4 log virus removal using UF, thereby eliminating any need for
supplemental primary disinfection. This would have to be demonstrated to the satisfaction

of the primacy agency.
Membrane Softening for DOC and Bromide Removal

There are a few membrane sofiening plants used for potable water treatment
throughout the country, mostly in Florida. The largest membrane softening application for
drinking water in the United States is 12 mgd. Slightly larger facilities have been
constructed for groundwater recharge in California.

NF/RO membrane provides distinct advantages compared to M¥/UF in that microbial
contaminants (Giardia, Cryptosporidium and some viruses), dissolved organic carbon and
bromide are all removed. There are two major issues which affect the feasibility of NF/RO
membrane treatment in California. One is the disposal of membrane concentrate and the
other is the volume of concentrate “wasted” from the system, which is much larger than that
“wasted” by MF/UF systems. In a water-short regions such as California, the reject of 15
percent of the source water volume may be considered unacceptable. Fﬁrther, this reject is
highly concentrated with dissolved ions, and therefore disposal options, other than the ocean
(if this can be environmentally permitted) are limited. Consequently, these considerations
must be carefully weighed when determining whether it is feasible to implement NF/RO
treatment.
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For softening membranes, it is assumed that existing conventional treatment available
at the CUWA treatment facilities, followed by cartridge filters, will provide sufficient
pretreatment. Research and full-scale operations suggest that NF treatment can achieve at
least 90 and 50 percent removal of TOC and bromide, respectively. It is recognized that RO
could provide even higher levels of bromide removal (up to 90 percent), but NF was used
as the limiting case in this evaluation. Further, it was assumed that membranes would be
treating the entire flow. It is recognized that many facilities by-pass a portion of the
membrane influent to achieve a target value for specific parameters (e.g., total dissolved
solids) to lower costs and reduce corrosivity. This refinement, however, is beyond the scope
of this effort as the extent of blending desired is site-specific.

Application of NF/RO is considered in combination with post-membrane chlorination
for both primary and secondary disinfection in this evaluation because of the generally good
quality (low TOC and TDS) of the treated water. Uniform formation conditions (UFC) were
used to simulate the distribution system conditions (Summers et al., 1996); 24 hour contact
time, pH 8.0, temperature of 20° C and a free chiorine residual of 1 mg/L after 24 hours.

3.3 CONCEPTUAL UNIT COSTS FOR TECHNOLOGIES

The technologies presented in this chapter have unique capital and operation and
maintenance (O & M) costs. In this section, conceptual unit costs for specific technologies
are provided. The estimates show a range of incremental costs, on a $/acre-ft (AF) basis
(e.g., the increased unit cost for water treatment), for enhanced coagulation, ozone
disinfection, granular activated carbon (GAC), membrane filtration (MF/UF), and membrane
softening (NF/RQ).

A range is provided to demonstrate that there is a spectrum of costs associated with
a given technology, which is highly dependent upon factors such as design criteria, system
size, and other site-specific factors. It must be emphasized that the costs presented here are
incremental costs, and do not include costs for other aspects of treatment. For example, the
membrane treatment costs do not include pretreatment, which will be considerable for

NF/RO treatment. It is possible that conventional treatment including filtration can provide
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adequate pretreatment for NF/RO, but the consistency of the pretreated water is critical for
the success of the NF/RO technology.

The range of costs presented are based upon the expert panel’s experience with
systems around the country and are consistent with costs prepared for the USEPA during
their development of the D/DBP Rule. These technology costs were peer-reviewed during
the regulatory megotiation in 1992-1993 and were deemed acceptable by water industry
representatives. Further, the costs were updated for the 1997 deliberations, and membrane
costs were modified to reflect the substantial improvements in technology since 1992.

The expert panel did not generate independent cost estimates for CUWA members,
as such costs are extremely site-specific and such an evaluation is not with the scope of this
effort. The costs presented in this Section were compared to costs developed by the
Metropolitan Water District of Southemn California for all techrologies, with the exception
of membrane filtration. When Metropolitan’s estimates are converted to unit costs (3/AF),
the vé.lucs fall within the range of costs presented here.

Table 3.3 provides unit costs for the technologies on a $/AF basis. These conceptual
costs include amortized capital costs (e.g., 20 year design period, 8 percent interest) added
to annual O & M costs. Again, these costs assume treatment of the entire facility flow,

without bypassing and blending.
Table 3.3
Conceptual Incremental Unit Cost Treatment
Incremental Cost
Treatment $/Ac-Ft
Enhanced Coagulation 16-34
Ozone 26-42
Granular Activated Carbon 100-210
MF/UF Membranes 140-250
NF/RC Membranes 340-650
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It is important to note that costs for controlling pH are not provided in the above
table. These costs are highly site-specific but can add $5 to $10/Ac-Ft to incremental costs. I
In addition, it is important to reemphasize that all incremental costs are highly dependent
upon many site-specific factors. A sample of potential factors affecting costs is presented l
in Table 3.4, :
Table 3.4 I
Some Factors Affecting Incremental Treatment Costs
Technology Example Factors Affecting Incremental Costs I
Enhanced Coagulation 1. System size ,
2. Existing coagulant dosage I
3. Required Coagulant dosage/pH :
4, Existing and feasible sludge disposal method
Ozonation L System size I
2, Oxygen feed source
3. Ozone dosage and pH conditions
4. Energy costs I
Granular Activated Carbon 1. System size
2. GAC reactivation frequency I
3 Method of reactivation/replacement
4. Energy costs
MF/UF Treatment 1. System size '
2. Operating philosophy
3. System configuration
4, Backwash disposal l
NF/RO Treatment 1. System size
2. Operating philosophy I
3. Energy costs
4, Concentrate disposal option
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4.0 EVALUATION OF SOURCE WATER QUALITY
AND TREATMENT EFFICIENCY

4.1  WATER QUALITY IMPACTS AND VARIABILITY

In this section, water quality constraints are described which will allow
implementation of specific treatment processes to meet potential regulatory goals. In
general, the water quality constraints will be described in terms of two measurable surrogate
parameters which affect DBP formation; TOC and bromide. In evaluating these water
quality variables and interpreting the results, it is important to recognize that:

1. TOC is a heterogeneous mixture, and is comprised of humic and fulvic acids and
other naturally-occurring organic material which varies from source to source and
from location to location within a source. Consequently, TOC from different
regions of the Delta will not have an identical impact on DBP formation. In this
effort, it was necessary to assume that TOC could be a unifying variable for organic
DBP precursor material, even given the inherent variability in the material which
comprises this parameter.

2. The extent to which bromide participates in DBP reactions is dependent upon its
oxidation state as well as its relative concentration with other competing oxidants
(e.g., chlorine). The following analysis is not stoichiometrically-based, but rather is
empirical in nature based upon measured formation rates and other data available to
the expert panel. )

3, The formation of DBPs is dependent upon many other water quality parameters
beyond TOC and bromide, alone. Some of these include temperature and pH. The
expert panel focused on TOC and bromide because it was assumed that management
alternatives for the Delta had the opportunity to affect these variables, and therefore
their control will influence subsequent DBP formation through treatment processes.
In the following presentation, bromide concentrations are provided in ug/L. Itis

recognized that bromide is often related to chloride concentration, as both are present in salt

water which can intrude into the Delta system. If chloride concentrations relevant to stated
bromide concentrations are of interest, the following conversion (Krasner et.al. 1994) can be

used:
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4.2 DISINFECTION BY-PRODUCT FORMATION

4.2.1 Halogenated Organic By-Products

To assist in assessing the formation of DBPs from treated water from the Delta, a
TTHM formation model developed for the Metropolitan Water District of Southem
California was used (Malcolm Pirnie Inc., 1993). The model was developed from 648 data
observations under bench-scale conditions using various blends of water diverted from the
Delta. A chlorine-to-TOC dose ratio of 1:1 and free chlorine contact times of 60 and 120
minutes (to yield 1 and 2 log Giardia inactivation, respectively) were used in the analysis.
A pH of 7.0, a temperature of 20° C and bromide concentration values of 50, 100, 150, 200
and 300 wg/L. were also used. These conditions were within the experimental boundaries of
the model. A more detailed description of the model is provided in Appendix A. The
predicted TTHM values are summarized in Table 4.1.

. The TTHM values were compared to the data supplied by the CUWA members, those
in the open literature, and with the experience of the expert panel. A sammary of the data
provided by the CUWA members is included in Appendix B. The available data and the
expert panel’s experience agreed well with values in Table 4.1.

HAAs are also formed under these reaction conditions. The Stage 1 and Stage 2
proposed TTHM MCLs of 80 and 40 ug/L, and HAAS MCLs of 60 and 30 ng/L,
respectively, yield a mass concentration TTHM-to-HAAS ratio of 1:0.75. The DBP data
supplied to the expert panel by the CUWA members indicate that the TTHM values exceed
the HAAS concentrations by greater than this ratio of 1:0.75 in 84% of the 160 cases where
paired TTHM and HAAS data were available. Other data from both research and full-scale
applications in waters containing at least 50 ug/L of bromide confirm these findings
(Summers, et. al., 1996, Cheng, et. al., 1995, Shukairy, et.al., 1994). Thus, it was concluded
that TTHMs are the DBP of regulatory concem for this evaluation of organic DBP precursor
removal. It is important to note, however, that HAAS represents only five of the nine HAA
compounds and three of the four remaining are mixed bromo-chloro compounds which have
been shown to have significant levels of formation in bromide containing waters (Cowman
and Singer, 1996). If HAAG or even HAA9 were to become regulated, then the controlling

parameters and values could be affected. Further, for source water bromide levels
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‘ TABLE 4.1
. PROJECTED TTHM FORMATION FROM TREATED WATER
TTHM Formation (ug/L)
Treated TOC (mg/L) | Bromide (1.g/L) | 1 hr. contact 2 hr. contact

. 2.0 50 23 28

100 26 31

150 28 33

. 200 3 36

300 36 43

2.25 50 26 31

Il 100 29 £

150 31 3%

200 EY] a1

300 40 a8

II 3.0 : 50 34 a1

100 18 a5

150 a1 49

] 350 s &

300 53 ' 63

3.25 50 37 a4

ll 100 40 48

150 a4 53

200 a8 57

- 300 57 68

3.9 50 13 52

100 47 57

' 150 53 52

200 56 67

300 66 79

455 50 49 59

100 54 65

_ 150 59 71

200 64 77

' 300 76 50

- 5.2 50 55 66

100 61 72

’ 150 66 79

200 72 86

300 85 101

' 54 50 57 68

100 62 75

150 68 82

’ 200 75 89

360 37 104

6.0 50 62 74

100 68 BI

i 150 75 80

200 31 97

F 300 95 114
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considerably lower than 50 rg/L, it is recognized that HAAS may control over TTHM
(Cowman and Singer, 1996). These low bromide values were not considered relevant for
this study.

A 20 percent safety factor on THM and HAAS production was used in determining
the source water conditions which would result in the target DBP concentrations following
treatment. Thus a target TTHM concentration value of 64 .g/1. (80% of 80 ug/L) was used
for Stage 1 evaluations and 32 ug/L (80% of 40 n.g/1) was used for Stage 2 evaluations.

4.2,2 Bromate Formation and Removal

Bromate Fopmation

The formation of bromate by ozone has come into focus only recently. The ultimate
MCL for this compound is of critical importance to facilities which have bromide in their
source water and are currently using, or anticipating the use of, ozone for drinking water
treatment. Even small concentrations of bromide (< 50 wg/L) can result in measurable
concentrations of bromate after ozonation. Therefore, the expert panel carefully evaluated
available data from the CUWA members, other available literature, and ongoing research
on bromate formation to evaluate potential source water constraints. Based upon these data,
the expert panel arrived at initial conclusions regarding potential source water bromide
concentrations which would be required to limit bromate formation within the potential
regulatory scenarios in Chapter 2.

Unfortunately, bromate formation is strongly dependent upon the nature of the
experimental system design (e.g., bench versus pilot or full-scale). In addition, bromate
formation depends upon ozone dosage and residual, which is often specific for full-scale
facilities, making the direct comparison of these data difficult. Therefore, a bromate model
(Ozekin, 1994) was utilized to systematically evaluate the impact of ozone dose, bromide,
TOC and pH on the formation of bromate and thereby supplement the available literature
(Shukairy et.al., 1994), data supplied by the Alameda County Water District, Contra Costa
Water District, Santa Clara Valley Water District, and Metropolitan Water District of
Southern California, and the expert panel’s experience. The model was developed from data
from several source waters including water diverted from the Delta, including results from
source waters containing bromide concentrations between 70 1.g/L and 440 pg/I.. A contact
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time of 12 minutes was chosen and the concentrations of TOC, bromide, ozone dose and pH
were varied over representative ranges as discussed in Chapter 3. At each pH, three ozone:
TOC ratios were estimated to provide the following levels of inactivation; 1 log Giardia, 2
log Giardia and 1 log Cryptosporidium. The dose of ozone estimated for these inactivations
decreases with decreasing pH as a higher ozone residual is maintained at the lower pHs. The
resuits of the modeling supported the initial conclusions reached by the Panel based upon the
available literature and review of the CUWA data. A more detailed description of the model
is provided in Appendix A.

Figure 4.1 illustrates bromate formation as a function of source water bromide and
ozonation pH. Relationships are shown for 1 and 2 log Giardia inactivation for both 5 and
10 pg/L bromate standards, and 1 log Cryptosporidium inactivation for a 5 zg/L bromate
requirement.

Bromate Removal

Bromate removal after ozonation has been studied for the following technologies:

. Ferrous salt coagulation

. Reduction on a GAC surface

. UV Irradiation

It is important to recognize that research on bromate removal mechanisms 1s
relatively new and has only been conducted for about the last five years. Conseguentiy, the
technologies presented below have been evaluated on a laboratory scale and published
literature on full-scale applications is not available. It is premature to consider that these
bromate removal technologies could be implemented reliably and cost-effectively on a full-
scale basis.

Ferrous Salt Coagulation

Based on results of an AWWARF project conducted at the University of Colorado
and currently in press, ferrous salts have been evaluated as a bromate removal technique
with pre-ozonation. Up to 50 to 70 percent removal was reported though filterability
problems (turbidity and particle breakthrough) were experienced. Ferric addition in
conjunction with ferrous salts somewhat circumvented these filterability problems, though

the issue has not yet been sufficiently evaluated. Bromate levels after ozonation ranging
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from 20 to 50 ug/L were reduced to below 10 «g/L.. Consequently, it is not certain whether
© a5 ug/L limit conld be met (this depends, in part, on levels exiting the ozone contactor).

Reduction on a GAC Surface

Bromate removal in 2 GAC contactor is expected to be a two step process in which
the bromate is first adsorbed onto the GAC and subsequently is reduced to bromide. Almost
complete bromate removal can be expected on a fresh GAC bed. The adsorption and
chemical reduction, however, rapidly reaches a steady state with a reduction in removal
percentage of bromate from the influent water. The time to reach a steady state varies as a
function of empty bed contact time (EBCT). In general, the rapid breakthrough shown to
date would result in very short reactivation frequencies that would be difficult to implement
on full-scale.

Expected bromate removals are based upon rabid small-scale column test (RSSCT)
experiments without biological activity. The effect of biological activity on bromate removal
is not known. Additional research is being currently conducted to study these effects.

UV Irradiation

UV irradiation from medium pressure mercury lamps has been found to be effective
in the removal of bromate. Limited bench top continuous flow experiments have been
performed thus far (Siddiqui and Amy, 1994). A contact time of less than 10 minutes
combined with at a UV dose of 600 mW-sec/cm’ was found to reduce 50 to 100 ug/L. of
bromate to less than 2 up/L. Although this technology has been effective on a bench scale,
the cost-effectiveness and reliability of UV in large scale application has not been
demonstrated or completely evaluated., This technology has not been applied for any
purposes at drinking water facilities the size of those operated by the CUWA members.

43 SOURCE WATER QUALITY FOR REGULATORY SCENARIOS

In the following discussion, source water quality in terms of TOC and bromide is
estimated based upon the implementation of specific treatment technology (defined in
Chapter 3) and the potentiﬁl regulatory outcome (described in Chapter 2). Source water
concentrations of TOC were evaluated between 2 and 7 mg/L. The 7 mg/L value represents
the 90 percentile for TOC concentrations diverted from the Delta. Bromide concentrations
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were evaluated up to 300 xg/L, as this was aiso considered a practical maximum in this
evaluation. The data presented here are summarized in Section 4.5 both in tabular and
graphical form.

4.3.1 Stage 1 D/DBP Rule and IESWTR

Enhanced Coagulation

For enhanced coagulation, source water TOC concentrations in the range of 3 to 7
mg/L. and bromide concentrations of 50, 100, 150, 200 and 300 ug/L were evaluated. As
discussed in Chapter 3, an alum dose of 40 mg/L at a coagulation pH of 7.0, and possibly as
low as 6.5, was projected to be required to meet the TOC removal requirements. These TOC

removal requirements, which are a function of influent alkalinity and TOC concentrations,

and the resulting effluent TOC concentrations are shown in Table 4.2.
TABLE 4.2

DETERMINATION OF TREATED WATER TOC
FOR ENHANCED COAGULATION

Influent TOC Required Removal Treated TOC
(mg/L) (Ve) (mg/L)
3 25 2.25
4 25 30
5 35 325
6 35 39
7 35 455

To assess the TTHMs formed from the chlorination of effluents with this TOC range,
the results in Table 4.1 can be utilized to draw the following projections:

1. For a 1 log Giardia inactivation using free chlorine for 60 minutes following
enhanced coagulation, it was projected that the following water quality conditions
would permit compliance with the stage 1 TTHM target of 64 xg/L in the regulatory

scenario:
Raw Water TOC Bromide Concentration,
Concentration, mg/L ug/L
<7 <150-200
<6 <200
<5 <300
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2. For a 2 log Giardia inactivation using free chlorine for 120 minutes following
enhanced coagulation, it was projected that the following water quality conditions
would permit compliance with the stage 1 TTHM {arget of 64 ug/L in the regulatory

scenario:

Raw Water TOC Bromide Concentration,
Concentration, mg/L ug/L
<7 <50-100
<6 <150
<5 <200
<4 <300

For both of the above scenarios, certain combinations of raw water TOC and bromide
concentrations that lie between the bounded concentration ranges are also projected to meet
the target DBP values. For example,l raw TOC concentrations between 6 and 5 mg/L and
bromide concentrations between 200 and 300 1g/L, are projected to meet the DBP target
values under a 1 log Giardia inactivation.

Qzone Disinfection

Bromate formation is the limiting DBP (as opposed to TTHM and HAAS) for the
ozone treatment and disinfection strategy specified in this evaluation. It is the opinion of the
expert panel that the controlling source water quality parameter for the formation of bromate,
in the context of this evaluation, is bromide. It is recognized that higher concentrations of
TOC will result in higher ozone dosages to achieve a given CT, and, as a result, may increase
the concentration of bromate formed depending upon ozone residual, bromide concentration
and potentially other parameters such as contactor design. Higher ozone dosages as a result
of higher TOC also result in increased capital and operational costs for ozone treatment.
Further, TOC can also be limiting to the extent that the biodegradable material, formed by
the reaction between ozone and naturally-occurring organic matter (NOM), is not completely
controlled through biofiltration, thereby creating an undesirable regrowth potential in the
distribution system. The extent to which regrowth will be a problem is a function of the
distribution system design, as well as disinfectant residuals maintained and other water
quality parameters which are agency-specific. Nevertheless, sufficient data were not
available to isolate the impact of TOC on bromate formation, in the absence of variation in

bromide, pH and other water quality factors.
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Based upon the data supplied by the CUWA. members and other bromate formation

studies and the model results, the expert panel concluded:

1.

A bromate standard of 10 ug/L is restrictive at ambient pH values. At pH 7.8
(ambient for some pre-ozonated waters) it is projected that a bromide level of 50
#g/L or less would be needed to meet a bromate standard of 10 rg/L for 1 log
Giardia inactivation. This bromate standard could not be met for ozone dosages
providing 2 log Giardia inactivation at ambient pH.

Lowering the pH of ozonation is an effective means of reducing bromate formation.
If the ozonation pH were lowered to 6.5, then a 10 ug/L level of bromate may be
achievable with:

. 1 log Giardia inactivation in the bromide range of less than 500 p.g/L.
Y 2 log Giardia inactivation in the bromide range of less than 300 ug/L.

The potential for reliably meeting bromate standards using the bromate removal
technologies currently being evaluated is unknown at this time. Although some
technologies show promise, many have been demonstrated only on bench scale and
the understanding of full-scale feasibility is limited. Consequently, the expert panel
does not propose the use of bromate removal techniques as a well-understood and
currently feasible and reliable method for increasing the allowable source water
concentrations for bromide.

Limiting TOC concentrations were not estimated because of the limited availability
and robustness of the data illustrating the impact of TOC on bromate formation, in
the presence of bromide. It should be recognized, however, that higher TOC
concentrations translate to higher ozone dosages to meet a given disinfection
criterion and thereby can result in higher bromate formation. This is empirically
validated in reviewing bromate formed during settled water ozonation as opposed to
raw water ozonation. In general, when TOC concentrations are lower at a given
facility, ozone dosages to achieve a given disinfection requirement are lower, and
measured bromate concentrations are lower. Lower pH in settled water also helps
reduce bromate concentrations.

The expert panel recognizes that there are variations in bromate production data and

therefore looked for indications relating to threshold behavior. That is, evaluating source

water bromide concentrations which result in a clear increase in bromate concentrations for

a given set of ozonation conditions. Given some variation in the formation of bromate

reported at lower source water bromide concentrations (< 50 xg/L), the expert panel took a

position of plausible conservatism.
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GAC and Membrane Treatment

It was the opinion of the expert panel that, given the relative flexibility that enhanced
coagulation and ozone disinfection provided to meet the near-term regulatory scenario,
CUWA members would not implement GAC or membrane treatment for this potential
regulatory outcome. Consequently, source water quality limitations were not developed for

these technologies in the near-term regulatory scenario.

4.3.2 Stage 2 D/DBP Rule and LT2SEWTR

Enhanced Coagulation

Using the same approach taken for the stage 1 D/DBP Rule and IESWTR, the
following projections can be made for source water quality when using enhanced coagulation
to achieve the potential long-term regulatory outcome:

1. For a 1 log Giardia inactivation using free chlorine for 60 minutes following
enhanced coagulation, it was projected a raw water TOC concentration < 3.0 mg/L
and a bromide concentration < 150 ug/L would permit compliance with the Stage 2
TTHM target of 32 ug/L in the regulatory scenario.

2. For 2 2 log Giardia inactivation using free chlorine for 120 minutes following
enhanced coagulation, it was projected that a raw water TOC concentration < 3.0
mg/L and a bromide concentration <50 rg/L would permit compliance with the
TTHM target concentration of 32 ug/L in the regulatory scenario.

Qzone Disinfection
The estimates illustrated in Figure 4.1 were again used to evaluate potential source

water limitations using ozone disinfection in the long-term regulatory scenario. The expert
panel arrived at the following conclusions:

1. A bromate standard of 5 ug/L is very restrictive at pH values above 7. At pH 7.8
{ambient for some pre-ozonated waters) it is projected that this standard will not be
met for any of the potential microbial inactivation requirements.

2. If the ozonation pH were lowered to 6.5, then a 5 ug/L level of bromate may be

achievable with:
. 1 log Giardia inactivation in the bromide range of less than 200 .:g/1..
. 2 log Giardia inactivation in the bromide range of 100 to 150 ug/L.
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. 1 log Cryptosporidium inactivation with a bromide concentration of less than
50 wgf/L.
3. The potential for reliably meeting bromate standard using the bromate removal

technologies currently being evaluated is unknown at this time. Although some
technologies show promise, many have been demonstrated only on bench scale and
the understanding of full-scale feasibility is limited. Consequently, the expert panel
did not propose the use of bromate removal techniques as a well-understood and
currently feasible and reliable method for increasing the allowable source water
concentrations for bromide.

4. Limiting TOC concentrations were not estimated because of the limited availability
and robustness of the data illustrating the impact of TOC on bromate formation, in
the presence of bromide. It should be recognized, however, that higher TOC
concentrations translate to higher ozone dosages to meet a given disinfection
criterion and thereby can result in higher bromate formation. This is empirically
validated in reviewing bromate formed during seftled water ozonation as opposed to
raw water ozonation. In general, when TOC concentrations are lower at a given
facility, ozone dosages to achieve a given disinfection requirement are lower, and
measured bromate concentrations are lower. Lower pH in settled water also helps
reduce bromate concentrations.

GAC Treatment

In assessing the use of GAC to meet the Stage 2 TTHM target of 32 ug/L, several
constraints were used. The values in Table 4.1 suggest that the treated water TOC
concentration must be below about 2.5 mg/L to approach this TTHM target within the range
of bromide concentrations evaluated. To achieve this level of TOC in the finished water then
the GAC influent TOC must be below 5.0 mg/L at a breakthrough (C/C,) of 0.5, (see Table
3.2). As shown in Table 4.3, an EBCT of 20 minutes or greater is needed to achieve this
effluent concentration while maintaining run times greater than 60 days (Summers et al.,
1994, Hooper et al., 1996).
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TABLE 4.3

ESTIMATED TIME TO 50 PERCENT BREAKTHROUGH
AT DIFFERENT GAC EMPTY BED CONTACT TIMES

Influent Effluent Time to 50% Breakthrough (days)
TOC TOC EBCT (min) | EBCT (min) | EBCT (min)
15 20 30
3 15 62 83 124
4 2.0 47 68 03
5 2.5 38 50 75
6 3.0 32 42 63
7 3.5 27 36 54

The assumption of 10 to 15 percent TOC removal by the coagulation process prior
to GAC yields a maximum raw water TOC of 5 mg/L for the GAC use scenario.

Using the results in Table 4.1 the following projections can be made based on the
above analysis:

1. For a 1 log Giardia inactivation using free chlorine for 60 minutes following
conventional coagulation and GAC, it was projected that a raw water TOC
concentration of < 5 mg/L and a bromide concentration of < 150 ug/L would penmnit
compliance with the Stage 2 TTHM target of 32 ug/L in the regulatory scenario.

2. For a 2 log Giardia inactivation using free chlorine for 120 minutes following
coagulation and GAC, it was projected that a raw water TOC concentration of < 5
mg/L and a bromide concentration of <50 wg/L would permit compliance with the
stage 2 TTHM target of 32 ng/L in the regulatory scenario.

Higher GAC influent TOC concentrations can be used with breakthroughs (C/C,)
lower than 0.5 to achieve effluent TOCs lower than 2.5 mg/L. For example an influent TOC
of 6 mg/L and a C/C, of 0.4 yields a GAC effluent of 2.4 mg/L. The run times are below 60
days, however, even at an EBCT of 30 minutes. The run time at a C/C, of 0.4 is about 20
percent shorter than that at 0.5 (Summers and Hooper, 1997 unpublished data).

As discussed in Section 3.2.3, ozone can be used in combination with GAC to
enhance disinfection and provide a good medium to remove biodegradable organic carbon
(BDOC) formed by the application of ozone. Because of the particular constituents of

concern in this evaluation, it was assumed that ozone and GAC operate somewhat
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independently for microbial inactivation and removal of water quality contaminants. This
particular treatment scenario allows GAC to be used when Cryptosporidium inactivation is
required.

For GAC in combination with ozone, source water TOC can increase up to at least
7 mg/L (the 90% percentile for water diverted from the south Delta). Bromide concentrations
using
ozone at a pH of 6.5 are limited to <200, 100 to <150, and <50 ng/L for 1 log Giardia, 2 log
Giardia, and 1 log Cryptosporidium inactivations, respectively.

The source water for this combined treatment is limited by the ozonation process for
bromide. For TOC values approaching 7 mg/L there is a concern that the TTHMs formed in
the five minutes of contact with free chlorine will exceed the Stage 2 target. However, there
are few TTHM formation data available at contact times as short as this. In addition there
is concern that the GAC will be able to adequately control BDOC. High levels of ozonation
by-products in the distribution system can lead to microbial regrowth, although currently
these compounds are not regulated.

Membrane Treatment

As discussed in Chapter 3, two types of membrane treatment can be considered;
membrane filtration and membrane softening. Because both of these processes represent
“absolute barriers” to Giardia and Cryptosporidium, the source water quality does not vary
based upon the extent of protozoan removal required. Based upon this understanding, the
following projections were made:

1. For microfiltration, ozone, and chloramine treatment, it was assumed that ozone
would be required to provide 3 log virus inactivation. This corresponds to CT values
which are similar to 1.5 log Giardia inactivation. To provide the greatest degree of
flexibility for source water bromide concentrations, it was assumed that ozonation
would be conducted at pH 6.5. Referring to Figure 4.1, this results in a limiting
source water bromide concentration of < 150 ug/L. A specific limit for source water
TOC was not estimated for this treatment scheme. For TOC values approaching 7
mg/L (the 90" percentile for water diverted from the south Delta) there is a concern
that biological filtration will be able to adequately control BDOC. High levels of
ozonation by-products in the distribution system can lead to microbial regrowth,
although currently these compounds are not regulated.
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2. For ultrafiitration, ozone, and chloramine treatment, it was assumed that ozone would
be required to provide 2 log virus inactivation. This corresponds to CT values which
are similar to 0.5 log Giardia inactivation. To provide the greatest degree of
flexibility for source water bromide concentrations, it was assumed that ozonation
would be conducted at pH 6.5. This results in a limiting source water bromide
concentration of < 300 xg/L.. A specific limit for source water TOC was not
estimated for this treatment scheme. For TOC values approaching 7 mg/L (the 90*
percentile for water diverted from the south Delta) there is a concem that biological
filtration will be able to adequately control BDOC. High levels of ozonation by-
products in the distribution system can lead to microbial regrowth, although currently
these compounds are not regulated.

3. For the application of nanofiltration followed by free chlorine addition for
distribution system residual maintenance, TOC is limited by the extent to which
TTHMs are formed in the distribution system. Under these conditions, the treated
water TOC should be below 1 mg/L and the bromide level below 0.15 mg/L, as
predicted by uniform formation conditions (Sumemers et. al., 1996). Assuming a 90
percent TOC removal and a 50 percent bromide removal by nanofiltration, a source
water TOC of up to 10 mg/L is estimated at all source water bromide levels
examined (< 300 wg/L).

44 IMPACT OF OTHER POTENTIAL REGULATORY OUTCOMES

44.1 Introduction

This section describes the impact of other potential regulatory outcomes on treatment
requirements and/or allowable source water quality. It was not possible for the expert panel
to evaluate all of the potential scenarios and the most plausible were discussed in Chapter
2. This section discusses broad trends based upon regulatory outcomes that were conceived
during the regulatory negotiations, as affected by recent developments.

4.4.2 Lower MCLs and/or Maximum MCLs foi' Halogenated Organic
Compounds

Plausibility: The current placeholder values could possibly go lower based on new
health effects research. First, THM and HAA levels might be lowered. EPA has been
conducting research on reproductive effects that may be associated with various THM and
HAA species. Given the intense concern expressed during reg-neg over the New Jersey

epidemiology studies and the potential associations with neural tube defects, lower MCLs
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than the 40 ug/L and 30 ug/L would be plausible. In addition, a recently released study
based in California developed an association between TTHM, individual THM compounds,
and spontaneous abortion. Because this is considered an acute affect, this increases emphasis
for considering a maximum value for DBPs, rather than a running annual average. Second,
the current bromate MCL is based on what was considered to be the Practical Quantitation
Level (PQL). Much effort is being focused on improving the method which could lead to
a lower MCL, especially given the toxicology which suggests the high carcinogenic potency
of bromate. Third, HAA regulatory levels are currently based on five species. There are,
however, four other species that can form in the presence of bromide. Such compounds
could dramatically increase the total HAA. Due to the apparently greater potency, it is
possible that the MCL for total HA As may decrease, though they may increase.

Impacts: Lower MCLs, or maximum rather than runming annual average values, for
THM or HAA will require either TOC or bromide to be reduced. A lower bromate PQL
would require lower ozonation pH, depending on the actual level. But a very low level (e.g.,
less than 1 ug/L) could make use of ozone prohibitive.

4.4.3 MCLs For Individual DBP Species

Plausibility: A wide variation in relative potency of individual species within a given
class has been observed. For example, bromodichloromethane is much more potent than
chioroform, and has been associated with spontaneous abortion in a California based study.
its metaiaolism 18 more rapid leading to higher tissue concentrations, it has a greater capacity
for binding proteins and lipids and the mutagenic response is much greater.  These types of
observations, particularly associated with bromine substitution in the place of chlorine-
intensifying toxicity, lends credence to regulating individual species rather than broad
chemical classes. Further, EPA recently proposed increasing the MCLG for chloroform from
zero to 300 ug/L, thereby recognizing threshold behavior for carcinogens. These differences
provide emphasis to regulating individual DBPs.

- Implications: Low MCLs for species such as bromodichloromethane could preclude

the use of chlorine for primary disinfection in waters containing measurable amounts of

bromide. Membrane filtration, which requires some inactivation of virus, would require an
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alternative disinfectant to chlorine (e.g., ozone). Enhanced coagulation would be of marginal
benefit. GAC would still be relevant though it would need fo be evaluated in light of the

proposed levels.

4.4.4 DBPs Other Than THMs and HAAs Are Regulated

Plausibility: While there are a variety of DBPs, resources for health effects research
are currently directed on the brominated analogues of the haloacids and trihalomethanes, not
new compounds. Regulations for DBPs such as chloral hydrate, chloropicrin, haloketones
or halocetonitriles are not anticipated.

Implications: 1t is not possible to evaluate the impacts of what appear fo be less
plausible reguiatory outcomes, based upon the likelihood of health effects data supporting
such regulation. In general, the more DBPs that are regulated, the greater the constraints on

treatment technology and source water quality.

44.5 Regulating for a Minimum Total Risk; the “Risk Bubble”

Plausibility: Each technology results in a different mixture of DBPs in terms of
relative concentrations. An individual MCL approach does not recognize this and does not
allow for DBP - DBP fradeoffs. For example, chlorine will produce greater concentration
of chlorinated, brominated and mixed bromo-chloro organics than ozone. Ozone, however,
will produce more bromate and oxygenated compounds (e.g., aldehydes, ketones, carboxylic
acids). In order to determine the lowest risk associated with the treatment options, it has
been argued that a more comprehensive approach is needed, one that considers the wide
array of by-products produced, not simply focused on THMs or HAAs. To this end, various
approaches have been proposed and have recently been re-discussed in the stakeholder
meetings. It has also emerged as part of the comparative risk framework currently being
considered by EPA.

Implications: A mixtures approach may allow for greater flexibility in technology

choice.

4-16 DRAFT FINAL 5/15/98




4.4.6 Implication of a Reproductive Endpoint

Plausibility: As there are some indications that reproductive health effects are
associated with certain DBPs and that the exposures of interest (e.g., spontaneous abortion)
are short-term rather than long-term (i.e., cancer). The current practice of running annual
averages of quarterly samples for calculating compliance may not be appropriate. More
frequent monitoring and enforcing of maximum levels could be required. Individual MCLs
may also be prompted.

Implication: Going from running averages to maximum acute levels may decrease
the range and variability of source water quality permissible. This would provide greater
restrictions on the ability of all unit processes to meet water quality requirements and would
lower the allowable TOC and bromide concentrations, and the allowable variability,
depending upon the maximum values established.

44.7 Summary of Alternative Regulatory Scenarios

As with the wide array of issues being addressed as part of the overall Delta process,
there is no single ‘best’ solution in formulation of future drinking water regulations -- there
are a vartety of trade-offs which need to be considered. It will be important that CUWA

continue to keep these issues before the negotiated rulemaking committee.

45 SUMMARY

4.5.1 Summary of Source Water Quality Constraints

Table 4.4 summarizes projected source water quality requirements for TOC and
bromide, depending upon the technology applied. In reviewing the values presented in this
table, it is evident that there are various water quality constraints for TOC and bromide
depending upon the technology used, the DBP concentrations allowed, and the level of
microbiological inactivation required. As stated previously, which technology is
implemented is agency-specific, and is dependent upon a host of constraints related to cost,

permitting issues and residual disposal.
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TABLE 4.4
SUMMARY OF SOURCE WATER QUALITY CONSTRAINTS o
MICROBIAL INACTIVATION REQUIRED
TREATMENT SCENARIQ/ 1 Log Giardia 2 Log Giardia 1 Log Cryptosporidium
DISINFECTION STRATEGY Inactivation Inactivation Inactivation @
, TOC Bromide TOC Bromide TOC Bromide
II' mgD) | o) | mgl) | o) | ey | Gl
' Potentiat Near-Term Regulatory Scenario
Il Enhanced coagulation with fiee <7 <150-200 <7 <50-100
l chiorine/chloramines <6 <200 Zg :;gg
~ <5 <300 <4 300
II' QOzonation with atpH 7.8 N/E® <50 N/E® N/AYM
Chloramines at pH 6.5 N/E® <500 N/E® <300
I‘ Potential Long-Term Regulatory Scenario
Enhanced coagulation with free <3.0 <150 <3.0 <50 N/A® N/AP)
chlorine/chloramines
I' Ozonation with atpH 7.8 N/E® N/A N/E® N/A® N/E® N/AW
chloramines atpH 6.5 NE® | <200 NED | <100to 150 | N/E® <50
Granular Activated Carbon (GAC) <5 _ <150 <5_ <50 NJ’A‘_” NIAG
II GAC With Ozone at pH 6.5 N/E & <200 N/E® <100-150 NfE(f <50
Membrane MF with Ozone N/E® <150 N/E® <150 NfE"_’ <150
Treatment UFE with Ozone N/E® <300 N/E@ <300 N/E® <300
Nanofiltration | <10 mg/L <300 <10 mg/L <300 <300
<10 mg/L
Notes:
1. Source water quality constraints are based upon achieving: 80 pg/L of TTHM, 60 pg/L of HAAS, and

10 pg/L of bromate for Stage 1 and 40 pg/L of TTHM, 30 pg/L of HAAS, and 5 pg/L of bromate

for Stage 2, using the treatment and disinfection conditions presented in Chapter 3.

1 log Cryptosporidium inactivation is not a part of the potential near-term regulatory scenario.

N/E = Not estimated. Limiting TOC concentrations were not estimated because of the availability

and robustaess of the data illustrating the impact of TOC on bromate formation, in the presence of

bromide. It should be recognized, however, that higher TOC concentrations translate to higher ozone
dosages to meet a given disinfection criterion and thereby can result in higher bromate formation.

It is important to note that when ozone disinfection is used for treatment, the allowable TOC is not

unlimited. There are concerns regarding the ability of biological filters or GAC to remove BDOC to

adequate levels as TOC approaches 7 mg/L (the 90 percentile for water diverted from the Delta).

In general, ozone disinfection is more effective and reliable as TOC decreases.

4. N/A =Not achievable. Bromide concentrations would have to be considerably less than 50 pg/L to
achieve a bromate concentration of 5 or 10 pg/L. Data to determine the necessary bromide
concentration relevant to this study were not available.

5. N/A = Not achievable. At this time, it is considered that free chlorine can not inactivate
Cryptosporidium at dosages practical in water treatrent.

w
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4.5.2 Summary of Compliance Choices

Instead of presenting the data in a table which summarizes the allowable TOC and
bromide concentrations as a function of different treatment processes for a given regulatory
scenario, it is often helpful to graphicaily illustrate the technology that can be implemented,
as a function of source water TOC and bromide, for a given regulatory scenario. That is,
illustrate the area in which a given technology will allow compliance with a regulatory
outcome, using a two-dimensional graphic illustrating bromide on the X-axis and TOC on
the Y-axis. Therefore, the applicability of technologies in a given regulatory scenario as TOC
or bromide increase can be visualized. A comparison of relationships for different regulatory
scenarios illustrates how this “compliance forecast” changes when regulations change. It is
important to note that the boundaries between technologies are not hard lines, but rather
“transitional” regions. The absolute water quality boundaries which trigger the need for a
different technology are extremely utility specific, and also are variable within a utility,
itself, as criteria which effect technology selection other than water quality change.

Figure 4.2 illustrates the compliance forecast for the Stage 1 D/DBP Rule and
IESWTR, for I and 2 log inactivations of Giardia. This figure illustrates that enhanced
coagulation and ozone treatment can be used to meet the requirements up to TOC and
bromide concentrations of 7 mg/L and 300 p.g/L, respectively. In this figure, the colored
area represents the region in which it is feasible to use the associated technology for
combinations of TOC and bromide. For example, the yellow area describes the region in
which ozone at pH 6.5 would be used for specific combinations of TOC and bromide, as
opposed to enhanced coagulation. The gradual transition, and region of uncertainty, for
combinations of TOC and bromide which require different technologies are also illustrated.
The regulatory allowance to provide prechlorination with enhanced coagulation, which
increases DBP production, has the impact of reducing the feasible region for enhanced
coagulation. Which technology is selected in this transition zone is highly utility specific.

Figure 4.3 illustrates the compliance forecast for the potential Stage 2 D/DBP Rule

and LT2ESWTR, for inactivations of 1 log Giardia, 2 log Giardia, and 1 log

Cryptosporidium. In this figure, regions of technology application for enhanced coagulation,

GAC, ozone and membranes (recall that the maximum bromide concentration for
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microfiltration coupled with ozone is 150 ug/L) are illustrated. Individual systems may
determine that other water quality benefits merit the use of more expensive technologies for
certain water quality regions that are shown with less expensive technologies (e.g., ozone as
opposed to enhanced coagulation; membranes as opposed to GAC). The figure was prepared
to show “least cost” technology application, based upon the range of conceptual costs
presented in Section 3.3. It is important to note that the region of feasibility for membranes
in Figure 4.3 does not differentiate among MF/UF or NF/RO membranes. In general, only
MF is somewhat limited for bromide when using ozone for virus inactivation. Table 4.4
summarizes these source water bromide limitations for MF.

It is evident that as the level of microbial inactivation increases, the technologies
which may be used to meet the applicable regulation decreases. Of particular interest is that
for a Stage 2 D/DBP Rule and LT2ESWTR which requires 1 log inactivation of
Cryptosporidium, membrane technology plays a significant role in compliance choices.

As stated in Chapter 3, it is recognized that the above source water quality constraints
are based upon the design criteria proposed, such as ozone:TOC dose ratios, ozone contact
time, and single, multi-chamber contactor configuration. Other facility configurations, such
as two-stage ozonation (e.g., ozone added at raw and settled water) and longer ozone contact
times may yield different, and possibly more liberal, source water quality constraints. The
source water quality constraints presented here are based upon typical ozone system designs
throughout the country.

4.5.3 Concluding Remarks

The expert panel is aware of the significance of bromate in establishing limiting
bromide levels in this evaluation. There are many factors that contribute to the uncertainty
surrounding the projected numbers, including relatively few studies which have evaluated
bromate formation in low bromide waters (< 50 ug/L), variations in treatment conditions
which may reduce bromate formation (e.g., using both pre- and post-ozonation to reduce
ozone dosages at any single location), and potentiaily lower CT values for ozone. It is the
selected level of 5 wg/L in the long-term regulatory scenario, however, that most keenly
influences the analysis. The rationale for this level (i.e., advances in detection limit, the

weight of the carcinogenic evidence, the precedence for THM and HAAS limits in Stage 2
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at half the Stage 1 levels) in this analysis may be modified by a variety of factors including:

. A bromate versus brominated organic compound trade-off (i.e., addressing the
difference between DBPs formed with ozone versus those formed with chlorine).

. Evidence of a cancer threshold for bromate (investigations underway).

On the other hand, there are other potential regulatory outcomes involving 1) further
lowering the MCLs for DBPs, 2) the regulation of individual DBP species (rather than the
groups of compounds represented by TTHM and HAAS due to the potentially more severe
health effects associated with brominated compounds), 3) regulating other DBPs beyond
TTHMSs and HAAS, including the addition of other HAAs (there are nine total) as analytical

methods are developed and refined, 4) a comparative risk framework which balances all of _

the risk attributable to the DBPs formed, rather than providing specific MCLs for each group,
and 5) concerns over reproductive and developmental effects that may be associated with
DBPs, which may lower the regulatory levels and/or the permissible maximum concentration
(i.c., annual averaging may no longer be the basis for determining compliance).

Given this understanding, if flexibility were provided to all agencies to implement
either enhanced coagulation or ozone to meet the potential long-term regulatory scenario,
then it is projected that a TOC of < 3.0 mg/I. and a bromide of < 50 #g/L in water diverted
from the Delta would be necessary. The TOC value is constrained by the formation of total
trihalomethanes when using enhanced coagulation for TOC removal and free chloring to
inactivate Giardia. The bromide value is constrained by the formation of bromate when
using ozone to inactivate Cryptosporidium. Looking only at the potential near-term
regulatory scenario provides significantly more flexibility, with source water TOC
concentrations ranging between 4 and 7 mg/L (the 90® percentile value in water diverted
from the Delta) and bromide ranging between 50-100 and 300 ug/L, depending upon the
extent of Giardia inactivation required (the near-term scenario does not include
Cryptosporidium inactivation).

Similarly, the use of either GAC or membrane treatment in the long-term regulatory

scenario broadens the allowable source water quality. For GAC, a source water TOC value
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of 5 mg/L is acceptable with bromide ranging between 50 and 150 ng/L, depending upon
Giardia inactivation.

If Cryptosporidium inactivation is required, however, ozone must be coupled with
GAC. This allows the source water TOC concentration to increase to at least 7 mg/L (the
90" percentile vatue for waters diverted from the Delta), although bromide is constrained to
< 50 pg/L even at an ozone pH of 6.5.

The use of microfiltration or ultrafiltration, coupled with ozone for primary
disinfection and chloramines for secondary disinfection, is an “absolute bamrier” for
protozoan (Giardia and Cryptosporidium) removal. Viruses, however, must still be
inactivated. This treatment scheme allows source water TOC concenfrations to increase to
at least 7 mg/L. The bromide concentration is again limited by bromate formation under
ozone addition for virus inactivation, and is < 150 xg/L. microfiltration and < 300 xg/L for
ultrafiltration (less virus inactivation is required for ultrafiltration). If nanofiltration is used
with free chlorination, source water quality can range up to 10 mg/L for TOC for all bromide
concentrations evaluated (< 300 ug/L).

It is important to note that when ozone disinfection is used for treatment, the
allowable TOC is not unlimited. There are concerns regarding the ability of biological filters
or GAC to remove BDOC to adequate levels as TOC approaches 7 mg/L (the 90" percentile
for water diverted from the Delta). In general, ozone disinfection is more effective and
reliable as TOC decreases.

Finally, the feasibility of implementing either GAC or membranes in California,
given cost considerations, environmental permitting constraints, and limited residuat disposal
options, is uncertain. '
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APPENDIX A
PREDICTIVE MODELS FOR DISINFECTION BY-PRODUCTS

A THM PREDICTIVE EQUATIONS

Malcolm Pirnie, Inc. (1993) undertook a study on the formation of DBPs in
chlorinated waters over a wide range of TOC and bromide concentrations for the
Metropolitan Water District of Southern California. A 5 by 5 matrix of discrete samples
containing incremental increases in TOC and bromide concentrations were prepared and
evaluated. For this study, water was synthesized using low-TOC, low bromide Sacramento
River water and high-TOC agricultural drainage water. High-bromide concentrations were
achieved by adding sodium bromide.

The database used in this study, consisting of more than 900 observations, was ‘
constructed based upon the results of the source water quality monitoring program and the
chlorination experiments from the 5 by 5 matrix. One portion of the database represented
THM formation in jar-treated waters and another portion represented THM formation in 0.45
um membrane filtered raw water.

Three sets of THM predictive equations were developed during this study using a
non-linear power function format including total organic carbon (TOC), ultraviolet
absorbance at 254 nm (UV-254), chlorine dose, bromide concentration, reaction time,
temperature and pH as independent variables. The final TTHM predictive equation was
bﬁsed upon a portion of the database representing THM formation in 0.45 m membrane
filtered raw water (approximately 650 observations). Predictive capabilities of this equation
were compared with THM formation in the jar-treateci water (approximately 250
observations). The final TTHM equation developed was:

TTHM = 7.21 TOC™ UV254*3% (C1DOSE-7.6*NH,-N)*?* TIME***
(Br+1)2

(pH-2.6)*"" TEMP*4°

[ = 0.96, F = 2010, p< 0.001]
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This equation was developed at TOC concentrations ranging between 1.1 and 7.6
mg/L, bromide between 10 and 800 rg/L, contact times between 1 and 48 hours, and
chlorine doses between 1.0 and 16.4 mg/L. The values for UV-254 to be input into the
TTHM equation were predicted using a relationship between TOC and UV-254 developed
in the study as follows:

UV-254 = -0.0224 + (0.0374)(TOC)
(2 = 0.92)

Using free chlorine as a disinfectant, a chlorine-to-TOC ratio of 1:1 and contact times
of 1 and 2 hours were projected to yield 1 and 2 log Giardia inactivation, respectively. A
temperature of 20 ° C and pH of 7 was also input to this equation to yield the values in Table
4.1 in the body of this report.

A.2 BROMATE PREDICTIVE EQUATION

The bromate model of Ozekin and Amy (Ozekin, 1994) was utilized to systematically
evaluate the impact of ozone dose, bromide, DOC and pH on the formation of bromate. The
model was developed from data from several source waters including waters diverted from
the Delta. Source water bromide concentrations ranged between 70 and 440 pg/L with
bromate concentrations ranging between 2 and 314 pg/L.

The model used has the following form:

BrO, = 1.63x10°° DOC-% pH*#2 (O, dose)"S” Br*™ time®?

A contact time of 12 minutes was chosen and the concentrations of DOC, bromide,
ozone dose and pH were varied over a representative range as input to the above equation.
Temperature was held constant at 20 ° C.

It is important to note that the model was only used to support conclusions reached
by the expert panel prior to using the model. The bromate model was evaluated to

investigate threshold behavior regarding formation at specific levels and to support the initial
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conclusions reached by the expert panel. The results of the modeling should not be
overemphasized. The results of the modeling supported the initial conclusions reached by
the Panel based upon the available literature and review of the CUWA data.
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APPENDIX B
CUWA MEMBER TREATMENT DATA

Data was provided by the CUWA members, including those resulting from the
operation of their treatment facilities as well as bench and pilot studies. There are variations
in these data which are unique to each treatment system. For example, some systems
supplied data representing ozonation of only raw water, while others supplied data with both
pre- and post-ozonation. The expert panel recognizes that there are unique aspects of process
operation which can affect the ulﬁmatc formation of DBPs. For this study, however, the
expert panel defined “unifying criteria” in Chapter 3 for enhanced coagulation and ozone
which allow a comparison of these processes and a systematic method by which to evaluate
the impact of water quality constraints on DBP formation. This appendix contains the data
supplied by the CUWA members.
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1] Aum AL{S0),"14 8,0 mpiL
2| Fenic FeOly "6 H,0 marL
3|
4]
]
. TREATMENT CONDITIONS
| !
ci2 Disinfection Sy-products Coagulation Conditions
_Conditions TTHM HAAS Coagulant Doss Acid Base Coag. |
Chilorine { - 1D adjusted? | adjusted? | pH temp.
ll dose Raw Filt, Raw Filt {588 above) e M ) 0| (deg.C)
{mg Cl2/L} ) -
234 ] 3 1 25.1
240 8 & 1 11.8
160 1 4 i 1.6
'l 233 ] s i 128
220 3 & 1 12.5
141 s 5 i 28
1.57 s 3 1 213
147 5 5 1 8.5
132 4 ) 1 40
L1 5 a 1 31.1
147 4 4 1 0.4
147 s 6 1 24
154 5 4 1 25
“ 1.60 7 7 1 233
3 150 s 5 i 212
o 200 e 4 1 21
' 234 9.0 6.0 2 11.2
240 76 o0 2 114
250 8.0 4.0 2 8.1
238 1.7 50 2 15.9
220 73 60 Fl 92
143 as S0 2 16
- L.57 5.1 6.0 2 13.6
1.49 50 5.0 2 10.2
132 16 30 2 238
1.10 48 4.0 2 13.6
147 38 40 2 26.1
147 LE] [1.] 2 16.7
1.54 4,9 40 2 18.5
160 [ 70 Fl 18
150 54 50 F] 167
“ 200 133 &0 2 18
I. }
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bromate
Contra Costa WD
Randall-Bold WTP
Sample Bromate [Chioride {Bromide
Date (measured)|(daily avg)|{estimated)
(o) [(mol) __ [img/L)
223/83] <05 72 0.22
4/6/93 <1.4 89 0.27
5/21/83 10 55 0.17
£/15/83 6 30 <().1
8/18/93 6 25 <0.1
10/5/93 10.3 60 0.18
11/17/93| 30.4 142 . 0.43
114194 1.5 70 0.21
2/9/94 46 70 0.21
31194 26 55 0.17
415194 7.3 77 0.23
5/10/94 <3 57 0.17
7/12/94 <5 112 0.4
8/9/94 <5 133 0.4
10/4/94 51 158 0.48
10/10/94 33 118 0.36
11/1494 15 150 0.45
12/6/94 13 162 0.48
1/10/95 5.7 94 0.28
2/14/85 17 60 0.18
3/14/85 7.6 3s 0.11
4/4/95 18 105 0.32
6/13/85 <5 40 0.12
7M11/95 21 32 0.1
8/8/95] " 7.8 32 0.1
9/18/95 <5 16 <Q.1
10/3/95 <§ 14 <0.1
1177195 <5 16 <0.1
12/12/95 <5 23 <Q.1
2/6/96 <5 40 0.12
- 3/5/96 <5 117 0.35
Note: Ozone dose currently  |optimized [for coagulation,
not bromate |production. | -
Conservative ozonhe doses: pre-ozone |2.5-3 ppm [{raw water
post-ozone | 1ppm (filtered)
Plant CT operating |from 2-5
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[y 5 WD RGO, GG, EBMUL, WG, BCVT ; T
I 'J‘T | I ) ] { ] |
1. -3 Jar & of % W = Shady Wed, eic) Indicate coaguiants studmd:
' i | 1 l i1 1D} Goagulant| __Chamical fomaula Units
T Source water: SUTICY . MR, NOUTKwIREr, $1C) AN ALISO, W 14 F mo. |
1 [ T 1 ] 1 T 2 Pokymer Catonig oL
1. Source water 1D: SPWN, CR {Gtala Project wates, biend of__, £ic.) 3] T
1 ] [ il 1
. Describe lvel of Siudy: L__|Bench-scale_ I his Gata Sveel, “Flt,” mefers (G Gath colivctas | DoRed inchude Lsusly 3 2} mgh. potymer]
indicate with an X'} ilel-scale jateer i and
T [FuN-acaia fration. | ]
| ] { | !
I-G'. ‘with s "X i Gita repoted 25 “FilL"™ a5e from d atine sedanenialion X 50 rwn S4lLng ine
T -”mm’ﬁ%m 1
WATER QUALITY DATA: CONVENTIONAL T - S
1 N | TREATMENT CONDITIONS
Study 1D Vater JoC ] AIRAlmity Tarbldicy PH__ 1 Cosguiation Conditions
% CRW {mg/L) {15cmk imiL a3 C3C03) NIy [1] guiant Dose Acid Base Coag.
Faw | Pl [ waw | Pl | Raw | Pl | Raw | PR | ®aw [FiL] © jurma? | adf [
(saw abave) [17Li7) {Ymi) 1]
dhankeN biank=N
—— -
NWIHARD] L) [.42_ 141 (N1} EX 574 (5] T3] a 106
MWTHARS] ] 4z | 21 | oy | e [} oW _[| oay | Lo 10 Rl
NWDIARD 100 Lz | 237 [ oms | ome 7Y [/ O T 0 TAL
MWEIARD] 108 Taz_| 297 | oms | om0 [} : 06| Loy 5 W 730
| MWEHARD S0 " . X
MWDIARD] 100 34z | 1w | oms ] oany X} M Y ) 73
MWIARD] 18 14z | 195 | omed | ool 1 M 1 o | L0V ) 639 |
MWTIARD] ] 142 | 1% | oans | nom [ oH_ | om | wes ] - ati |
MWDIARD| o8 iz | 133 | oogs 0 wM | ox7 | B0 ™ kL
MWDIARR 100 135 | san 1z w& | w6z | b3 & 139
MWDIARS \m 135_| i3 vas_ | 036 3% m 3|
| _SIWDiARDS 700 335 | 197 | (YT X 0] 7] 767
MIWENARBS ] 335 | 1.9 ¢85 | oa3 ) 30 T4y
NVDIARDE | W 138 | 18 [ o5 | ua 129 7] 731
MWDIARDS 100 135|167 [TT] 455 | a3y | v S 734
MWDIARDS o0 L33 = 9 {00 083 | 8% | w29 ] Ton
MWDIARDS o0 23 &7 s | _wom asf | o | a9 g0 %)
MWDIANDS 00 125 | 161 | ood §apm i3 045 0 139 ] [
MWEDIARDG 100 135 | 1356 | ooi3 | uoni ] 065 | 130 | &y %0 7
MWDIARDS 00 195 | 162 | ooas | ol 12 [T T ¥ i 867
MWLIARDS 100 235 [ 17 | oeis | opol 12 065 0 3% I [Yid
NWDIARDT 00 209 | 241 | o036 { oom 132 [ 034 7] i 13
[ Wrwhaanar o0 239 | 215 | owe | oo 1 oat | 0ok | B4 [ 2T
WWLIARGY 100 239 |t | wms | ook ] [¥ 036 34 N EAL
MWECIARS? o 3% | 19 | a6 | oom 13 04 032 34 » T
MWOIABST 00 239 | 104 | ome ]| oo [ [ o v 1 ) EXT
WWDIARTT o 239 | 176 | o006 | com [ [x AL 134 1 0 731
MWEIART? Yoo i3e | L7 | o] aom ] 04 Uiy 34 k) w 733
MWDIARY ] 235 | 160 | ome | wan i) vA it ] J o] T
1| Lev | 0o | ooy ] o4l | 0% | an 1 ] .10
MWDIARD? 1] 219 | 183 | oms o ) o | us0 [ wm 0 06
BOWDIARGTT 00 239_|_153 | o0 {__oow 3 oxi_| ner | &n it 1
MWOIARDS 100 345 | 16 | oota | o3 1= 0 40| &b [ 9|
MWOIARDS o 345 | z4a | 00w | omi 2 Y 5% M 10 EX1]
BOWDIARE | o0 245 | 235 | oo | ol [ X 25| o 3 F1] 1]
MWRIANDY 100 345 | 3W | oo | nme ] 4 75 IR 30 T8l
MWOIARDS T 245 | 206 | oo | oo 7] A 168 18 [ E27)
MWDIARM 100 TA3 | 208 | 0000 | oau% [ Y 133 X0 S0 EZT]
MWOIARLR o 245 | 201 | oo | oo 7] D40 34 | 1 @ 733
MWOIASWS oo 245 | 300 | cesw | aon 13 [Y 135 | 48 x T8
MWINARIE W 245 37| eo% | omo [ [Y™ 50 | L ) FAT
| _MWDIARDE w0 245 | 1% | oow | amo 1z x| ua | i % 706
MWDIARDE 00 ) | a0 | oot I o | uss | il 100 ]
MWDIARD? '~ 55| 285 | ooss 19 oIt | wa | iw [ 37|
| MWDIARDS W 55 1 281 | owas | noee [ oA | win | 7w )
MWINARDY L 255 1 e | oais | anw T ] ) Tk
MWDIARDY o 233 { 1p |oms [ oso o3| e | ) 1
MWHIARD %0 235 | 219 | oxus | _aon 03| 0% .57 “ 731
MWIIARDD u 235 | o0 | oos | oaM 071 [ 1| 3 39
MWTUARD? w 155 1 191 | oass | oon [ [5] 04z _| 79 ) 643
MWEBIARGS i 255 | 201 | 6% 9 o 797 £ %]
MWDIARY ] 255 T.98 | o y _on 91 L] 651
MWDIARD? ] FXT 7| oo 9 o3t a1 % 1
MWINARDY ™ 135 § 95 | oos I o L [ 650
MWDIARDY W 155 1 134 | dwis 0] o3t Ll 1] bl
MWEIARTY o 155 1 LW | oois 19 o7t 757 Vo ik
MWDIARID [ 13| 361 [ omss | cow 3 U | e | im 1 [ [TT)
MWINARIO ] Lsa | 14z | omis | 006 iz e | wen | im o T4
MWIBARID L] 158§ 230 | oa9s | 000 135 el | ne | 53 B T4%
MWDIARIT L) 152 Lo [ 2GE] EE 128 (L6 q.48 L2 n 138
MWINARID L0 238§ 111 | owss | ame 128 oa_ | im | 1= ) (XT3
MWDIARID 0 34t | 10 | emi | aom [P ot | o | in 1 ] [
MWDIARIN [T {3x | zo) | egas oot 15 [ ] 1 7] 713
MWIDIAR IO ™ 138 | 3oy | oxds |00 123 OW | 68 | ea 1 [ T4
MWDIAR T [ 230 | 195 | omis | oo 125 ue [ om | an 1 7] [T}
MWRIANIT ] 138 | iz | 6038 | oy iz5 Gl | o | n 1 ] b.K2
MWDIARID " 15 % | emss | o0 125 ] ) 1 o0 (%]
MWEIARIN W FX7] B | o0 | ogo 125 o4 3 1 LD 116 (%]
MW CLAR { " 357 | T6) | 0in3 | oo ) ol 45| A8 n [
MWLRIARI " 267 | 360 | oan | a0 [F] ] 561 533 o 759
MWDUAR 1 o0 267 | sea | O3 4 008 [E7] a4 B0 | &3 0 E]
MWDRIARI - 24T 121 | w03 a.ms [F:] Ay [ £33 o 741
MWDIARI | ] 287 127 L] 8036 12 DAY o+n £ L 1x
MWEMARI o 247 .00 [T 24 128 iy 2.0 £33 b 11‘_
MWDIARTL w 267 | L9 | oo ( omz [F] e | b | En T “ §93
MWRIARLL ] 2467 [k BLACT75) iRy [ i CED) X1t 1 ™ Y1)
Page 10110




) Staty (0 VAt TOC —INghe ATabmity Turbidtty B Coa Conamions
% CRW | % E5PW 1 {V/em| [ (Mgl as CaCO3} {NTU) g 1 Doss Acid EBase Coag.
Raw | Fit T Raw [ Fil Raw it | Raw | Fit | Raw | Fi 0 adjusted? | ady ?| pn l
! {5en shove) 1Y7H| [] 0
l Ilanket Beank=N
[ 167 | 166 | 005) | oade 123 YT TR 1 ] 71
[ 267 | 67 { wn¥d [ em ] o8 e | 133 1 % 52
) 55 | 300 | oo B0 120 [Ty 30 123 [] 120
_® 293 | 2.7 | oo oan [ Y b1 L33 10 T
[ o3 1 18 { ood [TT) [ 7] 2 123 ® 384
% 255 1 130 | oo 0oyt o 0s7_| eai 623 L] T4
[ I} 335 oo amy 7] ud? [ on | en « 328
[ 1s¢ [ 233 | ond 0409 120 047 | ox3 .21 3 123
] 1% | 1ia | o o5 120 043 034 | 3y % LT
[ T35 | 200 | osuz [ onay [ 087 | 35 ™ ™
0 188 95 | onaa | omo 120 _ 47 023 133 ] 701
A ) 193 | i96 oo | ooy 120 [ L5 L7y %0 [
] FX 1 8% | oo oms 120 857 | 0.3 123 100 [
) 9 |18 | ong | oy 120 (Y3l [Ty [TT) 110 .7
0 298 | i | ol | oon [F7] [N (x5} 1 120 %
. 0 295 20 | uoe | omy [T7) [T I 12) 1 10 687
[7] 295 { EN M2 | oms 120 087 ) om L2} 1 140 [ I
0 29 15 | oo ams 120 0s7 {1 o4 12} 10 i
MWOIARIL 0 295_[_1sb | noed —amm 120 057 | o4 | an [ b4l
MWDIARIY ) 296 | 154 | noer | ooy 12 ost | nss §oan 1] X!
| _MWDTARI ] 19 | @ | oz [ ool i 057 [T 3 i ]
MWDIARIL x 298 57 | g | 0ot 2 06T 130 [ 1 1 [ 1
MWDIARLL [ 395 | 149 [ o2 | ved 129 06" 180 (g2 30 6,12
MWDIARI ) 235 | 236 | oo | ool [ES : o7 [ wf | &wm 3 N L1
MWDIARI [T 235 | 208 [ 008} o0on 126 0.7 oAl | M 10 T30
MWDIAKL () 235 | 185 | o] 1 126 L o4 | s 0 EE7]
MWDIARL [ 2 | 2o | oosd] 126 77 | an | z» ) 156
MWDLAKLY ] 235 | 152 | oo 134 77 | ok 130 o 143
MWDIART %0 T} 35 | o 4 77| oaf 130 0 in
- |L5e | st . LLI IS 2
MWDIARE) ] 124 | 180 | oo % ofr | o 130 1 & E27]
l‘ MWhIARE % ST I T 26 af7 | o | 1w £ 72 I
MWDIAR1) n 235 | 166 [ omd 26 0¥ | o8t | awm o 206 | N
MWEUARLS w 235 | 162 | nom 26 077 | o041 130 [ [
. MWINARIA » 235 5 | oo | 26 er ] 06y | mm 100 [
MWDIAR ] 125 51| 004 134 ¢7 { om [ 1w [0 [T
MWDIAR] (] 231 48 | 0.03) ] 177 (LTI IYY] 0 o 2
|__MWTIAR 0 x L4 £.033 117 (X1 0.55 [37] 10 Tos
MWDIARI _ 3 31 | aony 7 win | om | e ) 7N
MW AR " X L2 ] ool 177 I [T .10 30 15
NWIARI4 K] ) LM | 0003 [+3] [X]] 451 | EXW [ 140
MWDJAR H [ 13 CH KT 7 [y .20 ) EAT
MUDIARW |0 X L KT [ oy | ¢sd (] 1 & 737
MWDIAR 4 [ 1 74| 0u} a7 03p | 7 120 1 ) 113
MWOIAR 14 7] F¥T] 63 | enl3 =27 ol | em (=3 = 106
MWDIAT. /4 = 13 | G40 | og3 a7 3 | em | i3 = X}
- MWDIAR 14 ) _!L_ [X7] LR 1Y 137 I.i‘_ [X] ___un 100 (X
MWDIAKLE ] 13| 182 § en3d 38 | 1w 130 [T 677
MWDIAR 14 [ 191 149 | 6033 [Tt 51 i | i 1 120 650
MWRIAR 14 w0 131|146 | o3 127 [Xi] 1m | » 1 130 [X3]
MWDIARIS 0 1| 1a8 | oon 17 [X] ) 20 w
BOWDIARI4 " 35 A2 | oo 127 ] 20 1 150
MADIARI4 0 1 9% | ooy [Z1] £.51 |12 1 1]
; MWDIARIS n 51 { o | nadl 131 a7 | o35 } 1 ¢ ]
MWDUARY: ] L7 | noss | ool | i 047 | 034 L7y ] ] 136
MWDIAR: 30 X 34 | ome [ 60 M1 47| 039 .29 1 0 1346 I
MWDIAR] 9 106 | 0.006 | o0 137 &7 [ 03y 29 1 ) 152
MWINAR] L) X an) | 0.006 | oare 127 &7 ) 9y ¥ [} @ [XT)
MWDIAR] % 3 A6 | 0036 ] o, 127 08 | s 125 1 30 15
MWDIARIS % - . %6 | 003G 1 018 127 a6 | o3t 139 [T EETY
MWINARIS 0 m | o0l | oo 127 0 | 06 12% [ T3
MWDIARIS [ NANCEART YT 127 047 | o | g ) 706
MWDIAR) ) .17 .54 | boe | 002 27 04T | osd 1329 %0 T
MWDIR]! o i 38 | 00% [ oom 127 047 | o7 | %39 [ 658
MWDIARY [ 4 152 | nodl [ oot [ ndt | em | 83t 7 i [
. MWDIAR) ) 4 250 | oadl | oan T 01| p35 | was 1 [ LTI
MWDIARTS ] 2.4 132 | ouWl o915 Y n4z [} [E1] 0 730
' MWDIARIS [ L4 11y [ 0041 | apis H 043 1 o3e | a3s » k)
MWDIAR1S w .4 205 | oad1 ome | 1Y 43 agt 123 40 EZE]
MWEOIARYG [ ¥ LOG | 6. anT 7 i | ok | 12 ) EZ7)
MWOIARTE | a0 340 | 1w | eed | aon (153 Wi | ew i 1 w %
a Rib L] 24 52 | o .03 nr udz 1 A8 » 127
MWDIARIE i 243 AT | o ] 13 042 ¥ ] AT
MWBIARIE " 143 82| 0. 221 T [15) ] [7) 707
WWDIARIG [ A1 15 | il a2l Wiz | 8% 121 ] T
MWDIARIS [ 248 _| 175 | 4md /4 043 s | A 1a 534
MWDIARN ) T E .04 asty udz Y [F7] 0 &.77 :
MWTIARES ] 243 k &4 L1313 042 (] (] 30 553} .
MWDIARIE 0 10| 143 | aput | aonk na | s | owm 3 [ sat :
MWDIARIG (] 43 do4) | woar nAT (1] 1 50 &5 A
MWDIAR 0 Ta) | Leo | ooar | 0418 ¥ maz_ | %0 | u3s 5 X .
MWDIARIE W [ 0] vAr | nndt s [1E) 142 91| 838 L 6.6
MwTIARIS | 0 41 A3 | e [T 3 143 LI [¥3] a0 hAY
MWDIARIG | ] 241 Ad | 004l nary 141 1.4 [FT] 190 EL]
MWOIARIS | W 243 33 | uual | ooy 4 | e B3 L] 2 25 i
3 MOWDIARIE | %0 241 5 e | won waz [T 1 Mo 13 :
WWDIARIC | W 343 1 130 0 o |y wa | 1 [ k3 0 512
MWLIARTT ) 335 1 333 [ ousl 11a i3 [ n WK ] O] !
MWIUARHY x 233 T 351 [ el ) muad [ T2 | sed | wm n 7458 :
HWBIART? x 235 1N [ 114 120 LLi) g 1 10 TAb |
MWOIARE] = 259 | numai ILIME 114 120 [%7] [T 1 H T4 H
MWIDIARLY « 0 FE RN noy 114 1.3 whl [ M 1 an T.83 |
MWIUARLT ) 213 | ey uiy 114 [ET) aw_ i ot | 1 ET} To4 |
|
' Page 2of 10 I l




:
i
F%
A

[ Cosgulaion Canditions
% CAW | % 5PW {ikcm) o Ca0a7) 1] Coagetani Acid Base
Raw | Fr | Raw | Filt Raw Fit Fiat. | Raw § Fiit [] t?| adjusted? pH
e ioow] om)_|_ oom aQ
¥ BanksN | _bisnkeN
© 195 | 303 | ooel | oo 17} [ET] 41| s T ™) 895
» 155 | 1% | o6l | oo 17} 38 W um ™ [
w0 135 | L& | oosi | oox T 30 TN = i
= 155 | ©7a | onél | ol 7] 20 | o | wes [ [¥7]
] 155 | 154 | ol | oom r 130 o ) o x4
) 155 | 167 | noel | don 4 1% 2| % 1 ] [Yil
] 135 | 1e | oae | oom [ 130 Y | o8 120 614
] 245 | 237 | uisa §_ns6l T o% | os | a1 [ 13
[T 245 | $46 |oma | oo 12l | o ¥-] ] In
] 243 | 13 | oose | 0o [ an | e | wm m 61
l n 14 31 | Obsk | 083 121 o.74 065 | B3 1 30 A5
] 7] 133 | Dose | 004l 12l A | est | an ® 35|
] 34, 111 | nose | oon i R | 857 | am 3 733
m 4 CRETTAET o7 | on | & = 847
] 7] 37 | st a7t_| % | an ] Fa9
] L4 7| dosa 3| oA [ 1 n 30
] L4 3| aose S | 0% | wa » 338
] ¥ 76| nse on | an | am [ x5
™ 75| 0ose 7| vk | _&n 110 877
[ % 157 | 0ot 37 | 0ss | &3 (] 246
] 3 | 65 | 08 37 _| om | &0 ia 733
] 170 | 26 | 09 37_| s | et ) 764
= 1™ | 15 | 00w 5T | 0% | a0 ) EF
0 L | 204 | uDiy 37 | nw | am @
] iTo | r02 | oows 57 | o | &% 0 .
) FX N IR YT w37 | 6% | zu 1 @ [
) 330 | 185 | 0049 957 | om | &3 £ (X0
W ENEEELT] 3| ow | s 3 57|
0 [ | sow X [T x BET
l = RN [¥5] X [ I 36
) ECEETD T8 3 50 ] Tia 51|
190 ECREL 133 5| 0w b3t ] 145
o (139 | mins | 173 0as_| 07 138 [ 0
W ECEETA 7] w3y | nss 138 x k)
. ) 251 { oo 133 o8 | ne | e % 46
o 19| Do 133 s | am 7] ] LA
l oo 130 | 6843 133 CEEA I T ] 735
1o 103 § ooh | oy 133 b3 | o7 X @ [
g .99 D1 004k 113 R [.ID 133 xa [T}
ot 50 | Doal aoik 133 (1] 130 53X 1 1] )
) (i3 { oeiz | owm 3 oxs_| 1% | 1n 1 n_ 681 |
] [Carr [ ooy [ aess 4 3| _nos | 130 1 0 815
[ [ oays |_now 4 4 37 | a0 T ™ A5
. i [ 260 | Das [ G X 7] 35 | a3 i ) 738
: [ 139 | 0440 | BOIE r 154 ST T 3 £ 74T
[ 333 | 0651 | w03 T S| 3 | a3 ] 30
. 7] [330 | ags3 | oo T 0% | oo | w2t E] 31
» [255 Tooi | o T s | oaw | 0 13
) 20 [oou [ o T ] i3t | i3 [ 10|
l © 97 | o033 | aow 4 [ 38| 821 [ E7T]
] 9| 005y [ oasy 4 .54 37 | & ] 557
0 18 | ools | oom H [ 31 | & & 812
= 7% | 0053 | ean T ass { 0es | e 1 [
» LM | eusy | et 4 54| 039 | W3 T2 &
& 7| ona3 | ey T TIRECEET L] [¥5)
; [T 141 | 0o | eam 124 .54 5 | an tad &AL
©n 161 | oo | _ame it [z 9T_|_ w3t ] &35
® \6F | 0pa | a0 ] 054 T YT 150 Ty
= 7 | 163 | ons) | ouen T 54| nen | g3t X 433
[ 7 | 147 | oon | eon 114 158 | 130 | Wik 150 .19
] 23v | 135 | uos1 | eom 17, il | 14 | W3t ] 4.0
= 275 | 132 1 [x7] 6| L3 ] 408
] i3 | T 1 o | un L72 o L3
w a3 | T2 o3 | uw | am [ 754
] 3| 135 | oo "ok | st | am 3 £ %
£ a3 _| 208 | 0ok b | 0y | ix ] T4
= 243 | 304 | Ud LD j ok | B ® 725
] 1) | 157 | nas [13] 57| 18 L) 3
R 243 143 L l.n_ ! L!!_ ! L_II_7 L] 730
B0 6| 137 | nets [ 7 | e ® FE7)
. MWTIARIT [ 343 {10 | noss | onis 21 op | o7 | an ™ 713
MWDIARIY [ 2 | 17 | oms | oeik 131 nE_§ on [ e % 706 ]
WWTIARIY [ 343 | VR | 638 | oans ] [T 2 i 456
: MWDIAR2 | 0 0 | vev (oe | nons 12 A | on_ (| &n i [}
: MWDIARR 0 18 i foes | oom ] [} o7 13 [ 13
WRDIARD B T4l | 33t [ vaw | ome [T R_| 0% 15 ] 78
WWDIART ] T4l | 32) | 00K | omar [ LT 15 » EA])
MWDIARZ ] r TR T Tl A | 033 (613 » 75
MWDIARTL W X % | oo | ooy 120 om | b | &iy o 0
g MWRIARD [ .4 30| aud aftl 121 an [17] [ ] 130
BOWINARTD [ 14 a1 [ aane [0 131 0.7 a.n XT3 0 203
MWIART [ 4 [ 1M | aom | em? ] TP oons | AI3 ] LE. .
MWDIAR2E L. 141 L43 4033 OAl M 131 bT hak [11] 1 : [ +]
MW IARE W Y] | oo | oane 121 G} 0% | &N ] 576
MWDIARZY £ A 31| auw | on 121 on [ od1 1 ki it &R
[ Mwmsgzs L) Y] 3 | o0 | eald [F] na_} 63 Y RIS T s
MWIHARZY fo) 341 142 | fom 51T 1, 0.1 Y3 [T} 12U 435 |
MRDIARZ W Al | 133 | omz | onks ol | oy | Kis 1 150 X3
NWRIARZ) r St | 356 | owso | onst wes | mas ] L3 il a (x5
MWDIARZ) ] 35t | 343 | ausn | ool o3 T ast { &3 W (]
L MWDIARZ) 1 s 28t | 225 | oo | oads ui 040 ek | En FT) 755
MWIMARY] E R 2.12 ansn | wod 121 ndy 3 [37] pJ T4

Page 3of 10




N Ee B ==

tome=B-5
ToC (=] Yurbiirey ion Condibons
(1] &t CaCo%) ] Coagulart | Dosa Asld Busa 3
Raw | P | Raw | FiL _Ell'n’"w—'—'_ _h-'{_ FHiL !u-" Fifl, [ adjukiad? L:;L*
i {sa4 above} rrm! M [1]
— BankeN | Biankxn

[ 10 | 1m0 | nosn | e 30 o 0.3 3 ] AT

Y i3I 1 192 [dom | omn [} o4 [ ) W 738

3 st | 199 § oo [ omm ] ¢ | oa 32 = TN

0 131 [ 193 ["oose [ oo [} 7] @43 3% Ed T

™ L&3 {080 | oo [ 0G| o4 T] W 107

n X .36 | 006 ooy [ o | U5 § &) 0 700

= T 5% | [T i o | ust | &3 T ] i

[ 3T | 245 | nbis | o [TF] [ s | ki ] u 30

B 357 | 345 | aids [ aens e 31 T 18 3

) 1357 | 233 | noad | ot [ 3% I ) 18

% 35 1 20v | et | oap [T | ail > 82

0 Z.J.T_ | 3 9,041 ll.ﬂ_Z? . 65 F:] 11 &1 T.50

£ 357 | 190 | o648 | eege 113 055 127 | &1 F T3y

] 257 | 150 | ums | ods [T} [Ty 37 1 kN ] TIv

W 25T | 1o | oms | oen TN oot 31 ] I

[ 287 | Te | ooes | ean [TH) 04 [ e | 1 ™ I

) 337 | 130 | oo m1 1 0811 040 ® o)

[ 337 | 149 | o Lzl T3] 5 | se | 1 m ]

L] 157 1 161 | o [T [15] a6l | oay 1] o i

] 157 | 15l oo [T [ 051 | o 1 m 618

[ 157 1 (s | ooay | eaw 1 058 | o0& | & 1] £67

= 157 | 143 | oon | _nory n aes | om | En o e |

) 257 1 149 | ogas | naie [TH} 055 | 130§ kM 5 [X3]

[ 157 | 157 | 0085 | omk [TTH 055 | (36 | En [} & [

[ .57 14 | o4 o817 T3] 06§ [17] [R1] 1 ] _ 43

7] 45T | 148 | ood [T]H] [15] 0% 1 t4 | it [ 630

w 357 | 1% | oo [T T3] 083 [ o1 190 €33

o 3T 135 | ooi3 | uons 13 a8 | am o 3 613 |

] 57 | 1 | aof | wois i 0§t | o7 X 20 ™

0 57 | 130 | s [ onis 113 05| uss 5 F I

£ 1s7_| 367 | enoy ] o | 035 M. 1 v ]

30 57 | 15 J ams am | 06 5 1 0 o

E3] 267 | ey | oo oM | 0 I 7 n 741

0 147 | 330 | nnes ol | e I 1 0 AL)
MWDIARGS ™ {240 | apes oM osi [ T 1 ] a9
MWDIARIS n 167 | 187 | ones S 1 om [ T i 5 (3]
NWEIARZS ™ a7 | 19 { ooes =] 0¥ | 7 1 = [x
MWDIARS x 157 181 | 068 [ 0.90 T 1 ] [Xi]
MWDIARS i 157 | 10 | ooes | o5 | T [ 6%
MWDIARS | 70 367 | &% | noes n+ [ 637 i3 0 841
MWDIARZS £ 257_| 163 | 063 T | oes X7 106 [F:)
MWOIARZS C 150 | 2% | oms D& | oAz T [ 1h
MWDIARIS L] t% | 1% | oms oa | u% ) [l o EX]
MWINARIG k] 180 1 3% [ oms oM | o3t | &m [ 7] 75
MWIARG ™ 130 | 399 | oo o5l | o35 123 3 743
MWDIAR S ) TRETEL —os [ an | &5 ] 2
MWINARLE x .50 20 | 0Oss | oA | oo L £ i
MWIAR2G k] 1.50 .96 | 0.08% 958 .67 F] [ .97
MWDIAKIS X 1% | s | aos wel | om ] £ ] 20
NWDIARSS ™ 250 [ nasf uid | o™ ¥ i M
NWTIARG = 156 noss | oen I us | o4l ) ) 70
WWTIARTS n 50 aus | oo ni ves | asy ) am 100 ]
MWDIARIS ] LSy w5 | oon i3 o4t ) ol | ez ] i3 |
MWDIAR?S ] 50 083 | o [ix] o | i3 | &3t ) 46
MWDIARZS ™ X7 w8 | o 113 i | 14 ¥ 30 3
MWDIARZS o 50 2033 5 115 [THENE] 23 40 533
MWIDIARTY % KT 0064 |t 118 s | s 32 o 39
MWINARTT x T [78 WY 115 [ Y] XT3 (1] B
MWDIARI? o 4 [T ] A s [ Y] I3 FT) LX)
MWDIARIT X 14 0064 | owe ir3 [ YT 3 738
MWDIARET | .14 [ 131 WeA | 052 | &3 7] o8
MWDIAXTY m .14 oo | o8l ns oy | uss | 333 0 49
MWDIARZY | W 1te_| ot | omae [T} 085 | nal | am 1 3 e
MWDIARST 3 THRE noce | oaw ) & _Jun | am T % 687
MWDIART? xn I ook | e ] 0.49 LAT [¥7] [1] A3 ]
MWDIARZY £ ] 0ose | aon 6% | O | aw ™ 34|
MWDIARE? £ .14 (=0 T oir | oM | im [ Gl
WWDIARZ? X %14 w064 o | 1w [ an 110 %]
MWTHARIT L] 14 .7 | oond | oms 3 T E 7] L1y
MWDIARTT £ 4 % | oua | oo 13 [17] N Y 10 5|
MWDIARIT E] 4 L% | o164 | 0017 115 [ T 10 605
MWDIARST £ TH IR T fTH | | xn 150 [
MWDIARIY E] 74| 343 | nosa | aes i o | 00 | K2 ] [T
MWDIARIL ] A9 | 24 | oo | BT o7 | ur | &R o EX]]
WMWDIARIT X TH [ 343 { oo | e B4 | ca0 | kil ] 280
MWRIAR2] £ M | 33 (oo | oo o4 | nid | RE2 » 289

m M 331 | ook 0.033 ad? [} [371 “® 47

o] 2N | 117 | oo | 7 ICETI [ 737

m 1M | o | oasi | pes [} oa? | oz | i3 o 25 ]

) 27 | 101 | ook | now m 047 | om | i n 0

Kl E7% | 1% | 6o | ona? I ual | Um | 12 7] )

™ IT4 1.1 0,858 4077 131 047 0.2 1.12 !__

m LM | 3 | o | e [ n47 X1 102 100 [X]

™ IT | a0 | et | ouw Th us? | o7 [ i3 3 o <n

n 174 [FIRET [57] [ 047 2.3 12 1 20 7

£ 1.Td k8] 2.0 any NAT 050 1.12 1 » ]

70 1T 1.0 2083 aux DAT o33 1. 1 140 893

£ I3 | e | aust | o o4t | has | 3 [ U3¢ ol

w 274 | L= | aoms | uns oAT | nas | ¥ ot IS

0 27 | 1% | oo | oo 1 oa7 | an | k12 [F.] 540

B M 142 | nas [} 111 941 [ L1l [ %11

K 274 I.L fHHR 14414 111 047 BAT K1l [ &.31

Page 4 of 10




i

away 0 Waar ({15 (125 Adkakmity Turmiany o Cosguialion CondRions

% CRW | % SPW mpr) Htiemy Imgil a3 CRCOT} NTUI 1] Coagulam Dosa Acid DBase Coag.

Raw | Fn. | Ruw Fiit. R Fit | Faw Riw | Filt, 7] adjusted? | adjustedz | pit

isee sbove) my (L] 7

. — TakeN_{ _buncen

k) EX] 151 [ 223 120 [] 230

1 250 | 144 | oo 0 [*7) 4 10 792

) 250 | 235 | ooa (27} ) ) 7]

o 150 | 213 ) ond DS _ 12 ) 731

o E50 57 | a0 [T 38 o T4

2] 150 | 191 [ oneo [T [t 30 134
Kt 150 CEET R [T ) 50 105 |

o Li0 75 | oo | anid 048 130 ] ]

0 150 76 | 00 0013 040 | 120 8 693

0 150 | 167 | 008 [TTE] 1] r 20 [ £50

x i | 163 | oudo | aoi6 11 ™ 120 ] 647

o 330 | 1% | onee | 00i3 Hy 7] L30 10 6.0

ED 140 Ay | ooe | woais 11 [T} 3 1 p 61

o T30 ] 147 | o | ool? iy [T} T3] 130 681

o 2% ] 147 | opee | oang 7] [T 520 [ 140 651

o L1 A1 | g0 | oana I [T 7] 1 150 &
n 150 .13 | oo | ooi4 3 [ [+ 160 3]

£ Lst | 1.9 ¢ ok | a0 1] [T 1) I ]

) S0 | 255 | OI40 | 0007 [T 241 o a0

[ 50 | 1% | onds | omse 043 341 o T

[ 150 | 2¢ [ oo | omo [YF} 141 1 7563

100 150 | 2o | opw | oums [¥T} 341 1 i 739

] 130 | 44 | aoee | ooy 042 41 o i

100 130 | 133 | onwo | oo DAz [T} 50 213

ba 250 | 37 Jome | oo [¥T) [71] 1 & &58

NOTIANKS 100 2.50 I.GJ_ p L] 0019 043 Al 1 o 6.90
MWBIARY 1o 130 | 140 | ane [T 04T F4Y 1 [ 634
MWDIARSD kC) 2es | 250 1 0oz | oo ] 4 1 o K13
MWDIARSD x 20 1% | oo | ods [T] L1 1 1o 781
MWDIARY) ®_ 1 138 | onda | oy 01 b4 1 0 15
MWDHARN n 24 Lid | ogM [ [T] 17 1 o )
MWDIARY T 2ed | 1 Joog | oo ] A7 0 19
MWDIARKY o ] TR IET) 0aii ] b ¢ p2:]
MWOJARSS n 28 | 1m g | oo1w o1 [X] T 1 [ 740
MWIIARI k] 24 | 1% jona| oo 91 | os Y ] .85
|_MWOIARSD » 24§ 18 [ oo | ooy [X] [X] T ] 12
MWDIARS £ 244 184 Fong | ans 8 od 8 kb4 o0 %)
- MWDIARN 0 244 A T oo | unis [ [ 180 | Il [ .74
MWDIAKS £ Lad ERETT nns [ ] esd | BI4 [ 6.0
MWINARND E .44 27 | [T ite o3 075 | kW ) .81
MWIDAR E] L4 3 | oo | onn 116 (X g | &l 10 a3 |
WWDIARIW E X7 M | oo | ood T 03 27 ] LW 1 35
MWDIARN N .44 24 o4z | GAl 16 01 [ iw 14 150 XT]
MWIDIARM N L <d .3 | ena | oms 116 ©3 F 120 § Ll ) ¥3)
MWDIARM E] 60 | 256 | et | oum 114 At 4 | L1 [ .30
MWIJARSL n 260 | 28 | eosz [ oum [T7] 4% X ¥ o R ]
MWDIARD £ 260 | 233 | o083 | ousk I 048 | o0 | k2w F7] 745
WWTOARD ) 240 | 20 | oon | mam [17] BA3 | o5 [ k29 £ 152
MWDIAIS D koo | 3ow | oo | oo In DA} [x7] L3Y ) 733
MWDIARY £ beo |t | ooos | ooy 1] od [Xi] 129 ] 17
MVDIARY n 140 | 147 [ 008y | ot 17 ot | om | L ] T30
MWDIARS n L0 | 131 | oom | daes 1] 043 | om | x2¢ 1 ] 788
MWINARS ) Led 72 | onsy [Ty o4 | e 129 1 ] 190
MWIDIARY o 2601 181 [ ousy 7] o4i | oo 1y 1 M [
MWTTARY ] L4 £3 | 0453 1] aay_ | oS 129 1 oo 6
MWOIARY] ] 160 ¢ 158 | 0ass | gl 1] a4l | wsa | 1 110 5.7
MWOIARIY 0 260 ) 152 | onss | ol e 043 of7_ | 1% [ 548
MWDIARI] n 140 47 | 04053 | omn 1M [ os) | 12¢ 30 659
a MWBIARY) » &0 50 { 0053 | oo M T en | 129 3 651
“ MWDIAR] ) 260 | bas | 0oy ] uoie 1M [ [ £ 645
MWEDHARY n 260 | 140 | opss o018 1] [XT] ad i2¢ (] 539
MWDIAR) m 1460 Ed6 | miss 0818 11 [ L i 70 535
MWEIARIL o 260 | t30 | oaf | om? 7] 041 LIV} 129 3 643
MWILARYY !J{ 160 117 111153 om? 11 843 LIu 123 150 (51}
NWDIARYS w g0 | .13 | oo | oo ] | (a | i3 i) 533
MATIARYL L] A L4 UMK | 0067 10¢ [X-] [ 106 [) 207
MWDFARYS " 49 [ 336 [oum i neer T oe o5 | o7 | o6 [T 150
NWTARY mn 4 T3 [nies ™ ool ] an e | e 0 EXL)
MWDIARY N 24% [ % | oom | ookt =] o | aw ' i [ 131
MWO/ARTL : 34 _| 29 | noaR § oS [T 05 | ex | koe w Tax
MWIUARY: | 0 349 204 LiMR 0.0M0 [} 941 o3 106 Q0 TA)
MWDFARYD = A% | bal | wise | oee? iy 051 | 635 | eoe 0 137
_ MWDIART] o 24 | tho | now ] uez 10§ 931 | ox t 106 o i
MATUARY u 142 L3 | nosa 0013 10§ [X7] [X1] 3 ] .
NWEIAKT ) 2 5 | now | oo 10§ usl [ em | ko6 %0 697
MWIFART 0 A9 A7 | Nk ) oon e o8 | oy { ko6 100 %
MWDIART 0 49 AN EEETT 106 943 cat | Lme 10 &3}
NWTIART) m .49 ZRETT T 106 adl | om 06 ] [
WWTIARI2 ™ | 139 | uom | oote 108 on | wh | % o &7y
MWDIARTY 0 49 | 16% | Do |0k 106 0.4 5 T 1o 0 [
NWIUARSZ L] 249 | 133 | 00 | O0i 106 53 | 036 1 ses ED 565
. MWTIARY o 20 | 148 [ ani | nans 106 It} ] 06 [ €51
MWIIARST T 240 | 156 | 0odE | pon? 106 051 | mal | ks 1 1]
MWDIARI i T 24 141 | vadd uay? 106 451 A5 L 1 130 6
MWOIAR 1 ™ 249 (129 | opes | o7 106 0.5 (R [ 190 513
I WMWINARY | T 249 1 150 F ok | o, 13 0.5 w5 | L 1 200 506
SWTIARTZ ] 249 . 137 | nos o] [ .51 [E4 LIk 1 210 390
WWDIAKIE m 249 1 143 L gk [l 1] 4.2 110 [y 1 20 146
MWDIARY o 104 1.0 T3] ] u 1.9
MWRIARYY | & a 0,06 104 1™ | 051 wm [] W 39
MWDIARSE -t .50 o 7] 178 | Oe 1 L] 1 T n
SONTLARIY oy 72 RN 2x ] T m (LTS 1 r 17

F Page 5l 10

L




-]
l Btudy D Witer Tac AT Al Turolaity [ ulation Condilats
% CRN | % SPW {mpn) {tcm {mgt as CaCO3} N 7] | Coagulant | Dose Ackl Basa Coug.
. Kaw § Fitt | Raw [0 Raw it Raw Flit, Raw | Fint. | [ adjusied? | adjusted? pH
l e above {Y/ ™ [0
e — — biankeN | blars
MWIDIARYS & 172§ 213 | 00% | om 104 i0 tors | e © Lo
NWDIARY [ L7t | 209 | oams ] noa [ | oo [T} 5 (S
NWDIARLS & [72 ) 204 | 00T¢ § god o4 im | k6 | ket @ %77
MWDIATS) [ 72| i3 | oo | 0w ] ™| ofi | ko ® 549
MWDIAKSS & L7l | LA | oote | 104 k) 10 | o) ] X
l MWDIAKYS & L7 | 175 | 007 | a0 104 | on T e 0 6326
MWDIAR3S 77 L7 | 147 | oon | anyr 104 R | 200 | ko 100 Y]
WWDIAKSS @ 131 | 157 | it | 004 100 7| st | E3t [ 7|
MWDIAR M & 2851 | 237 | owdd | oo 10 71 0N | k3T 1 o =
MWRIARH 60 231 | 2¢6 | ez | onyp [ 7 | am | k3t ) 77
’M_| e is1 | 232 | oous [ [ 137 |_ 04l [¥1] £ X5
MWEDIARM 7] 15) | 24 | oods ] oo 1 of | a8 | eatr o 728
MWDIARM 7] L1 122 | 004 | 0024 105 o | om 817 ) 718
MWDARM S0 1351 91 | fodk | ooz) 19 ot [ o871 | mar 0 TR
MWEJAXM @ 251 99 | noas | oo 15 Tt | om LY 1 » 598
IMWDIAKSM ) 150 X3 | oum a1y 19 BIT [T7] [¥] 0 &9
MWJARM 7] ) 8t 76| o [V 109 e | om | ax ) 631
MWDIARN & 151 | P69 | oaus | ooy i o | oA | & i X
MWDIARH &0 131 44 [ oods | i ) uT | ofy | w17 it )
WIWTIARM & 131 48 | [T ] 1T | 140 TH n £AS
MWDIARM % LS1 &7 | ona | oo L 0.7 150 127 3 €41
MWTIARIY “« L 03 [oan | enm 1% | 083 | 836 [] ]
MWDIARIY @ LA 27 | oost | nose LM | ofl | 8% [ W 25
MWDIARIS @ I 92 | 008 | Bod L 5 | 3% 1 0 .57
MWIUARTY @ A | 256 | oo | oo X .36 .3 1 ) 3
MWDIARYS 0 144 1495 | ¢ofd | nose ¥ A 5% 7 0 o
MWDIARYE © 34| 20 | oo | oot | 04 36 T % |
MOTHARYS £0 44 117 | 00N .o L™ (73 .38 t [ [13]
WD ) M| 295 | emi | nom uw_| a1 | s 1 ™ e
WMWDIARS &@ A | 107 | o | ooy 03 [ am {1 4% 1 ] 5.9
NWDIARIS @ HECREECAD T 1 0% | o% | &% % 681
. NWBIARS o J4 | LM | ool | nums 1L ox | ois | B 100 [x7]
MWDIARYS @ M1 131 | oon | oiee o | net | 8% 119 438
MWRIARSY ) 44 T ool [ oune 0 o | 8% 120 [X3)
[_Miants [ A RN L% o[ % 130 [
NDIARYS 0 M &5_| omn |__don " 30 36 130 [
MWDIAKIS [ A4 oY) T 58 | L3 150 .9
- e [ 2 | 330 | 0066 | 0Ik) [t AN Tio [ 13
NWDIARYG 0 22 | 198 | onge | oasl 107 Y} 137 10 0 5
MWDIARY [0 22 | 280 | onet | ooay 107 20 [ uw | D F) 53
MWDIARY ] | 269 | 0068 | oidd a7 60 | oy | k@ ] 43
MWDIAR G [ 23 |1 | boek | ook Wt o) | ois | ko @ 731
MWTIARIS & 2|t | onet { o w07 63 [ a3 [ Ew i3 ) XTI
5 MWDIARS [ ] 1M | 0064 { a0yt 107 043 124 K10 © T4
MWIIARY [ 23 | 234 | obet | oo 10T 08} | a1 | 10 £ 738
MWDIARY 7] 3 | 717 [o0ed | oo w7 943 | o [ min ) %
MWIIAKSG ] 2 | zo | pods | 0o 167 043 125 10 %0 595
MWDIAKSS 0 22 [ 3oz | onés | oon 07 [T L77 LiD 00 T3
MWIHARS 7] 22 [ o8 | 0oes ] oo i 0y | eas | aio [] e [37)
MWINARSS 7] B | 195 | oecd | oms 07 0l V63 L0 130 677
MWVINARDS &l 23 | T4 | oot 107. udy | e | wio 13 h.56
| MWIIAR) #0 1o [ L7 | neee | oazy 107 [T TN T e X7
MWVIIARN 7] 2 nood | 003 107 [TV W) LIt 150 A9
MWIHARD ] ¥7] aoot | owes ot wad ] 033 Lo 150 ST
MWIMART ] 122 | L | hood | oms9 67 0 [T7] 10 r i34
MWINARYG 7] .22 36§ 0ond | 0ot 167 0! [T ) 120 .21
MWIIARTS ] 2 | t6d | 0o6h | om0 167 0A | kto ) 13
MWESARST & 1% A1 | 083 | oo ) [T LT )5 o 135
|2c3 tnes | 0oe § o L.
MWDIARIT ] 136 | 249 1 003 | ouse 109 [T} 73 LT3 i 793
MWDIARY? & 156 | 335 | ooy | oo 10 ois_ | e 1] m ]
MWDIARYT & 136 | 333 [ now | aus i it | ex 1] X 157
I MWBIART? & 26 | 230 | on3o | aom 109 okt | et .34 « 140
MWDIARS? [ 136 1 3067 | oot | osi 18 [T 3 X m ) 29
MWEIART? [ 156 | 184 | vow | ami 109 nE | 0% | m1s &« 25 |
MWDIART? & 56 1| ouds | ootk W ort | ot | wis ) 1|
MWTUARS? @ .36 36 | oow | oal7 109 [T T 13 ) M
SOWTIARY? S 1 56 63 | oav i3 109 [T [T2] LIS [ L0
MWDIARS? 0 56 | 161 | 0o | oale ] o&k | 018 | LS 0 stx |
WWLUARST [ LS5 | e | 0018 9 alk ) o | 115 110 k|
MWEIARST ) 136 AT [ 008t ool ] 03 | o9t | a1l 1 |
MWTUARYT ) = At | omy T om7 ] da3 | oes | w13 130 .36
MWEARTY & (36 | 138 | ame ] oms 1] oz | ooer | L 149 ]
NWLIARY? 0 156 | 137 | we | wagd ] oxt 1o 150 436
NVDIARYT &0 136 139 | ums M3 1] 032 X 15 [E:]
MWILARIT & 56 33 [ anae e 1] am | tan L [E.] [Fi]
MWIOIARIE [T] ag | 2467 § damy [TT) [ 2] a9 [] 114
NWDJARIS &0 ] 135 | o9 { ods 1o au | as LI} 10 JH
MWDIARIE @ 149 112 | aov 1 oag7? 1K oM | o8 4 L [] n T
MWDIAKIE W L4 u3 Taedn | eals [T ns | o1 | 1y 1 0 128
MWIHARIE (7] 4 TRET T [T oM 045 L3 1 “« I
MWINARIL ] 1A RO ag1h 11 M [X]] L3 1 50 151
MWDIARIE w r] 0 KT T T uM | o | k13 [ o |
MWDIALIE [ 1.4 &1 1 009 | o 110 o | bes | st £ 681
MWDIARIK [ 24% | 138§ udke | uol? 19 7] ade [ ax » (1]
MWDIARM [ 249 147 | noie au? 10 [ ] [ (%]
MWDIARSE 3 249 1 238 [ ooes | s ] 0% | odkd | 11 1 i £n
MWDIARSS [ A 3% | aoas | noid n as ' ne | 4n 1 ia 539
MWDIARSS [ 4Y 34 | s | oo 10 oM | oy | w1 1 n 653
MEWTUARSE L] 3AY .15 (2] L) l‘I!_[ [ [0 0.95 L1} 1 b3 .08
j WWTIARS 7] 249 36 | vaee [ [7] [ [AT] [T} 1 4 L5, ]
. MWEIARS 0 249 129 | ooy [T [ (] [E] 1 50 LX1)
MWDIARIN [ 19 1.3) L a4 LU ﬂ oM At 1 S0 531
I Page 801 10




— SwayiD | Water, TaC UV-254 wy_ [ Tamidny pH Casguistion Condmens
| R CRW | WEFW | (mgi} Thiemy img, as CacO3} NTO} _ | Cosguiant| Dose | Ao Base | Coag. |
. Raw | Fitt. | Raw il Raw FFilt. Raw Fi. | Raw | Filt. -] justed? | adjuyted? gH
s above) [12:7] [0
R TN blackaN -
MWDIARI? 50 251 3469 | 005 [FTH [ udl B35 [] 112
MWGIARSS © 361 | 24 | vnss | end e | it | s34 10 T8
MWOIARSY & 260 | 331 | o039 | g e | oy | i3 n 755
MWIARY) o0 36| 213 | onsv | uwsy oa | 031 | 338 x EXY)
MWIDIARSY ) 68| 198 | oasy | nom o | o | %38 - 7%
MWDIARSS & L6 &7 | 0ok LI 0.4 0T 128 50 729
MWINARS [ 16r | 130 | oo% | oanh r 04| 429 1 ] 71z
NOWTIARSS ] 168 | i34 | gust | oads X o | 326 1 L] 108
0 68 | 166 | 0039 | oads M| o4 | 336 1 [ %
MWDIARSS 0 68| VAl | oo | peny a1 | 036 _| 416 1 w [T
MWDIARSD ] 161 | 160 [ onss |t | 0 | s T [ [y
MWVDIARDY 60 158 | 150 | wesy aal% (%] arr LM 1 [T0) A3
MWINARI? ] 6L | 1% | uess | ool [x) 7 | 138 1 it 5]
NOWTIARSY ] 161 | 157 | ooss | een) [ | 138 [ £62
MWINARDS ) BL | 14) | oos | dedl ] CHE [ Y]
MWIARIY M) 16k | 1Al [ oot | aagl 41 92 | 326 150 %31
MWIARIY & 1ok | 14 | bess | ol A | Gor | 2 T} ¥
MWOIARS 100 15 | 167 | 0043 | 0@ 25 M 1 ] [T
MWLIARA 150 158 148 ] D043 [T2]) ofs _| ddn i L1 1 [T LI T
MWDIARA o0 155 | 23 | 0o | Do 033 | oo | €29 E] T
MWIdARLS 108 5 | 3 | owi3 | ool 0ts } 03 1 s [ Tar
MWDIARK ‘toa 35 | 231 | nesd | oms 0xs ] 03[ | & [ [ tat
MWDIARA Ton 358 | 336 | oo § oon uzs_j 00 1 & 0 737
MWDIARA 10u 25§ | 3o | noey {ame nss § 03l | B2 1 @ - 73
MWDIARA g 255 | 208 | uoy 003 L 088 foax [T1) 1 » 104
MWDIARA 100 258 | b4s | oms | 0uds ey | #as | K3 1 0 637
MWDIARA Jon 735 { i+ | oo | oo s 1 o3l | ED [ % 531
MWDIARA 10 338 [ 134 [ ooB | oms 0iS | o33 § £ [l 10 R
100 233 | 185 | eody | Amd nis ] 0s3 133 [T [%:l
[ 257 | 333 | doad | thnes 300 | 082 § mas [ 345
I 15T | 2AL | Gbaz | 0o 30| 033 | by W 743
&0 157 § 33s | ooz | 0o S0 3 0 | me 1 20 T
[ 2357 | 306 feoe | aon 3001 vae | mes 1 ] 7.5
[ 157 | 304 [ eeaz | 0o 310 _{ 037 | wes 1 ) 733
] 197 | tw | oom | am 310 | o34 | mes E] [ 236
7] 15T | 19 | doia | oms Lii_ | 030 | a8 1 & 213
0 157 | 1es | oba | o0 AR | am £ 7o
7] 337 | 166 | ooa2] oux 103 » %
[ 157 | 139 | 6o | uaz ] ) [
[ 237 | 137 | ootz | omi [T} 103 3
& (57 | 149 | ona3 | oam 195 [0 [
& 57 | 4L | D43 a.ni 105 1 30 6.7
at 157|147 | ooz | om0 205 [ % 655
- [ 157 12 | ooa) ome 108 1 i [X]
S0 257 | 139 ] oai | _nmiy 453 1 IE] 540
w0 g7 | 136 | o [ 1.3 [ 160 [
& .57 ) 133 | o [TTH | ins 1 o 630
[0 57 | 141 | aedi | oot | i85 1 % a1v
at 57 | 138 | ood | whie 0 1 % 613
50 Ik | tm [ osm ™ [XF] 1 [ 5o
I Tek | tob | oure | s ] Lty in 747
] s | b8 | ea7y | pnose ] L po 735
E 16 | 148 | @y [ ¥ 0 a5
51 264 | 333 | vats | oom " [0 ] 55
St 266 | L3 | OO | g T [YT] s en_ |
0 T4h | 143 | aom I ek ¥ ¥ o 673
] YT I T T T 0 7 &40
5 Tk | 1% | 0om | oal " X o )
£ x6d | L33 | 009 | now ] [X ] ¥
0 AT | P& | nosl | fos ] [Xi] ] 513
) 337 | 333 | ookl | onw 0 (T3] W T4y
) L3t | £19 | no6i | aesi 0 [X3] ] 73
o 137 | 200 | ooel | oon ] ] % X7
) L T 31| noel | ages 1m [Y T 701
50 1 | 002 [[] 17 1 ) s
0 opsf | el 1m0 ] 1] 1 ) [
L ol | vam o 30 X 1 ) 560
0 Bt | ou ] ) T v [ &3]
(1] LG .34 103 X A 7 1 2 BAF
= LRl | e [T} o7 7 17 1 i 64l
= el | oo 10y B3| 1% | a1y 1 [T} [N
= IRl | i oxr | ot | 4n 1 [ (%3]
» wimi | oS 06 arr_| o | aw 1 w 2k
» [0 [ 10 247 471 12 n 255
) v | oy 1% o7 | ok | 332 W 73
) [T TR ) 108 ox | o3 | sz o X
[ oml | eo% 105 ng_ | ast | i ) T13
) wot | sen o5 [r nst | W32 @ 57t
in [T 20% 1] A, AT 133 1 m
) il | oeon 1% b o | [ 633
10 wml 20M G AT [Tl 132 k] h$4
n [ [ 05 t I [T [ 649
0 [ TH T 106 7 20 | 1R ia 633
W Wit | o 106 Y5 ] 3 A 2
0 i | oea7 106 T FEE £ 613
) oofl | 04l 0% war 1 e | L3 [ 39
0 v | ool oo, [ Y I YT [ [ 3.9
U 0 ik 0.0% a3 IR . 1 [ [XT]
F [Ty 249 13 30 ! pal 74 1 10 176
S 0G| 0048 1) I 03T ] i 1 x 350
] Do |__noel 1w TR T ) 1 i 33|
ur [T i i_EI 1T (5] T 1 &l .20

Page ¥ ar 10




come-B5
Atudy O Vister TOC V-9 Aikaskieity Turtigiy
% CRW | % SPW fiiem) a8 CaCo3 [EiT]
Raw | AL | Faw "r-_u.'_ J%‘ FiE | Raw | AL 0:1"
]
MWDIARAS ) SAL | 337 | ones | ueds 03 130 | 03 % gAY
MWEIAR 5t 30t | 235 [ oo | oom 3 1% | niy ] Tt
MWDIARA: X e | oo | amy | s 136 | o o ]
MWDIARSA = y. 1m | oues | oon ] 10| 03 ) 37
WWDIAR = , 2 | 0666 [ 0ol 103 10 | i W wn
MADIARG 5 Y 97 | ooes | oagt =) 130 | n3s ] )
MWIIARS ] . 5 | ooes | oot 03 30 | nas T 561
WMWDIARS ] X Y | onts | 8% ) 36 | ne ] )
MWDIARM E] 5 0 | s | vaw 13 % | Dse ] 631
MWDIARA n | L [T o] 30| nsi 14t [
NWDIARAL [ 1] L6y | oo | ems 2] 30 ] ns 50 rr
MWDIAREA 0 Li1_| 156 | o066 | oaw i3 30| _nas 188 634
MWDIARSS 0 36| 283 [ i 57 _[_nm — [T)
MWDIARLS a 48 | 3w G547 05 [T XY L] 790
| MWDIARES ) 146 | 238 0042 105 087 | a0 Fo] 51
MWDIARLS ) 148 T 0036 s ol | ok 0 33
MWDIARES 30 246 | 196 [T 105 oti | w3y ) A
| MWDIARAS [ Tas_| 1ma [YE] 08 o | we a 38
WWDIARAS ] 746 | 132 ] 93 ) w ATEE
MWINARES [ 346 ) [ 103 W71 et £ X5
MWINARAS 0 146 T n.037 105 [V AT 7] 2
MW DIATAS [ A6 & 26 03 057_{ oo w0 X
MWINARES [ 146|139 Guzs ] LT _1 a7 ng .75
MWDIARSS ) 1% | 135 ] 105 0T {094 [T 671
MWDSARAS 30 % | 132 [T ] oA7_1 048 2 61
MWDIARAS ) 1% | 14 apm | s ol | om 30 630
MWDIARAS 7] 46| 14 m1 s ot | o [ &it
MWDIARAS w0 146 | 1A% [T 1o ol | W 0 7]
MWDIARAS o] 1% | 3% [TTH] i k7 |10 @ 530
MWDIARAS 30 4% [ 1% [T 05 [CR A m 637
MWDIARAS 0 14 | U3l [T 105 TR T80 [Y
MWDIAR 7] L4 236 | opa0 | noa s [ [ 30
|_MWDIARAS ja % | 14 [abe | o i) N em n Tie
MWOIARSS 0 A 143 | ane | o018 03 nn ] F7] 743
MWOIARSH ] L4 | 243 | ones {oomd 5 am | ez | ] 143
MWDIARS 50 26 | oS | toan | park T | es: - 731
MWOIARS 1] 4 | 200 (opm i wbig | g | es) ) 1%
MWDIARSG 30 145 36| 4 { Ao 108 wn | e ] AT
MWDIARM 50 48 B | pon uulo s .73 €71 k] 4
MWDIARNG 0 144 75 | ona { _ om 103 13| _oa [ 5.93
MWDIARAG % ia_| 1ol { now | 185 o | o5 L] [x7]
MWEDIARAS I 146 | 139 | vom | uom 103 | ess 00 575
MWDIARAG ) 14 | 159 | Uoar | ik a3 ] 1i0 656
WRCIARAG ] 146 | 126 | ona | 0im [ 1w 7] 50
MWDIARAR ) Lag_| 133 [ oian [ s 105 D | LW | 30 3
MWDIARS 0 146 | 148 | vowl | doi7 s LT | 82 [T XTI
MW AR ) 1% | 107 | ool | oo [ T T ) ] T
MWDIARSG 0 46 | 115 | obar | oimi ] %] % | 1 ] 13
SWDIARL? 30 LTS L¥% | n0s3 4062 [ AL s | an o _ .27
MWDIARA ] L7y | %70 | 0DE) | o ot o | ew | o A5
MWDIAR] E3 179 | 399 | oba3 | woal 15, e | s | in W 55
MWDIARA) ) 7% | 130 o | o ] o4 | 4% | W £ 73
WWOIAM 5 % | zis | ones | onm ) a Y < 3 |
MWIUARA] [} 179 | 134 | oods | oum T3 42 127 E1] s |
NWDIARS] % 17y | 1% | ond | waes 0y AT 123 & .13
WWDIARA) 50 2% | 1% | ool | oaes [ nAL 121 £ 03 |
SIWTIARAT 5 1% | 169 | 0063 | uimd ['H [ ] [ %
MWEHARST 30 1% 150 { nos) T4 [ 041 133 ol X7
MWDIARAT ) (] Vol [y 173 o0 .77
WORDHARAT ) [ [T T1) [T FYe]
WWDIARAT £ ) w1 | b 123 120 §45
| MWTrART 7 Wl 64l _{ o | &1 130 633
MWEIART 50 w1 waz | ese 133 [ 634
MWDIARAT " [y [YFY L) [31) 13 (-]
MWDARAT 3o FC A2 1.0 [¥1] 160 gt
MWDIARAE 1 2] I EEIREL] [] 10
t 100 2] 240 [T} 281 o 15
MWIIARAS m 71 2an | 041 .91 20 13
[ it} 7 T | 034 0l ) T
WOWTIARAL 100 £ TRNE] i i Y]
MWDIARIE ] 73 a1 | aas | el 0 T
MWTHARIE ] 71 TR K @ [¥r]
MWINARLE 100 T3 341 .95 291 T H13
MWTHARAE 0 73 i | ol | 391 W )
MWIVARIE [ 7 YT D T ] .50
MWINARSE 30 " 7] % | I\ [] 9%
MWIHARAE [ = %] o | e 1 8
NWIRARAK s [ uM | ogt | e ] Xl
MWINARIE sa [ a3 | i3 | 19 1] EXL]
MINDHARYE o] [ 93 | ol | Im ] L]
MWINARAR So [T [X7] 0.0 791 E) E
MWTHARSR 0 [ LXT] T3] 193 [ 34
| MWDIARE 7] o 3] [ 783 u 27
MWDIARR w0 ) [XT] u | %) x 12
| MWDIARAE 0 w4 oM | o | Tay ] 13
MWDARSE E] [ 4,34 040 T41 100 pl]
MWDIARSR 0 ™ aM_ | va | Tm 1o 835
MWDIARS W 235 | LS4 | ned? | e [T LT ) ]
MWDIAR [ 135 | L% § 0oy ] Wi+ vaa ] 7w [ 506
MW DAY S0 55 LM ¢ D57 L] [Er [T T 533
MWhiARa 50 L 55 147§ ney? ] LH | m .93 5 (7]
MWDIARS | 50 255 ¢ 14k 1 unw ] W 1 iga | Yo o (XS]
LSTNDIARe e, L il
Page b ol 10




u Toe (A Coag
. Stucy 10 Water ToE UV-254 Alkakaity Turbidity &H utation Contions
% CRW | % SPW ImgiL) iem) {mei a3 CaCO} INTU [ Coagulant | Dose Add Bass Coa
i} Foew | P | Raw | Eet | Raw | FIR | Faw "Tr_m. Raw [FilL| D adfukted? | adjusied? —pH.L
. _— w00 mbove] [ 7] i
. . DlankeN | DlankeN
MWDIARAY [ 1) | 136 | 997 | o 7 uss_ | iot 1 0 TH
MWOTARAY 0o 113 | 330 | o9 | oned T 051 ] a0 0 55
MWOIARAD 108 L33 [ a5 | 007 | e 7 T W 74
_ AWDIARAS =3 33 [ 200 (a3 | oo T 0s6 | Ro7 % T
WWPIARAS x] R ANET E5] i | a0t ) 3
WOWDIARAY oo | 1¥ %5 {aur | oo n s _| ko7 %
SRWTTARSY | in [ . o | e n a5 | wom @
MWTDIARSS 1] 231 .78 | 07t 0437 n 1047 1] k)
MWDIARAS I3 331 | 1« | nov | ons i nat_|_Eo7 3
MWDIARSS | 331 | 141 [ oo | s n w37 §_ Ko7 «
MWDIARAS ] .33 3t | now? 0438 2 156 [17] im
WWDIARAT o b 239 | 131 | obrr | s nen | kot D
MNDIAMAS 102 1) | 130 | oord | aml T uas {507 138
MWEEARSS o2 153 | 135 | oug | aine ) e | ot 130
MWDIARS 105 i3 [ 120 | povr | oma i) aes | kot 145
WWDIAKS [T ;3T | 2e0 | noad ] b 131 0% [ os | en o
MWDIAKS 3 137 | 237 | oo { oams 13 0% | ust | En 1 0
MWDIARS T 337 | 215 | oba | cum i ol | o047 | 33 3 »
WMWRIARS i T3 | 23z | aow | oms 31 a% | os | en £
MWDTARS %0 337 | 107 | ood | nos i L% | oél ] 1D ©
MWDTARS ] 137 | 1% | oou | oo 13 %_| e | 11 3
SOWTIARS 100 137 | 1% | nes | o 13t %6 | o7 | an 3
BIWDIARS 1o 137 | 14 | uaa | nae o %6 _| o7 23 £
ROWDIARS Ton 337 | I77_ | voes | oo 3 ww | ase 23 o . AT
MWDIARS 0 137 | 175 | ooa | o 3 % | 08 ¥ T 0 7.05
MWOIAXS o 37 | 168 | 04t | gAls 3 wm | om ] iz ;) 06|
MWDIARS 100 137 | 165 | ond | nat 131 0% | 10 .23 10 57
MWEIART 100 30 | 445 [0 ] o.ee fxd 7] (% { wm + 08
MWDIARY ] %0 3 |l oom Ed LT _[ux | tw \a M
MWDHARK i 50 17| oo | ooy o] 3| umw | tm = 735
NWDMRE 1% 90 |31 (oo | Aow | W 3 i | ww T |
MWFIJARN [ 1.%0 L3 | olig [T n 1.7 13l [0 & 551
MWTIAKS | 30 | 33 |uiin ] omv ko] 17 [ uw | zw n_ i |
NOWEIARSD too 39 | L6 | ollo | oau ™ T ot mm 1 ~a
MWDIARSD joo 346 | 36 | iin | _ome T 17| nie | wew 1 &l
| MWISARYD Im i | 19 ] oo | uade fxl 17 | nas | seo 1 m
MWOIARSD i ) 350 | tou { i | am 7 13 [ as? | s 1 o
MWDIARSO 106t 3 | 208 {od10 | ana Ed [ T T T3
MWDIARST [ 396 | 140 ] 610 | e ™ T ] um | s tio ;
MWDEARST o 308 | 3.7 | ooer | aim [ [T 0 [ 15
MWEIARSD ] | tes | uoed | oo n ol 1 033 | _T® i 58
MWRDIARSL 1o 3w | 335 | oo%y | wum o {636 = 0 ]
' MWDIARSL 0 3.0 Lo? ﬂ.ﬂ IS i) 145 _i 1.5 bl T.14
¢ MWDIARS o0 30| 143 | ooy | i [ i _| 039 | 1% = %
WWDIARSL | 3o | 13t | oesd | nne u % | bas | a0 [ 06
MWDIAXSL Th o | 295 | 6097 f ool i oNs | o | m & 97
MWDIARST 100 E I TN T ) o g5 | 0% | I 1 ™ [k
MWDIARSL i 309 | 231 | 6ewr | oo 1 ais | 831 | Tm 0 3
MWDIARST \o0 3% | 21 [ ooe7 | uow O] | e | 1w ) &37
MWDIARS] 100 i | a6t | 057 | oo [} a3s | on | Tw 1% A3
MIWDIARST i | 3ot | 14 | omwr | now 7] a8 | om | 14 1 1 33
MWINARS o | 108 | i3 | owwi | oo 1) a% | ew | 7w 0 33
MWDIARSt oo | i 91| ousT | _voss 5 aEs | 0o | Iw 1 [ ¥
MUTHARS) 1] 5 7] [T wm | o3t | ;. o T8l |
MWDIARS] 1o X T onl A | o | TR 7 ) 7m
NEWDIARS? [ T L & Bwsl ns | aw | TR ) 73
MOWITA RS2 100 % ) [X;] 23] IR 0 1
WDIARS] 100 ; a5 0% | a3 | Im 3 o |
MWDIARSE 100 i | ia o | ex ) im ) 7
HWDIARSE o | | L5 07| o3 | 17 3 @ 3%
WWDIARS? o T | L6 i | a8 | I% 3 ™ 684
MWDIARSE it X I ) o | osd | 12 () &N
WRIARSZ wa 8|16 o | uw | 7% 1 w 563
WWDIARSE i X im | uw | om 1 o [X]
WDIARS: it T | 143 im 1 asm | i% 1 4
' HWRIARS [T RO T m | em | 1m E X7
WWDIARSS [ T | 2 in_{ o5 | o7 % ¥
MWDIALS? 1o 2 | 1 im { im | 7m < 7
3 WWDIARSS 1o 235 |z L] 0] em | Im [ 18
MWDIARS I 135 | 1 = 8| it | 7m 1 — 758
MWTIARSS 1% T L Lio_| o | 7w ] u 73
MWDIARS} 100 135 | Y6 | N iin_| o3 ) Tw N 13
MWDIARSY T T ) 3 2 - o7
MWIIARSS T 13z | 7 | n e ] 9T
MWIARS} T 135 | 145 £l [ ™
MWDIARS) T | 133 = £ 561
MWDIARSS a0 FET IED E] w X
MWDIARI3 3 T ) = C [
MWIJARI} 1 123 131 ] 1L [}
MWDIARS L 100 223 1.1% 7! L] 110 6a%
MWDIARM 0 | n = 3 0 Ta
MODIARS 3 91| 181 = [ T4
MWEIARS ' 31 | 1w ) ™ £
MWDIARSY 100 791 | 183 n % 738
MWBIARS: [T A | 108 3 @ a8
MWDIARS I 3m | N ] —® T
MWDIARSY 00 293 | i £ 1 ] AT
MWBIARS 3 231 | 1M 7 T 583
MWLIARS 5 382 | .3 i) 7] &L
MWDIARS 10 281 | 1 7 % 535
MWDIAKSY 1) 392 | 1m (3 T 549
MWRIARSA W FE LR n ¥ T 537
i Page 9ol 10




LﬂLxxLan

Coag.
7o
1]
[ATF)
|
393
55
]
7
5%
33
13
13
2
7]
T

Bass
ueted?
EaneH

lation Conditions
adjusted?

3
m | b b ufx_» FIEIET I FIE m_m_m_mrm mr

g
ol
rm_ﬁ
& ﬁmnmmmmmmmnﬁmuunannunun .
A 35l . :
mm ﬁfwmwmﬁumzmmmuuwmmmrmr_ f

conv-8-5
L 2

i (08
D41
[T}
at
[osi
133
[X7]
[X)
[
o4
29

0]

[z
124
F]
L3
a
[F.]
[X7]
BAY

H Aunnjneemscuru_nun_a_nuun_na. .
SRR m_m e m_m_
B | [5{s(3{e(s0epe(e(oleteelaoiafelslege

[T ]

2 | [als{sfalals|zfa|el=|=|e]slsisiz]l]x]5]5]]

o e I .
3 | lefstslsslalalslalalalalalals[alslslzls]a

slelaisislateislelglalelslslslsialc/slslsls]

Wiier
% CRW | % aPw

]
]
5
MAVEIARTS
H]
MWTDIARSS
]
MWDIARSS
RSS




canwF-§
Uty 15: MWD TACWO., GOWD, EBMUD, MWD, SCVWO}
| i 1 _ |
. . FSwayin: EC Study baia (Optimization Shudy 9795, eic)
{ [ } { | |
_ {Z Source water: SPW/CRW (River, lake, groundwater, alz.)
|
l;.Toutcn waler ID; (State Project waler, bland of.... etc.)
]
. |§.n.ur1m invel of study: Bench-scale {in this dats sheet, “FiRL" mfers to cata collected
|(indicats with an "X} Pllot-scale aflar coaguiation, otrulation, sedimantation, and
X JFull-scale Altzation.
- i
. Indicate with an ‘X' if data reparted 45 JFn‘t.'m Trom sampies collacied after sedimentation pnly:
T I 1 | | O alter sedimentation And HIEAtION:
WATER QUALITY DATA: CONVENTIONAL
| el — _
Study 10 Water TOG Uv-284 Alalinty | Turbldity pH Tomperature
SPW | CRW (mgiL) 17em) {mgiL s CaCoB) T 0 {deg. G} i
Raw | FiL | Raw Filt Raw Fit. Raw Flit Raw | FilL | Raw | Filt. [dicate disinfectant | Chiorins
used with an % dose
. chiorine| hioramin |(mg Cl2L
MWDOD?1 X 245 | LB8 ] 0073 | Q028 74 210 150 112 0.5 mg/L C12 thru floc basin; 1.7 mg/ |
MWDODPIL X 2.41 1.86 0.069 0.020 - M 2.19 §.20 103 |0..'r mg/L CI2 thru floc basin: 1.7 me/ }
MWDODPL X 231 | 171 | 0068 | 0026 7% 230 1.10 10.1 19.5 me/L. €12 thru flo basin: ). 7 mg/
MWDODPI X 12t 1.70 0.064 0024 14 200 1.00 10.9 IO.S mg/L €12 thra foc basin; 1.7 mg/
MWDODPM X 243 1.80 0073 426 74 1.80 4.50 10.8 105 mp/L C12 thra foc basin; 1.7 g/
I' MWDODP2 X 126 | t33 [ com | o627 £ 0.93 195 113 1.0mpL Ci2. | e @ 250C
MWDODP2 X 231 | 143 | 0068 | 002 ] 1.60 796 10 1.0 mgh £12, 1 bt @ 230C
MWDODR? X 23 | 159 [ 0055 | 0030 7 150 .03 1.0 1.0 mg/L C12, 1 br @ 250C
MWDODP2 X 211 1.42 0.069 0.028 T3 120 .92 112 1.2 C12. 1 hr @ 2500
[ MWDODF] x 247 | 231 | 0e36 | 0.0% 11 058 130 120 10 mgl B, | hri@2%C
MWDODF X 2.51 2.08 0.036 0.027 it 030 .41 120 1.0 mg/L CiZ, 1 MQISGC
MWDODPI X 231 190 | 0033 | 004 10 0.8% .M 113 1.0 mg/L CI2, 1 br @ 256C
MWDODP4 X &DS LIp | ¢03) 0.004 13t 476 B.33 12.0 1.0 mp/lL C12, Iﬂﬁoc
MWDODPS % 227 | 234 | 0076 | 0.071 it 140 0.60 1.7 1.0 mg/L CI2, | bt @ 250C
MWDODP X 242 1.98 0.073 0670 1] .M B.63 11.7 LomgL Q12,1 ilr@l'mc
MWOODF! X 7 | L9% | 0087 | 00M 7 1.50 797 9.3 1.0 mg/L C12, 1 br (@ 23aC
MWDODFS X 243 1.82 | 0,074 0.0 [1] 1.40 4.69 11.7 1.0 mg/L CI2, 1 hr @ 250C
MWDODPS X 27 LAl | 0079 | 0.036 75 1.48 3.46 10.9 1.6 mg/l. CI2. 1 e @ 250C
MWDODPS X 264 165 | oo74 | o028 75 (D) $.41 1.2 1.0 mg/L CI2, 1 b4 (B 290C
| MWDODPS X 276 | Le3 | oos3 | oon 70 L.80 751 9.1 L0 mg/L CI2, 1 hr @ 250C
MWDODEPS X 2.28 159 | 0062 0.039 LI L.60 3.0 113 1.0 mg/L CI2, 1 he @ 2%C
MWDODPS X 162 L6 oq7 0.027 it L30 2353 1.t LOmg/LC12, 1 ht@l.’mc
MWBODPS X 1865 1B | 0072 | 0030 76 210 144 11.0 1.0mgL €12, residual, | br@ 2ol
MWDODPS X 262 | 168 | 00E0 | 0024 76 2.00 137 109 1.0 g/l C12, residual, | hr @ 250C
MWDODPS X 167 | 151 | oom | a0k 70 2110 101 92 1.0mgA, CHL, residual, | he i 250C
MWDODPS X 10 1.2% | 0085 0,012 16 1.9¢ ! 837 11.0 1.0 mg/L €12 residusl, t hr @ 250C
MWIDODPG b3 262 | 132 [ oo0n | o018 3 1.30 145 11 1.0 mg/L CI2, residuak, 1 hr@ 250C
MWDODPG X 276 | 124 [00% | ool o 220 197 9.2 10 mg/L CI2, residusi, 1 br @ 2%0C
MWDOORE § X 267 119 0.080 0422 76 1.30 3.3] 10.9 1.0 mg/L C12, residus), 1 llr@ 250C
MWDOP1 | 92-98% 254 | 271 | ones | 0064 76 .53 790 1.7 1.0 me/l. €12, 1 br @ 25eC
MWDOPL | 9280% 277 | 1355 | coss | 0.0%2 0.50 8 121 1.0 /L C12, 1 br @ 250C
MWDOPL | 92-88% 2% | 237 | o033 | oos 71 220 105 9.2 1.0 mgll, 012, 1 hr @ 25%C
MWDOPL | 92.08% 259 | 217 | 0083 | OO0 1.8 .96 102 1.4 mgfl. C12, 1 hr@25eC
MWDOPE §2-59% PN 146 | 0.084 0.022 7 1.60 8.2 10.6 1omgLCix 1 hr @ 250
MWDOPI_ | 92-00% 260 | 142 | oom3 | 027 7n 150 214 113 [ CE, L he@250C
MWDOPL 92-86% 27 1.33 0.078 o 180 .55 126 1.0mg/L CIZ. | hr @ 250C
MWDGPL | 82-39% 330 | 202 | 009t { 0436 110 (X7 14.9 1.0 mg/L, CI2, 1 he @ 250C
MWDOPI | 92-86% 320 | 159 | 0099 | 0.035 75 110 60 | 135 1.0 mg/L Ci2. | br @ 250C
[ MwDoP1 | 9299% 3435 | 203 | o | 0039 77 1.75 351 143 1.0 my/L CI2, L bt @ 250C
MWDOP! | 92-98% 17 155 ooz [ 0o [ 7 072 1.8 113 1.0 mpfl. €12, 1 hr @250C
MWDOP: | 82-100% 346 | 301 | o010t | 0.099 0 1.60 136 174 10 mgL CIZ. t br (@ 250C
MWDOFz | 92-100% 337 | 299 | o088 | 006 200 214 17.5 1.0 mg/l, CI2_1 be @ 2500
MWDGOP 92.100% 31.26 193 a1l 0.036 1.55 334 16.6 |.um|.cu. 1 h@ZSnC
MWDOPY | 92-100% 343 | 207 | o12¢ | 0.04 T 160 £24 16.1 1.0 mp/L C12. 1 br (@ 250C
MWDOPY | 92-100% 353 | 207 | 0111 | 0040 ) 1.80 0 16.6 1.0 mg/L CI2, 1 br (3 250C
MWDOPS | 52-100% 367 | 212 | 0115 | 0040 1.60 .24 16.2 10 C12, 1 hr @ 250C
MWDOP | 92-100% 308 | 185 | 0.100 i 003 210 7.59 211 1.0 mg/L €12, 1 hr (@ 250
MWDoy [92-100% 339 | 18l | o004 | 0043 50 170 8.03 189 Lo mg/L Cl2, L hr @ 250C
MWDOP1 | 92-100% 320 | 185 | Dloz [ 001 250 1.09 182 1.0 mp/L C12. Lhr @ 250C
MWDOF | 92-100% 337 | 183 | ogod | 0032 8] 170 211 178 1.0 mp/L O, t hr @ 250C
MWDOP4 X 334 | 360 | 0.006 | 0,097 85 149 733 2.7 | mg/L. resid, 1 b, 35 o€
MWDOP4 X 35¢ | 380 | 0106 [ 0100 5 149 255 217 Y mp/L resid. | br. 28 oC
MWDOR4 x 354 | 350 | 0106 | 0091 15 149 788 7.7 1 mg/L resid | br_ 25 o
MWDOP4 X 354 | 286 | olos | 0067 15 149 TES JETE] 1 mg/L resid, | br, 23 o€
MWDOP4 X 354 | 301 § 0106 | 007 1 145 785 317 1 mg/L. resid, 1 hr, 28 oC ]
MWDOP4 % 354 ) 301 4§ 0106 | 0082 13 ) a9 78S 21.7 1 mg/L resid, | br, 25 o€
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.. coneF-§ I
' Sy 1D | Water TOC Uv-284 Atcalinity Turbidity oh Temperaturs I T
'j SPW | CRW { {ifcm) {mp/L 23 CaGO3) Ny ) ideg. C) Fi
. Raw | Fif, | Raw | FiC Raw Fit | Raw | Fit |"Raw [Fil | Raw | Filt |dicate dinfectant] Ghicrine
ussd with an X dase
chlorine} hioramin |(mg ClzL
MWDOP4 X 1% | 307 | G106 | 0077 M 143 735 27 L mg/L resid, 1 br, 25 o0
| Mwpoes X 354 | 302 | oios | 0.0 [} 145 705 217 [ mg/L resid, 1 b, 25 o
' [ MwDOP x 3% | 238 | oaos | 0088 [ 145 705 27 1 mg/L resic, ! hr, 25 of I
MWDOPS X 354 | 230 | oioe | ees i3 148 753 T 1 gL, resid, | he, 25 of
MWDOPMN X 3.54 237 0. 106 O._ﬂ_sl 2] 149 728 pik g 1 resid, 1 ke, 25 ol
MWDOPA X 350 | 123 | 0108 | oods 15 149 735 217 1 mgL resid, 1 iy, 28 oC
MWDOP4 3 354 | 23 { wioe | o008 RS 1,43 735 217 1mplL. resid. 1 br, 29 oC
l MWDOP+ X 154 | 282 | 01d ] 0080 [N 149 715 217 Tog/L resig | be, 23 0C l i
MWDOP4 x 134 231 | o10e | oom T 149 T T I gk rei, 1 b, 25 oC
MWDOP+ X 354 ) 251 | 0106 | oo T 149 715 217 1L me/L rmwid, 1 he, 25 oC
MWDGPA X 354 | 203 | 0906 | ooz m 149 713 217 I exg/Lsesid, 1 hr, 25 00
MWDOF4 X 334 | 214 | oa0s | o7 7] 1 1ae 753 2.7 .|t mpflresid, 11, 33 o0
MWDGP4 X 334 | 298 | 0105 | 0405 1] 149 743 2.7 Img/Lresid, 1 b, 25 oC
MWDOP4 3 358 | 247 { 0405 | 0057 15 149 13 17 1 mg/Lresid, 1 e, 35 o€
[ MWDOP X 35 | 230 | 0106 | 0088 5 14 725 2.7 1 gL rewid, | b, 25 oC
MWDOP4 X 33¢ | 205 | 0406 | 0087 5 149 783 L7 1 mg/L resid, 1 b, 25 oC
MWDOP4 X 3354 | 201 | 0106 | 004t 15 1.4 7as T 1 mgl resid, t br, 35 oC
MWDOPY X 3.54 lﬁ_ 0.106 0.046 13 149 ES 21.7 | mgiL resid, 1 by, 2_§LC
l MWDOPA X 334 (11 | 0106 ]| oo 1 149 745 27 |t mglL resid, 1, 250C l
: MWDOPS X 244 | 202 [ o039 [ oo 1315 085 77 45 1 my/L resid, 1 he, 25°C
MWDOPS ¥ 244 | 216 | Om5 | oas | LiLs 068 77 245 | mg/L reid, { b, 25°C
MWDOPS X 14 | 197 { 0ma9 ] ooz 1313 065 77 246 1 mg/L resid | br, 25 °C
MWDORS X 244 1,0% 0.019 0.024 1313 068 FAd U6 | mg/L rosid, | ht, 25°C I
MWDOFS % 244 | Led | 0039 | 06 1313 [ 77 Us 1 mpAL resid, 1hr, 23 °C
MWDOFS X Zad | 101 | om9 | oo 1313 7] 77 Y 1 mpLresid, 1r, 35°C
MWDOPS X "2 1199 008 | o2 | bs .55 7 U5 1 mg/L resid, (b, 25 °C
MWDOPS X Z;M l._T! 4039 0.020 _'_ll_l..! 0,55 7.7 .5 1 % resid, lﬂ *C I
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JUEity 1D

[1_Study ID:
[ Scunce wat
3. Source wat
Indicate coaguiants studied:
8. Dencribe le IDl cagula | Chemical formuiz | Units
{indicata with 1 Ak | ALSOR HHO | WOl
El_FTrm: FoCl;"6 H,O mglL
3]
- indicate wit| - |
"[Palymer added: 2, 3,05
IWATER QU TREATMENT CONDITIONS
— - ]
Study ID Disinfection By-products Coaguiation Conditions
ared TTHM HAAS Coagulant | Dose | Acld Base | Coag. | Coag. |
i| bubation t| Reskiual {ugh) ) 1D adjustad?|adjusted?] pH temp.
dose {h) Raw | FiL | Rew | Ft, {sen above) (YN} {¥IN) [1] {deg. C)
L] NH3-N| chiorine [(mg CI2L)
MWDODPI | €12 thru Blters 406 1 40 7.00
MWDODPE | €12 thra filters 1 40 7.00
MWDODP1 | CI2 thry filters 351 30.1 1 40 7.00
MWDODPL | C12 thra filers 1 40 106
| _MWDODPI _j C12 thea filuers 372 31.7 1 40 5,90
MWDODF2Z 30,7 124 1 30 Y B
MWDODF2 319 124 1 35 Y 548
MWDODF2 358 144 [ 40 Y 7.03
MWDODP2 %9 122 1 4 Y .56
MWDODP 29.0 124 2 5 7.91
MWDODPI : 4.8 1.0 2 1 797
MWDODP3 2.5 10.6 2 25 714
MWDODP4 14,0 2.1 2 2 Y 5.59
|_MWDODPS 45.3 19.3 F] f] 7.90
MWDOBFS 40.9 15.4 2 1] 754
MWDODPS 354 161 2 1S 713
;| _MwDODPS 3.9 14.9 2 0 7.3
v MWDODFS L7 19.3 2 20 70
MWDODPS 29.4 02 2 F 697
MWDODPS B4 15.6 2 5 695
MWDCODPS 138 146 2 0 T.13
MWDODPS 25.1 153 2 0 L2 ]
| MWDODPE 12 173 2 19 ¥ 698
MWDODPS 4 122 2 19 Y- 624
MWDODPS n7 27 ] 15 Y 635
MWDODPS 2.2 |4 1 20 Y 6235
MWDODPS 4.1 15.6 2 n Y 6.15
MWDODPS 121 11.8 2 25 Y $.15
| MWDODPS 203 90 2 3 Y a2
MWDOPL 0.8 259 2 3 1.60
MWDOPL 493 29.2 ] 3 7.53
MWDOPL 2 5 736
MWDOPL AB.6 224 2 5 7.53
MWDOPL w3 16.2 1 30 5.6
MWDOP! 282 14,3 2 £ 6.80
MWDOP| 320 16.1 2 30 677
MWOOPL 378 16.9 2 E7] 7.09
MWDOPL 36.1 17.1 2 30 5,94
MWDOP| 3690 17.3 F 30 692
MWDOPL 314 14,3 z, a0 6.38
MWDOP2 &2 30.3 ] 12 N
MWDOP2 .5 9.5 1 [ 765
MWDOPY 43.0 16.9 i 40 Y 641
MWDOP 383 17.9 ] A0 Y AL
MWDOP 414 17.0 1 40 Y 637
MWDo 380 17.1 1 40 Y 6.33
MWEDQP] a6 163 i 40 Y 5.43
MWDOF) 39.4 . 16.4 1 9 Y 634
MWDOF 39.9 2 1 ) Y 5.33
MWDOR 36.7 164 L 0 ¥ 6.3t
MWDOP4 779 34.0 1 10 Y 82
MWDOP4 75.7 33.7 1 10 Y T
MWDOP4 JLA 34 1 10 ¥ 7.00
MWDOP4 59.6 25.1 1 10 ¥ 6.23
MWDOPs $7.7 26.7 1 19 Y 341
MWDOP4 70 8 <118 | 20 3 1.4
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conv-F-5
Study ID I | Disinfection By-products Coagulation Cendilions
sred TTHM HAAS ulant | Dase | Acid Base ! Cosg. | Coag, |
wmimoni| bubation tf Reskiual [ is] {lagiL) 1D adjusted ?|adjusted pH tamp.
dose (i} Raw | Filt. | Raw | FRt see above} {YIN) (Y {deg. C)
@ NH3-N| chlorine |({mg CIZ/L)

MWDOPS 574 24 "} 20 Y 747
MWDOP4 6.7 <233 T 20 Y 711
MWDOP4 549 <2133 1 30 Y 6.M
MWDOP4 499 310 1 F= Y 6,40
MWDOP4 331 209 1 20 Y 552
MWDOP4 $13 24 1 20 Y 571
MWDOP4 62 Fr i 30 Y 7.26_
MWDOP4 6.5 <24.7 1 30 Y 7.05
MWDGOP4 3.0 <L1 1 30 Y 626
MWDOP4 1.3 <203 1 30 Y 5.30
MWDOP [ <173 1 30 Y 5.2
MWDOP4 467 <213 1 30 Y 543
MWDOP4 364 U9 ] 4 Y 697
MWDOP4 5.3 253 1 40 Y 724
MWDOPs s34 <218 i 4D Y 530
MWDOP4 4.9 <I3.7 1 [ Y 519
MWDOPA 459 <150 ] 4 Y 5,65
MWDOP4 451 <156 | [ Y s |
MWDOR4 ) <154 1 @ Y 542
MWDORS 222 1.7 1 15 ¥ 5.8
MWDOPS * 2.0 147 1 20 Y 758

I MWDOPS 15.7 111 1 F) ¥ 50
MWDOPS 16.6 3.5 1 20 X 530
MWDOPS 174 32 |- 1 Eo) ¥ 5.75
MWDOPS 173 <106 1 20 Y 531
MWDOPS 137 [X] 1 40 ¥ 590
MWDOPS 163 Y] 1 4o ¥ 59
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