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Preface alifornia Urban Water Agencies

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 concern in meeting drinking water
standards, the major constituents of health concern in Delta water are pathogens (Giardia and
Cryptosporidium) and disinfection by-product (DBP) precursors (bromide and total 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, CUWA 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 Pirnie, 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 meet 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 wxg/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 1g/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 seawater 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.)

) 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 either 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
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EXECUTIVE SUMMARY

The California 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 to 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 (TTHMs) and the sum of five haloacetic acids
(HAAS). 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 microbiological
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 r.g/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
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 of 5 mg/L
is acceptable with bromide of 150 ug/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 microfiltration 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 wg/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 Delta 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 Malcolm
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.
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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 future 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 Cryptosporidium, 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 regulatory 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
(ie., 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 ug/L standard for total
trihalomethanes (TTHMs) and 60 1g/L value for the sum of five haloacetic acids (HAAS).
In addition, a 10 xg/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



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 a 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:

L. 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. It is important 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.

Potential Near-Term Regulatory Scenario

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 g/l
HAAS 60 ng/L
Bromate 10 pug/L

2.1.3 Potential Long-Term Regulatory Scenario

Stage 2 D/DBP Rule

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 ug/L, HAAS of 30 g/L). Further,
a bromate MCL of 5 ug/L was considered for the long-term. The rational for this level is
based upon a host of factors. First, the 10, 10, 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 ng/L limit was considered during the regulatory
negotiation in 1992-1993, a value of 10 ug/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 g/ was selected for the long-term scenario.
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Long-Term ESWTR
The final outcome for a Long Term 2 ESWTR (LT2ESWTR) 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 would 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.

Potential Long-Term Regulatory Scenario

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 pg/L
HAAS 30 pg/L
Bromate 5 pg/L
2-5 DRAFT FINAL 5/15/98, 04



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 ug/L 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 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
1g/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 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). The potential

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

2.2 REGULATORY SCHEDULE

The recently-enacted 1996 Amendments to the Safe Drinking Water Act (SDWA)
have caused EPA to adopt a 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 ESWTR 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 LT2ZESWTR 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 [ESWTR 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 Delta. 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 a part 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 chlorine 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
TOC 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 currently 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 t,'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 [ESWTR 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 unti! 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 inactivation --
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 clearwell contact time beyond that currently available.
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In the evaluation in Chapter 4, regions of “uncertainty” are illustrated to delineate
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/L and
alkalinity > 60 mg/L as CaCO,. 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 Cryptosporidium
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.c., 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
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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 . 08,1.2,15
7.2 0.7,1.0,1.3
6.8 0.6,0.9, 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 LT2ZESWTR 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 (e.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 turn, 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 (C)
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)
(icg)/i) C/Cy=03 | C/Cy=0.5 | C/Cy=0.7
3 0.9 1.5 20
4 1.2 2.0 2.8
5 1.5 25 3.5
6 2.8 3.0 4.2
7 2.1 35 4.9

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 to 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.
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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 Cryptosporidium, and chloramines will be applied afier 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 HA As); 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 two categories in this evaluation:

1. Membrane 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 softening (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 a 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 a 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 1 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 still 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 softening 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 MF/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. F;u'ther, 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/RQ 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 chlorine 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/RO).

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 negotiation 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-spécific 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 Southern California for all technologies, with the exception
of membrane filtration. When Metropolitan’s estimates are converted to unit costs ($/AF),
the vélues 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/RO 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.

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

in Table 3.4.
Table 3.4
Some Factors Affecting Incremental Treatment Costs
Technology Example Factors Affecting Incremental Costs
Enhanced Coagulation 1. System size _
2. Existing coagulant dosage
3. Required Coagulant dosage/pH
4. Existing and feasible sludge disposal method
Ozonation 1. System size
2. Oxygen feed source
3. Ozone dosage and pH conditions
4. Energy costs
Granular Activated Carbon 1. System size
2. GAC reactivation frequency
3. Method of reactivation/replacement
4. Energy costs
MF/UF Treatment 1. System size
2. Operating philosophy
3. System configuration
4, Backwash disposal
NF/RO Treatment 1. System size
2. Operating philosophy
3. Energy costs
4.

Concentrate disposal option
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4.0 EVALUATION OF SOURCE WATER QUALITY
AND TREATMENT EFFICIENCY

41  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 pg/L. It is

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:

Cr (mg/L) _ Br (,Ltg/;.;)z;' 496
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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 Southern
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 ng/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 summary 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 pg/L, and HAAS MCLs of 60 and 30 ug/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 concern 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 HAAG6 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 (ug/L) | 1 hr. contact 2 hr. contact

2.0 50 23 28
100 26 31

150 28 33

200 31 36

300 36 43

225 50 26 31
100 29 34

150 31 38

200 34 41

300 40 48

3.0 50 34 41
100 38 45

150 41 49

200 45 54

300 53 63

3.25 50 37 44
100 40 48

150 44 53

200 48 57

300 57 68

39 50 43 52
100 47 57

150 52. 62

200 56 67

300 66 79

4.55 50 49 59
100 54 65

150 59 71

200 64 77

300 76 90

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
300 87 104

6.0 50 62 74
100 68 81

150 75 89

200 81 97
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/I. (80% of 80 r.g/L) was used
for Stage 1 evaluations and 32 ug/L (80% of 40 ng/L) was used for Stage 2 evaluations.

4.2.2 Bromate Formation and Removal
Bromate Formation
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 xg/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 1eg/L and 440 ug/L. 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
results 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 ug/L bromate standards, and 1 log Cryptosporidium inactivation for a 5 xg/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 is
relatively new and has only been conducted for about the last five years. Consequently, 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 fuli-
scale basis.

Ferrous Salt Coagulation

Based on results of an AWWAREF 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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Figure 4.1
Projected Bromide & Ozonation pH Requirements
to Meet Potential Regulatory Scenarios
for Microbial Inactivation and Bromate
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from 20 to 50 «g/L were reduced to below 10 ug/L.. Consequently, it is not certain whether
a5 png/L limit could be met (this depends, in part, on levels exiting the ozone contactor).

Reduction on a GAC Surface

Bromate removal in a 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 rai)id 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 pg/L of
bromate to less than 2 g/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.

4.3 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 potentiél 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 ng/L, as this was also 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 xg/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) (%) (mg/L)
3 25 225
4 25 3.0
5 35 325
6 35 39
7 35 4.55

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 n.g/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 target of 64 n.g/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,. raw TOC concentrations between 6 and 5 mg/L and
bromide concentrations between 200 and 300 ug/L, are projected to meet the DBP target
values under a 1 log Giardia inactivation.

Ozone 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 capifal 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.

4-8 DRAFT FINAL 5/15(98 4,



»a .

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 wg/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
ug/L or less would be needed to meet a bromate standard of 10 xg/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.
. 2 log Giardia inactivation in the bromide range of less than 300 n.g/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 ng/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 ng/L would permit compliance with the Stage 2
TTHM target of 32 xg/L in the regulatory scenario.

2. For a 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 ug/L. would permit compliance with the
TTHM target concentration of 32 ng/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 p.g/L.

. 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 ng/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 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.

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 1.5 62 83 124

4 2.0 47 68 93

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 result§ 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 permit
compliance with the Stage 2 TTHM target of 32 xg/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 ug/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 pg/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 TTHMSs 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—préducts 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 ultrafiltration, 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 ng/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.

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 (Summers 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 n.g/L).

44 IMPACT OF OTHER POTENTIAL REGULATORY OUTCOMES

4.4.1 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 fof 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 ng/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 running 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 xg/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
chloroform, and has been associated with spontaneous abortion in a California based study.
Its metaBolism is 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 ng/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., 0zone). Enhanced coagulation would be of marginal
benefit. GAC would still be relevant though it would need to 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 to be less
plausible regulatory 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.

4.4.5 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 tradeoffs. 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.
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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.

4.4.7 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 variety 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 @

MICROBIAL INACTIVATION REQUIRED
TREATMENT SCENARIO/ 1 Log Giardia 2 Log Giardia 1 Log Cryptosporidium
DISINFECTION STRATEGY Inactivation Inactivation Inactivation
TOC Bromide TOC Bromide TOC Bromide
(mg/L) (1g/L) (mg/L) (ug/L) (mg/L) (1g/L)
Potential Near-Term Regulatory Scenario
Enhanced coagulation with free <7 <150-200 <7 <50-100
chlorine/chloramines <6 <200 <§ <;-g g
< <
< <
5 300 = =300
Ozonation with atpH 7.8 N/E® <50 N/E® N/A®
Chloramines atpH 6.5 N/E® <500 N/E® <300
Potential Long-Term Regulatory Scenario
Enhanced coagulation with free <3.0 <150 <3.0 <50 N/A® N/A®
chlorine/chloramines
Ozonation with atpH 7.8 N/E® N/A® N/E® N/A@ N/E® N/A®
chloramines at pH 6.5 N/E(s) <200 N/E(:n <100 to 150 N/E(S) <50
Granular Activated Carbon (GAC) <5 <150 <5 <50 N/A® N/A®
GAC With Ozone at pH 6.5 N/E® <200 N/E® <100-150 N/E® <50
Membrane MF with Ozone | N/E® <150 N/E® <150 N/E® <150
Treatment UF 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 ug/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 pug/L of bromate
for Stage 2, using the treatment and disinfection conditions presented in Chapter 3.

2. 1 log Cryptosporidium inactivation is not a part of the potential near-term regulatory scenario.

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



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 graphically 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 1 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 ng/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 pg/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 wg/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 potentially lower CT values for ozone. It is the
selected level of 5 ug/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
TTHMs 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.e., 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/L and a bromide of < 50 xg/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 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 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 wg/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 value for waters diverted from the Delta), although bromide is constrained to
< 50 ng/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 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 2.g/L microfiltration and < 300 n.g/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 g/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 residual disposal

options, is uncertain.
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APPENDIX A
PREDICTIVE MODELS FOR DISINFECTION BY-PRODUCTS

A.1 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
ym 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
Based upon a portion of the database representing THM formation in 0.45 xm membrane
filtered raw water (approximately 650 observations). Predictiye capabilities of this equation
were compared with THM formation in the jar-treated water (approximately 250

observations). The final TTHM equation developed was:
TTHM = 721 TOC® [UV254°%4 (C1DOSE-7.6*NH,-N)*** TIME"?*
(Br_l_l)Z.Ol

(pH-2.6)°'7 19 TEIV[POASO

[ =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 wg/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)
@ =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.

A2 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 ng/L with
bromate concentrations ranging between 2 and 314 ng/L.

The model used has the following form:
BrO, = 1.63x10° DOC-126 pH>#2 (O, dose)"” 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 equatidn.
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 ulﬁmate 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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canv
[Utiitty 1D: | ACWD (ACWD, CCWD, EBMUD, MWD, SCVWD)
i
1. Study 1D: {{Optimization Study 9/85, etc.)
| !
2. Source water: (Rivar, lake, groundwater, etc.)
i !
3. Source water ID: (State Project water, blend of...., etc.)
] { [
|5- Describe ievel of study: Bench-scaie In this data sheet, “Fiit.” refers to data collected
{Indicate with an "X") JPilot-scale after coagulation, fl lath di jon, and
! |Full-scale fiftration, | I
i
IE. Indicate with an "X if data reported as “Flit." are from samples collected after sedimentation only:
| ] [ | or after sedimentation and filtration:
WATER QUALITY DATA: CONVENTIONAL | 1
I [ |
Date Time TOC UV-254 Bromide Turbidity Temperature By-pr
{mgiL} {4/cm) {ug/L} {NTU} {deg.C) TTHM HARS HAAG6
Raw | Filt. | Raw | Fiit. Raw Fitt. Raw Filt. Raw | Fiit. {ug/L) {uglL) {ugit)
Raw | Fitt. | Raw Fiit. Raw Fitt.
5/30/95 43 | 27 16.2 6.4
6/6/95 4.3 2.0 40.0 29.0 65.9 28.9
j 6/13/95 3.6 1.8 42.0 14.1 67.3 40.2
6/20/95( 3.5 1.9 60.0 15.6 66.3 44.0 48.0 -
6/27/95 3.8 2.0 80.0 13.4 76.7 49.6
714195 4.2 2.3 174 73.3 45.2
7011185 4.1 2.1 68.0 23.0 72.3 43.0
711815 3.8 1.8 50.0 18.5 73.5 45.9
7125135 2.4 720 21.2 726 48.0
8/1195 4.1 22 £5.0 13.3 783 48.0
8/8/95 3.6 1.9 €0.0 118 76.2 49.8
8/15/95 31 2.0 €0.0 11.4 770 58.9
B8/22/35 3.2 2.2 £5.0 10.6 75.6 £8.9
8/29/95 50.0 11.5 71.2
9/5195 3.4 2.0 81.0 <20 12.5 70.5 61.1 37.0 44.0
9/12/35 4.1 3.3 42,0 12.0 2.3 68.9 86.9
9/19/35 4.0 3.2 50.0 <20 2.2 68.4 B5.8 58.0 650
9/26/35 4.0 2.8 53.0 10.0 8.3 67.9
10/3/95 4.1 2.8 48.0 17.0 5.0 64.1 55.4 43.0 43.0
1010/25 4.3 3.0 44.0 <40 4.4 62.6 72.0
10/17/95 4.2 43.0 6.6 €3.0
N 10/24/95 3.9 2.8 47.0 14.0 4.3 61.9
10/31/95 3.8 2.5 45.0 12.0 6.5 61.7 £8.6 35.0 400
117785 3.8 2.6 0,19 | 0.07 47.0 13.0 53 53.9 72.1
11/14/95 4.3 3.1 0.18 39.0 12.0 46.0 52.0
112185 3.4 3.3 0.19 { 0.10 42.0 16.0
11728/95 0.14 | 0.10 86.0 16.0 55.5 23.0 280
12/5/85 4.4 3.4 0.13 | 0.09 1.6 58.5 73.1
12/12/95 4.6 4.0 0.12 | 0.08 39.0 <20 22 £8.0 £6.0 62.0
12/19195 4.7 3.7 0.14 | 0.10 38.0 <20 3.9 55.8 73.3
12/26/95 3.1 2.0 0.12 | 0.09 97.0 24.0 76 52.5 31.0 38.0
172196 3.3 2.1 0.13 | 0.0 150 36.0 3.6. 53.8 64.6
119/96 6.4 3.7 0.24 | 0.10 110 31.0 48 52.7 75.2 54.0 63.0
1116/96 6.4 3.5 0.27 | 0.11 87 240 4.0 51.4 80.0
1/23/56 3.0 2.4 0.18 | 0.16 9.3 50.7
1/30/96 3.5 3.2 0.20 | 0.10 20.0 51.4 77.8
2/6/96 5.6 3.6 0.20 | O.11 750
213196 5.6 3.6 0.17 | 0.08 76.1
220796 5.8 3.6 0.13 | 0.31 £88.0
2/27196 5.8 3.0 0.20 | O.11 72.8
3/5/96 0.0 3.1 0.22 | 0.08 14.0 80.7 54.0 57.0
IN2U0E 5.6 3.1 0.21 | 0.10 <20
V18196 55 3.4 0.22 | 0.10 <20 61.3 49.0 52.0
326196 5.3 3.1 0.21 | 0.08 14.0 81.3
472/96 0.20 | 0.08 57.2 N 31.0 38.0
4/9/96 0.21 | 0.08 94.7
4116/96 44 3.0 0.20 | 0.10 <10.0 59.0 68.0
4123/96 4.2 2.8 0.21 | 0.08 28.0 71.4
4130/96 24 0.09 34.0 76.7 41.0 52.0
57196 37 26 0.20 | 0.08 41.0 73.3
514/96 3.6 28 0.21 | 0.08 45.0 85.0 43.0 55.0
521196 0.08
5/28/96 3.8 2.1 0.22 204 52.3 34.0 41.0
£/4196 3.6 2.3 0.22 | 0.08 246 704
6/11/96 1.9 0.08 17.2 80.1 38.0 43.0
6/18/96 1.8 0.19 | 0.08 10.6 53.9
6/25/95 19 0.08 25.2 43.9
712196 3.2 2.0 204 64.8
7/9/96 13.7
|
l .
) 1 {
l Page 1 STKN-042



~

preazone
Utility 10:_| ACWD JIACWO. COWD, EEMUD. MWD, SCYWOD) | 1 1
1 ] ] | I | ] | ! |
1. Study ID: Routine Tio Study W5, eic) 4. If blended source water indicata
i 1 i | | | | [sources and proportions: |
{2 Source water: River TiRver, sk, «ic] Source %
1 | ! 1 I | | |
k. Source watst 10: South Bay Aqueduct [State Project water, blend of...., atc.)
! 1 I ] I
5. Describa level of study: Bench-scale In this data aheet, “Filt.” refers to dats
(indicate with an X) !Plnm aftar and
X__Jruli-acale fittration, | [ T
I_ | 1 1 [ ! 1
$. Indicate with an ')" if dats reported as “FIit." are from atter only:
1 or after sedimentation and fittration:
[WATER QUALITY DATA: PRE-OZONE 1 | |
! 1 ]
Oxte Time JOC Uv-254 Alkalintty Hardness Bromida Chioride Furbid
{irem) {mo/L as CeCO3) TmgA. as €aCO3) [ NTY,
Rew | Ozon. | Filt. | Rew [Ozon.{ Fit. | Raw | Ozon.| Fiit. Total Calclum Raw Ozon. Fltt. Raw | Ozon. Fitt. | Rew i Ozoa.} Filt.
Raw | OCzon. Filt. Raw | Oron. | Filt.

s 54 x 2 B4 | 132 108 277 05 |
11085 X 74 80 104 70 30.00 .08
11755 7 39 138 | 162 100.0 41 68.60 .04
12455 .9 40 162_1 168 €0.0 33, 50.70 .05
13185 4 70 158 | 154 70.0 25, 56.00 .04

21TR5 .6 52 7] 160 2. 36.50 .04
2114R5 .4 158 160 | 140 71 61, 2870 .05
22185 .3 152 168 42 72, 40. 24.30 .05
272855 4 158 160 | 144 6. 42 10.80 .03

almsl X 122 120 3% 83, B1. 8.20 05
495 T 110 128 [_ 144 50, X 7.0 .05
2185 X 162 3 20 0, 45. 1.20 .08
328/85 2 128 130 | 136 40 a1, .50 06

4Ags 4 B4 o4 110 70. 0. 9.00 .08
411795 X 3 12| 120 200 75.] .00 .04
4N3Gs X . 108 12 | 198 0. 41 .80 .04
425095 .7 .4 90 %4 | 140 20, 82. 217 .06

S12555 .2 12 106 26 [XX 144 .78 .03

S5 X X 78 88 | 108 0. 47 B.68 o4
5N6/95 4. 4, 4 70 72 88 [X 34, 1.23 .05
S/2395 3. 4. ¥ 64 2 80 40 351 23.00 .04
573095 4. 3.| ] ] 82 30.¢ 15.85 .06

&%/95 4 44 44 44 [+] 40. 24 28.67 .04
61395 4 44 4 50 42 254 1317 .03
8720/35 38 25 56 60. 60.¢ 14.93 .08
[P X 48 52 3 60. 5. 1410 .08

714/95! 4. X 42 50 56 40 16.47 .02
TGS 3 £ 48 ) 68. 26 20.62 .04
1nmsl X . 40 44 a7 0. 25. 47.78 .04
TR5/85 4 X 45 53 | % 72 193 10.32 .05

&1785] 4 2.6 48 51 54 85, 184 14.20 .06

rargs 50 52 48 50. 26. 12.73 .07

| &1555 2 X 48 50 52 6. 251 3213 .05
8255 X 54 59 € 5.1 47 10.67 .06
[__8n29ms T 55 &1 54 50,4 =X 1062 .05

S/95 7 59 3 60 81 <5 <20 25. 1237 .08

912795 44 ¥ 106 932 | 127 [FX <40 28 24 .05

| _snars a4 X 112 128 | 114 50, <20 31 82 .08
Q2635 4.2 A 3 06 | 100 =X <20 30. .40 .08
107355 r 4. [T 94 110 40 <40 52, 91 .07
1011085 X 7 103 108 | 104 44 <40 38, 86 06
1017085 [r 1 102 05 { 111 43 <20 | 128, 85 .08
10724795 3 [ o | 102 47 120 | 18. .77 .67
1021795 X 90 3 56 45 <20 21, 438 .07
75 X ¥ 08 | a8 92 58 47 <0 20. 4.70 .07
H495 42 Y 07 | 114 120 | 130 394 10.0 5.0 .06
[_n21ms 44 2 .07 |_106 124 | 124 42 <20 2] 263 .07
[ 112805 08 | 54 58 1] B6. <0 3T X .06
212185 46 43 | 33 .07 | 156 168 | iR 39 <20 14 54 05
12119085 [ 37 .3 .07 | 137 41 150 38 <20 13 422 .08
1272605 X 3. K .06 | 8« %0 % [ <20 25. 5.85 .08

12796 4 4 .07 |_& 70 [ 150.0 <20 50. 4.83 .07

ARG X a3 07 | 82 104 110.0 470 | 44/ 5.37 .07
1118796 4. 13| 72 90 140 87.0 <20 50, 448 .07
1723756 X 08 | 75 1] 52 40 10.10 .06
13096 [X X 07 110 32| 130 26, 21.00 .06

20696 X 4 .08 | 147 153 1160 21, 370 .07
21136 X 4 .03 | 80 [7] 168 X .00 .08
3296 .S 06 | 88 86 3 21 <20 10. 33.20 .08
IWE 4 A0 |56 100 42 17. <20 4. 17.10 .07
V26196 X .08 | 88 1) Pz 41 <20 3. 4.00 .07

472156 .09 | 54 ) 74 X <20 7. 20 .05

/5756 X 2.2 .08 | 58 62 % 54. .90 06
ANERE 4 X .4 40 | 62 68 102 95.0 110 | 30 70 .07
AITU6 A 4 2. .00 10 75 100 110. <10 54. .00 .08
ARI0/96 09 | 50 54 98 20. <100 | 60. 1360 .06

57196 ki 05 | 50 52 %0 40 270 1| 60 7.30 .05
S48 ki .08 | 42 51 [ 30 <20 &1 7.10 [
521706 52 55 102 4B, 5.90 .07
S12R/% £ I .09 | €8 64 106 79, <1 28, 2170 .08

674796 5 4 .08 | 50 54 18 75 < 18. 15.80 07
$/11/9€ [ 3 09 | 54 [7] 58 6. < 31, 79,80 07
8/16/06 8 ) 08 | s8 73 82 55, <3 324 35.00 o7
52595 2 0 €3 T4 102 52 138 13 1970 08 ]
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preczone
Utliity ID:
1, Study ID
2. Source W
3. Source W
{E Dascribe|
{Gindicats wi
{8 Indicate
WATER QU TREATMENT CONDITIONS
Date pH Temperaturs Bromata Disinfection 8 ucts Gzonation Conditions
) [deg. C! TTHM HAAS HAAS Qzons | Contact | Ozons Ozone
Raw | Dzon. | Filt. Raw | Ozon.| Fit. | Raw | Ozon.] Filt. {gft) (pg/Ly tims pH temp. |
Raw 1Ozon.| Filt. | Raw | Ozon.| Filt Fil, | {mgl) | {mgn) (min} { deg. C)
38 7. o 4 52 43 [
7. - 2. .64 10,
. 4. 3 7] |
7. 4 4 X
X 4.4 .3 ¥
2. 4. .9 . 2
10 5. 5 4 53 4 02|
4] .68 1
5. & 49 11
2. 12 .66 - 12
1. K 3 [ .74
2 6.0 4 4 0.65
. . 4 .62 . .
16 120 [F1] 4 .38 X 6.0
X 5. X 3 X .73 5 53 |
4. g0 4 4 .59 8 141 |
5. [ 8, 3 062 4 15
5. 5 .55 73 57|
16. 1 4 60 7.4 61|
3 .77 7. 165 |
3. .83 7. 180 |
4 .52 7. 18,
.59 7.4 60|
19, .60 7. 182 |
18, X X 3 . .69 7. 18|
24, X x ¥ .8 - 220 |
F=X X 4 29|
2. 2 4 3 27 |
3| & 10.0 4 52 X 23
4| 21, 4 3 4. 42 216 |
25. 2 .30 X 259 |
24 3 3. .83 i 245 |
254 4 .52 gz 254_|
24.4 10, 17 22 .28 . 244 |
2 10 20|
21.6 <5 |11 3 10 14 22 .54 216 |
19.4 6.6 | 15, 328 4 20 15.4
21 N0 | 4 138 4 [3 .65 21,
18. < Fx) 00 188 |
17. < 5 [X] 4 5 .62 178 _|
16, < < 58 .76 188 |
EX < .56 173 ]
LT <! .77 167 |
.6 < < 3.7 E] 4 €7 166 |
154 < < 62 .82 54|
15. < < 4 s .78 150 |
15, < < .81 150_|
4. 140 | < 30 ] H .66 4
4. < 5 [ .65 4.
< < 62 3 77 3
< «5 2 3 1 .50 1.
2.4 < [ 46 2. .48 FX
F < 3 58 s H < 48 12 |
. < < 122 6 .50 108 |
10. 3 7 .78 102 |
2.9 64 108 |
X .54 1
2 2. .50 11
F3 < .86 123 |
12 < < X 3 & 3 .68 12
13. < <t 4 4 X3
35. < 3 3 4 34 .85 4
. 15.0 S 4 .79 5
5. 3.5 2 3 X .83 7.7
7. 88 | 950 2] ) .66 .
6. 12 3 1 .75 3
15 4 2 .54 X
9. 25 5 2 3 90 9.
7. 2 88 7
7. <45 X 2 3 51 7
4 4 1257 <4 3 | 54 4
2. <45 | <t & 1 2 1 31 2.
21. <4, <45 | .8 .35 14
207 <4 <45 | 16 45 207
oz o 2 STKN-042



S

(W3

——

\¥

Enh.Coag.Data

[Utitity 1D ACWD {ACWD, CCWD, EBMUD, MWD, SCVWD)
{ | |
1. Study ID: Enh. Coagulation (from EC study data) (Optimization Study 9/95, etc.)
T I ! | I | !
2. Source water: River (River, lake, groundwater, etc.)
[ ! I I I I
3. Source water |D: South Bay Aqueduct (State Project water, blend of...., etc.)
I I |
5. Describe level of study: Bench-scale In this data sheet, “FilL" refers to data collected
{indicate with an X'} Pilot-scale after coagulation, flocculation, sedimentation, and
x  |Full-scale filtration.
{6. Indicate with an "X' if data reported as "Filt." are from samples coliected after sedimentation only: X
| or after sedimentation and filtration: X
WATER QUALITY DATA: CONVENTIONAL
|
Date Time TOC Alkalinity Hardness Turb dity pH Temperature
{mglL) (mg/L as CaCO3) {mg/L as CaCO3) (NTU) 1] {deg. C}
Raw Filt. Filt. | Raw Filt. Total Calcium Raw | Filt. | Raw | Filt. Raw Filt.
Raw Filt. Raw Filt.
(settied){ (fil) (settled I
3.2 1.9 104 132 11.5 22 7.7 21.2
3.1 2.1 105 118 6.0167 | 1.1 8.1 20.3
3.7 2.8 24 112 120 4.65 1.7 7.6 17.3
4.0 2.7 23 127 150 21667 | 08 7.9 18.1
36 2.6 2.5 128 144 21167 | 23 7.9 19.8
5.8 4.0 34 152 142 24.333| 69 7.9 10
5.6 42 3.7 168 144 11,933 | 44 8.4 11.1
58 4.1 3.7 127 134 8.2833 | 24 8.1 113
6.1 3.8 3.2 110 144 17.117 | 39 8.2 12.5
5.8 3.6 2.9 102 120 21.233| 26 8.3 12.4
6.1 33 117 134 76.667 | 134 B 11.9
5.9 4.3 3.6 96 116 13.633| 27 8.6 15
5.6 4.0 3.1 87 124 B.9667 | 26 8.7 14.6
5.8 42 3.5 98 118 11.55 34 8.5 15.5
5.3 3.7 34 105 126 10.7831] 33 8.3 15.7
5.1 3.7 23 78 108 8.6833| 25 7.9 16.1
3.2 2.00 104 132 115 | 297 | 7.7 21.2
3.1 2.40 105 118 6.0167 | 153 [ 8.1 20.3
3.7 3.10 2.40 112 120 465 | 188 [ 7.6 17.3
4.0 2.80 2.80 127 150 21667 109 [ 7.9 19.1
3.6 2.60 2.60 128 144 21167 | 100 | 7.9 19.9
5.8 3.70 3.40 152 142 24,333 302 { 7.9 10
5.6 4.20 3.50 158 144 11.933 | 298 8.4 11.1
5.8 4.10 3.50 127 134 8.2833 | 218 8.1 113
6.1 3.50 3.00 110 144 17.117 | 2.68 8.2 12.5
5.8 3.30 2,80 102 120 212331 165 8.3 12.4
6.1 3.30 117 134 76.667 | 4.98 8 11.9
5.9 4.00 3.50 96 116 13.633 | 239 8.6 15
5.6 3.60 2.90 87 124 8.9667 | 2.13 8.7 14.6
58 3.70 3.10 98 118 11.55 | 292 8.5 15.5
5.3 3.50 3.20 105 126 10.783 | 2.30 8.3 15.7
5.1 3.40 2,70 78 108 B8.6833 1 2.02 7.9 16.1
Page 1 of 2 STKN-042



Enh.Coag.Data
l ]
. Indicate coagulants studied:
D Coagulant Chemical formuia Units
1 Alum AlL(SO,)*14 H,0 mg/L
2 Ferric FeCly*6 H,0 mg/L
l 3
4
TREATMENT CONDITIONS
] I
l Cl2 Disinfection By-products Coagulation Conditions
Conditions TTHM HAAS Coagulant Dose Acid Base Coag. | Coag.
Chlorine (pg/L) {ugfL) 1D adjusted? | adjusted? pH temp.
dose Raw Filt. Raw Filt. {see above) {YIN) {YIN) {} {deg. C)
l (mg CI2/L) j -~
2.34 9 6 1 25.1
2.40 [] 6 1 11.8
2.60 ] 4 1 11.6
. 2.35 9 5 1 12.8
2.20 3 6 1 12.5
1.43 5 5 1 28
1.57 5 6 1 21.3
1.49 5 5 1 18.8
1.32 4 3 1 40
1.10 5 4 1 31.1
147 4 4 1 294
147 8 6 1 24
l 1.54 H 4 1 25
- . 1.60 7 7 1 23.1
i 1.50 5 5 1 21.2
= 2.00 13 4 1 21 D
234 9.0 6.0 2 11.2
2.40 7.6 6.0 2 11.1
2.60 8.0 4.0 2 8.1
2.35 8.7 5.0 2 15.9
2.20 78 6.0 2 9.2
l 1.43 4.8 5.0 2 16
1.57 5.1 6.0 2 13.5
1.49 5.0 5.0 2 10.2
132 36 3.0 2 23.8
1.10 48 4.0 2 13.6
l 1.47 38 4.0 2 26.1
1.47 8.3 6.0 2 16.7
1.54 49 4.0 2 18.5
1.60 6.9 7.0 2 18
1.90 5.4 5.0 2 16.7
2.00 133 4.0 2 18
. }
. Page 2 of 2 STKN-042
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|. bromate
.; |Contra Costa WD
l Randall-Bold WTP
Sample Bromate |[Chioride |Bromide
l Date {measured)|{daily avg) |(estimated)
(nalL) (mg/l)  |(mgflL)
l 2/23093| <05 72 0.22
4/6/93 <1.4 89 0.27
5/21/93 10 55 0.17
l 6/15/93] 6 30 | <04
8/18/93 6 25 <0.1
10/5/93 10.3 60 0.18
1117/93] 304 142 043
| 1/4/94 1.5 70 0.21
2/9/94 4.6 70 0.21
l 3/1/94] 26 55 0.17
4/5/94 7.3 77 0.23
5/10/94 <3 57 0.17
l 7/12/94 <5 112 0.34
8/9/94 <5 133 0.4
10/4/94 51 168 0.48
10/10/94 33 118 0.36
l 0 11/1/94 15 150 0.45
. 12/6/94 13 162 0.49
1/10/95 5.7 94 0.28
' 2/14/95 17 60 0.18
3/14/95 7.6 35 0.11
4/4/95 18 105 0.32
I 6/13/95 <5 40 0.12
7/11/95 21 32 0.1
8/8/95| 7.8 32 0.1
l 9/19/95 <5 16 <0.1
10/3/95 <5 14 <0.1
11/7/195 <5 16 <0.1
I 12/12/95 <5 23 <0.1
2/6/96 <5 40 0.12
I ' 3/5/96 <5 117 0.35
Note: Ozone dose currently |optimized (for coagulation,
\ not bromate |production.| -
Conservative ozone doses: pre-ozone |2.5-3 ppm |(raw water
post-ozone |1ppm (filtered)
I Plant CT operating |from 2-5
l Page 1 of 1 STKN-042
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Gtility 1D: WO TACWD, GCWD, EBMUD, MWO. SCYWD) T
! I ! | ] |
1. Study 10: Jar Tests—range of %SPW/%CRW {Optimization Siudy 9/85, etc.)
I ] ! ] I | B[ G Ci Units
2. Source waters Surface (River, lake, groundwater, eic.) 1 Alum Al{SO,°14 B0 mg/L
| | | i} | 2} Potymer Cationic mgh
3. Source water ID; SPW, CRW (State Project waler, biend of...., #1c.) 3 |
| T Q| 1
{5. Describe isvai of study: X lB-n:h-luh in this data shest, “Fill." refers to data Doses includa usually 3 2) mg/L_ polymer]
{{indicate with an 'X7) |Filot-scaie atter [ i i and
1 [Full-scaie filtration. | ]
I I ] ]
6. Indi with an "X’ if data reported as “FiiL™ are from after sedi ion only: X 60 min seltling tima
I I T or atier sedimentation and filtration:
WATER QUALITY DATA: CONVENTIONAL
i . TREATMENT CONDITIONS
'Study ID Water T0C UV-254 Alkatinity Tarbidity pH C Conditions
% CRW | % SPW {magL} (1/cm) {mg/L as CaC03) (NTU) {) Coagulant Dose Acid Base Coag.
Raw | Filt. | Raw Fitt, Raw Filt. Raw Fiit, Raw | Fiit. 1D ? 7 pH
(ses above) (Ym) /N) [{]
bianksN biank=N
| _MWDIARDE ) 242 | 243 | 0025 123 0.74 .74 5.0} [ 1.06
| _MWDJARSE 0 242 232 | 0.025 0.03% 123 0.74 043 8.03 10 Al
MWDJARCY 1} 242 227 | 0.025 D.036 123 0.4 0.54 8.03 20 144
MWDJARD] 0 242 2.17 | 0.ms 0.035 123 0.74 0.68 8.03 -1 30 130
MWDJARO} 100 242 | 202 | o025 0013 121 074 8.03 1 40 724
MWDJAROY 10¢ 242 1.95 0.025 0.038 123 0.4 0.90 8.63 1 50 6.39
MWDJARD] 100 242 1.8 | 0.025 0.034 123 0.74 0.82 8.03 1 60 - [
MWDIAROL 100 242 1.83 { 0.025 0.036 123 0.4 087 5.0} 1 n 67
MWDIARDS 100 225 | 220 § 0019 | 0019 132 0.65 062 829 1 [ 329
MWDJARDS 100 235 2.12 0.01% 0.013 132 0.65 0.56 829 1n 738
MWDJARDS 100 235 1.97 | 0018 0011 132 0.65 [X]] 829 20 767
MWDJARNS 1 225 195 | 0019 0.9 132 .65 .43 .29 30 149
MWDJARDS |« 100 225 1.83 | nolg 0.007 132 0.65 .62 829 1 40 233
MWDJAROS 100 135 t.67 | D019 D004 132 0.65 a.79 329 1 S0 2.24
MWDJARDS 100 135 188 | 0013 | 0004 132 065 .74 829 60 7.00
[WDJARGS 100 225 167 | 0.019 0.003 132 .65 490 829 0 6.93
[WDJARDS 100 225 161 | 0019 0.002 132 0.65 1,00 129 [0 684
MWDIARNS 100 228 1.56 | 0.019 0001 132 .65 £.20 329 0 6.75
MWDIARDS 100 2325 1.52 | 0019 0001 132 0.65 140 £29 1 100 6.67
|_MWDJARGS 100 225 147 1 0019 1 0001 132 0.65 130 829 1 1lu 6.57
MWDJARQT 00 2.9 241 0.036 0.038 132 042 .34 8.34 '] B.15
MWDJAROT 100 239 1 228 | 0.036 0.033 132 042 0.34 [E7] 10 7.88
MWDJARDT 100 233 | 211 { 0036 | o032 132 042 0.36 134 20 T
MWDIARGT 100 2.3% 1.9 | 0.36 0.028 132 042 032 8.34 30 1.56
MWDJARDT 100 239 194 [ 0036 | 0025 132 042 0.34 .34 40 746
MWDIAROT 100 239 1.78 { 0.036 6.023 132 042 .42 .34 50 738
MWDIARTT 100 239 176 | 0.036 0.023 132 042 u.49 [E7] ) 715
WDIAR(? 100 239 160 { 0036 | 0023 132 0.42 0.57 £.34 1 x 722
| MWDIARD? 100 239 168 | 0036 0.027 132 042 0.59 . 1 [ 7.10
MWDIARGT 100 2.3% 1.63 § 1.036 0021 132 042 .60 8.34 1 e 7.06
(WDJARGT 100 239 165 | 0036 { 0019 132 042 1167 [¥7] 1 ] 6.93
MWDJARGS 100 245 | 256 | oos0 0.033 122 040 .40 118 1 0 7.98
MWDJAROY 100 245 44§ 0030 0.031 122 0.40 0.32 Lig 1 0 7.88
MWDJARNY 100 245 26 | 0030 0.031 122 0.4 0.25 .13 1 0 172
MWDIARGE 100 245 .14 _| 003 0.026 122 040 028 5.18 1 0 761
MWDIARGS 100 2.45 206 | 0030 | 0025 122 0.40 0.68 1.18 1 4 752
MWDJARNY 100 248 1 203 [ o030 { o026 122 0.4 033 13 1 50 T4
MWDJARUR 100 245 2.0! 0.a30 0.024 12 0.40 a.34 B.13 1 @ 7.5
MWDJARUS 100 245 | 2o | oo | 0021 122 044 0.35 £.18 1 0 726
MWDIARUS 100 2.45 1.87_| 003 0.020 122 040 .50 8.18 1 80 717
MWDJARNS 100 2.45 1.9 | o030 | 0020 12 [ (.48 3.18 90 7.06
MWDJAROS 100 2.45 1.7 | oo | 0019 12 040 0.85 5.18 100 6.98
MWDJARD N 2.55 1.55 | 0058 119 .71 0.62 797 0 797
MWDIARYY 0 2.55 2.51 0.055 0.046 119 .7t .40 157 1 10 766
MWDJARDY 50 255 | 246 | 0058 0036 119 071 034 157 20 748
MWDJARD 90 2.55 223 | 0055 0L 118 0.7t a4l 197 30 734
MWDJARDY 90 2.35 219 | ooss 0.031 114 071 .33 797 40 721
MWDIARIR S0 255 | 200 | a0ss 0.034 119 0.71 0.42 191 | 1 50 6.39
MWDJARD? 90 2.55 191 | 0055 0,032 118 0.7 .42 797 1 60 6.35
MWDJARDY 255 | 201 | 008 119 0.71 757 1 %0 679
MWDIARDY 255 198 | 008 119 0.7t 197 1 A0 6.62
MWDIARU? X 2.55 1.87 | 0.0 119 0.7t 197 % 6.5
MWDIARDY 20 2.55 1.95 | 0.055 119 0.7¢ 7.97 100 6.50
MWDJARDS o0 2.55 1R | 0055 119 0.7 197 1 110 $41
MWDJARN9 90 2.55 187 | a0ss 119 (&I} 1.97 1 120 6.18
MWDJARID o 258 252 | n0ss (.046 125 0.64 .55 822 1 [ 826
MWDJARID = 258 | 241 | 0085 0036 125 0.64 .60 522 1 10 714
MWDJARID AN 258 | 223 | ouss 0041 125 0.64 (1,66 B2 1 2 74%
MWDJARID *1 258 | 204 | 0058 0.031 125 064 0.48 [X7] 1 0 7.28
MWDJARID 90 2.58 212 | 0455 0.034 125 0.64 0.7% B2} 1 40 7.15
MWDJARID % 2.58 151 | 0088 0,032 125 064 0.36 [¥9) 1 ) 6.9%
MWDJARIN S0 2.58 241 | 0088 0027 125 0.64 4.75 821 1 &0 7.15
MWDIARIO 9N 2.58 2.03 | o0ss 0.010 125 1164 163 822 1 n 704
MWDJAR10 Su 2.58 1.95 | ooss 6036 125 0.64 0.63 822 1 0 6.88
MWDJARIU 90 2.58 191 | 0058 0027 125 0.64 0.88 822 1 * 6.82
MWDJARIU 90 2.58 1.76_| u0ss 0.036 125 0.64 1.3 222 1 100 6.75
MWDIARIO [ 258 1.8 | 0055 0.028 125 0.64 1.3 [37] 1 110 6.77
MWDIARI | [ 267 | 263 1 0,083 QM8 128 049 045 B33 1 [ 8.40
MWDIARI S0 267 | 260 | 0083 037 128 .49 0.56 .33 1 10 7.89
MWDIARII o 267 | 144 | 0053 ©.029 128 049 0.60 333 1 20 764
MWDJARILI %« 267 | 221 | 0083 0.025 128 0.49 040 £33 1 n 741
MWDIARIE %0 267 | 221 | 0083 0.026 128 04 [%7] 333 i 0 121
MWDIARI an 267 | 200 | 0053 0.024 128 0.4y 0.70 £33 1 s .08
MWDIARITS ol 2.67 1.77 | v0s3 0.022 128 4% 078 £33 1 6 6.93
MWDIARLE | o 2.67 1l ooy 0023 128 i 149 1.1 231 1 m 6.%3
Page 1 0of 10
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Study 1D Viater ToC UV-254_ i idity oA T T
% CRW | % SPW (maiL} {1/em] (mg/L as CaCO3) (NTU) [} C Dose Acid Base Coag.
Raw | Fiit. | Raw Filt, Raw Filt. Raw Filt. Raw | Filt. 10 adjusted? | adjusted? pH
{ses above) {Y/N) {Ym} (]
blank=N blank=N

MWDIAR! 0 2.67 1.66 0.053 0.016 128 249 .85 8.33 1 pd 6.72
MWDIARIL ) 2.67 1.67 1.053 0.022 128 049 1.10 833 1 20 6.62
MWDIARI2 90 2.95 3.00 0.042 0.043 120 0.67 0.30 223 1 ¢ 220
MWDIARI2 90 2.95 .76 0.042 0432 120 0.67 .21 223 1 10 7.80
|_MWDIARI2 90 2.95 263 | 0.042 0.032 120 0.67 o 823 1 20 7.66
MWDIARI2 X 2.55 150 | 0042 a0t 120 0.67 021 123 1 30 T
_WNARIZ 9 2.95 135 | 0042 0,029 120 0.67 023 223 1 40 726
MWDJARI2 X 1.95 233 | 0042 0.02% 120 0.67 0.23 323 1 0 723
MWDJARI2 G 195 1.12 0042 0.032 120 0.67 0.24 8313 1 60 1.16
MWDJARIZ XA 195 2.01 042 0.029 120 0.67 020 313 1 70 7.08
MWDIARI2 90 1.85 195 | 0041 0.029 120 0.67 025 823 1 30 2.01
IWDJAR12 90 295 1.90 | 0042 0.027 120 .67 .23 221 1 50 6.3%
{WDIARIZ 20 2.95 1.86 0.042 0.028 120 0.67 0.29 8.2} 1 100 6.82
MWDJARI2 o0 2.95 1,82 | 0042 0.027 120 .67 02?7 B2} 1 110 6.7%
MWDJARI2 90 2.95 1.74 0.042 0.028 120 0.67 047 23 1 120 6.76
MWDJARI 90 2.95 1.70 | 0.042 0.028 120 0.67 0.56 123 1 130 6.67
MWDJARI2 90 2.95 LTl 0.042 0.026 120 0.67 0.52 323 1 140 (X1
MWDJARI2 90 295 1.62 0,042 0.026 120 0,67 D45 32) 1 150 65.47
MWDIARL2 90 295 1.61 0.042 0,027 120 0.67 049 123 160 6.40
MWDJARI2 o 2.95 1.54 | 0.042 0,027 120 0.57 055 123 17 637
MWDJARI2 L 255 162 | 0.042 0.028 120 D.67 1.30 2 130 523
MWDJARI2 50 2.95 157 | 0042 0.026 120 0.67 130 123 1 190 6.18
MWDIARI2 50 295 1.69 0.642 0452 120 0.67 3.80 323 1 200 6.12
MWDJARIZ 20 225 2.26 0034 0015 126 0.77 0.77 230 1 a - 828
MWDIARTY 50 225 208 | D034 0023 126 0.77 048 230 1 10 7.90
MWDSARL x 225 .86 0.034 a.021 126 0.77 0.40 230 1 20 172
MWDIARI X 225 2.00 0.034 Q12 126 0.77 1.38 230 1 30 .56
MWDJARI3 N 225 1.92 .034 0.018 126 077 .46 830 1 40 743
MWDIARL X0 215 1.86 | 0.034 0.018 126 0.77 045 £.30 1 50 733
MWDIARL % 2.25 180 | 0034 0.018 126 0.77 0.58 430 1 &0 120
MWDJARLI X 225 L76 | 0034 0018 126 0.77 0.57 8.30 1 70 T4
MWDJARI] 90 225 1.66 { 0.034 0.013 126 0.77 .58 2.30 1 0 706
MWDJAR1 50 225 162 | 0.034 013 126 0.77 0.55 1.30 1 S0 6.93
MWDJARLY 90 215 1.52 | 0.034 0,013 126 0.7 0.67 ) 1 100 6.54
MWDJARL 20 225 151 0.034 G2 126 0.77 0.7 3.30 110 6.88
MWDIJARI4 % 2.31 248 | 0033 0.133 127 0.58 0.54 3.20 0 322
MWDIARL 90 2.31 245 0.633 0.025 127 0.58 0.55 320 10 195
MWDIAR14 90 2.31 238 | 0033 0.023 127 058 0.44 £30 20 7.7
MWDIARI4 90 2.31 2.21 0033 0.021 127 0.58 .48 8.20 30 2.52
MWDJIARI4 90 231 209 0.033 0.020 17 0.58 0.67 3.20 1 40 740
MWDJAR X 2.3) 1.98 4,033 0.018 127 .58 0.39 3.20 1 5 7.31
MWDJARI4 %0 131 1.77 0033 0017 127 0,58 0.68 3.20 1 6 727
MWDIARI4 X 231 1.74 0433 D015 127 .58 on B.20 1 Ky 7.13
MWDIJARI4 € 2.31 1.67 4033 0.017 127 0.58 082 R20 1 20 706
MWDIAR 14 %0 231 160 0033 0.015 127 0.58 0.0 8.20 1 o0 6.91
WDIAR 14 N 2.1 1.55 Q.033 0015 127 0.58 a95 820 100 5.8
[WDJAR14 X 231 1.52 0.033 0.014 127 0.58 1.00 820 110 6.77
_!W'DIARII o 231 149 6,033 0.015 127 058 1.00 130 1 120 6.60
| M W 14 9 231 1.46 .033 0.016 127 0.58 1.00 220 130 6.53

MWDIAR14 90 231 1.43 a.033 127 .58 B20 1 140

MWDJAR 14 9N 231 1.42 0.033 127 0.5% 320 1 150

MWDJAR14 90 231 1.33 § 0.03) 27 058 320 1 160
| _MWDIARIS L 3.17 2351 0.036 0041 27 0.47 .35 128 1 a 330
MWDJAR]S 90 3.17 237 1.036 0.034 127 .47 0.54 3.29 1 10 7.96
MWDJAR: 90 3.17 224 0.036 0.031 127 .47 0.39 329 1 20 1.74
MWDJARY 90 3.17 206 | D.036 0.028 127 0.47 037 129 1 30 1.52
MWDIJARY 20 3.17 2.01 0.036 0.026 127 047 0.59 328 1 40 739
MWDJAR} 0 3.17 1.86 } D.03G 0028 127 0.47 0.56 129 1 50 132
MWDJARIS 0 3.17 1.76 0.036 0028 127 (.47 0.8 829 1 60 723
MWDJARIS N 3.17 1.2 0.036 0,024 127 0.47 0.65 129 1 kil 115
MWDJARIS b 3.17 1.66 | 0.036 0.024 127 047 0.7 129 k] L] 7.06
MWDJIAR1S 20 3.17 1.54 | 0030 0,024 127 047 0.63 429 1 20 703
MWDJARIS 50 3.17 1.58 {1036 0.022 127 04?7 .78 429 1 100 6.93
MWDJARIG 2 243 2.52 0041 (442 134 0.42 .32 825 1 1] 32t
MWDJARIG 20 2.43 2.50 0.041 08 117 0.42 015 .25 1 10 3.01
MWDJARIG 20 243 132 Q441 0026 117 N.42 D28 325 1 20 720
MWDJARIG X 2.43 119 0.041 0.025 117 042 1.24 825 1 30 758
MWDJAR16 90 243 2.05 0.041 0024 17 n.42 0.27 135 3 40 755
MWDJARIG x 243 2.06 0.041 (24 117 1.42 1.30 825 1 50 244
MWDJAR16 R 243 1.9 0.041 0022 117 042 .30 325 1 [ 136
MWDJARIG = 243 1.9 0.041 6621 117 042 1.3% 225 1 70 127
MWDIARIS 0 243 1.87 0.041 .02 117 042 0.33 425 1 RO pAL]
MWDJARTE 20 343 1.82 0.04) Qo2 117 0.42 0.36 125 1 90 387
MWDJAR16 x0 241 1.85 G041 0021 113 0.42 0.36 825 4 100 700
MWDJAR16 x 243 1.75 0041 ¢.020 117 042 0.3% 125 1 110 6.3
MWDJARYG 20 243 1.73 0.041 a.nte 117 0.42 .46 125 120 $.77
MWDIARIS %0 243 1.76 041 Lute 117 042 0.55 825 1 130 665
MWDJARL6 X 243 1.65 0041 0.018 117 042 0.53 325 1 140 6ot
MWDJARLS X 243 1.6B 0.041 0.017 117 042 0.61 425 1 150 651
MWDIARI6 K} 143 1.6 0.043 0.016 17 N.42 0.} 825 1 160 6.50
MWDJARIG [ 2.43 143 | oot 0018 117 .42 0.91 225 1 170 6.61
MWDJARIS ! %0 243 161 | a1 0014 117 .42 L.10 825 1 130 643
MWDJARIS i X 141 3.64 [ICHY 0.013 117 0.42 1.1 125 1 oo 638
MWDIARL6 1 € 243 155 | uMl 0014 17 .42 1.40 325 1 200 626
MWDIARLS | x 24 1.52 0.1 0013 17 042 .93 225 1 210 6.18
MWDIARIG | x 243 158 | dual uanl 17 0.4 [ 325 1 20 6.12
MWDIARLT 0 2.55 2.55 G061 114 1.2 120 .09 1 [t} 304
MWDJARTY it 2.55 261 | 606l [ 114 120 0449 EY 1 mn 7.68
MWDIARIT X 2.55 255 | o6t 14142 114 120 n4l R.04 1 u T48
MWDIARIT () 2.55 239 | naal 1AL 114 1.20 0.4 1 1 k] 124
MWDIARLT R 235 239 0.061 1.03 L4 1.20 .61 A8 1 Lol 715
MWDIARLT - X0 2338 2,13t unat 003 114 1.20 1.3y [ 1 50 708
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Study 10 Water ToC UV-254 i Turbidity oH < 3
% CRW | % SPW {mg/L) (1/cm) {mg/L as CaCQ3) {NTU} 0 ' Dose Acid Base Coag.
Raw | Fitt. | Raw Filt. Raw Fiit. Raw Filt. Raw | Filt. 1D j ? j ? pH
{see sbove) YM) {Ym) 1]
blank=N blank=N
MWDIARI? 30 255 | 202 | 0061 0.034 114 1.20 0.44 3.9 1 [ 6.95
MWDIARI? 20 255 1.96 | 0.061 0042 114 120 1.10 B9 1 n 650
MWDJARI? [ 255 154 1 0.061 0.032 114 1.20 0.95 8.09 [ 6.51
MWDJARI? 20 2.55 174 { 0.061 0.031 14 120 0.85 .02 90 643
| MWDIARI? 30 2.55 164 | 0061 0.033 114 120 1.40 1.09 100 627
MWDJARI7? 30 2.55 L67 | 0061 0.033 114 1.20 120 .09 k] 110 6.17
MWDIARI7 30 2.55 1.62 | 0.061 0.033 114 120 1.3 1.09 120 6.14
MWDJARIE 30 2.45 2.5% | ons4 0.061 121 0.78 0.68 322 ] 123
MWDJARIR 30 245 266 | 0.054 0.045 121 0.78 0.66 1.2 10 735
MWDJARIS 20 245 | 254 { ons4 | 0039 121 o 0.60 122 1 20 761
MWDJARIS 20 2.45 132 | 0.054 0.036 121 0.78 0.65 a2 1 30 745
MWDJARIR 30 245 235 t 0054 Q.41 121 0.7 0.54 12 1 40 7135
MWDIJARIE 20 245 1 231 | 0054 | o032 121 078 067 [E?) 1 50 723
MWDJARIS 0 245 1.95 { 0.0054 0034 111 .78 0.8 .22 1 60 697
MWDJARIE [ 245 1.97 | 0is4 § 0032 121 a8 0.76 322 n 7.00
MWDJARIR 30 2.45 1.77 _§ 0.054 0.03% 121 0.78 0.78 3.22 20 6.90
MWDIARIS [ 245 18 | 0054 | 003 121 [%:] 0.75 8.2 9 633
MWDJARIR 20 245 | 176 ! oose | 0035 121 .78 .73 322 100 632
MWDJARTE 30 245 1.75 1 0.054 0.037 121 0.78 1. 322 110 6.77
MWDIARIY 30 .70 287 | 0.049 .48 112 057 0.55 338 0 246
MWISARIS 30 2.7 265 § 0.49 a.031 12 0.57 .63 £33 10 738
MWDIARI® 20 270 | 244 § 0449 ] 0027 122 0.57 0.60 33t 2 764
MWDJARI® [ 2m § 232 | 0049 | an2s 122 0.57 0.56 3.38 E) 232
MWDJAR1D 20 270 { 204 | D049 | 0023 122 0.57 0.59 838 [ AT
MWDJARIS 80 270 202 | 0449 0.021 122 a.57 4.78 $.38 50 7.13
MWDJARI® 20 2.7 1.97 | 0.049 a.n21 122 057 [1x}] 3.38 60 6.50
MWDJARI? 80 270 | 185 | 0049 | onis 122 0.57 081 3.38 k) 6.79
MWDIARI® [ 270 | 178 | a9 | oot 122 0.57 .97 538 £ 6.71
MWDIARIY 20 270 1§ 188 | 049 | outs 121 0.57 0.89 33 %0 667
MWDJAR1Y 30 2.70 1.77 | D.049 0,015 122 0.57 (.84 8.38 100 6.56
MWDJART? 20 20 § 138 | o049 | 0006 122 0.57 150 238 110 6.52
MWDIAR2 100 253 | 1950 | o042 {  onds 133 0.85 0.90 L3R a 345
MWDJAR2 100 253 | 339 | ooz {003 133 0.85 0.7t 838 10 B.02
MWDIAR2 {4 2.53 268 | 0042 0.030 133 .85 0.53 838 1 20 R
MWDJARZ Lo 2.53 251 0042 0.027 133 0.85 .40 £.38 30 746
MWDIAR2 100 253 | 2.9 | ood2 | nn2y 133 0.85 0.64 818 40 .34
MWDIAR2 100 253 § 230 | o2 | noas 133 0.85 0.57 838 1 sa 7.36
MWDJAR2 100 253 | 203 jood2 [ no17 133 0.85 0.7% 838 1 [ 6.96
MWDIAR2 100 2.53 19 | 0042 no13 133 0.85 110 8.38 1 ™ 6.85
MWDJAR2 100 2.53 190 | o042 [ noig 133 0.85 1.20 3.3% 1 &0 6.84
MWDJARL 100 2.53 190 | 0042 | o020 133 0.85 1.30 838 1 50 631
MWDIAR20 L. 279 237 | 0053 0085 144 0.54 0.38 821 1 ] 215
MWDJAR2} 20 273 | 246 | 0083 n.040 14 0.54 0.37 321 1 0 745
MWDIAR20 3 2.79 260 | 0053 0.044 14 0.54 0.25 B3l 1 0 158
MWDIAR2G 0 2.79 2.39 | 6053 0.038 114 0.54 024 Bl 1 30 742
MWDJAR2G 0 279 | 228 | oas3 0.035 114 0.54 0.24 321 1 ) 730
MWDJIAR2¢ 30 .79 20 | 0.053 0.036 4 0.54 020 221 k) 50 721
|__MWDIAR20 20 2.79 .13 | .05 0,036 14 0.54 020 821 &0 119
MWDIAR20 [ 279 .03 | o053 | o3 114 0.54 013 331 n .10
MWDJAR20 30 279 .97 | 0.053 0.034 114 0.54 036 $21 3 701
MWDJAR20 20 279 195 | 005 0.033 4 0.54 027 321 90 697
MWDIAR2U 20 279 1.83 | 0.053 0.032 14 0.54 017 2321 100 6.52
MWDJAR20 30 2.79 1.79 | 0053 0.031 1) 0.54 0.63 321 110 6.30
MWIDIARZ0 80 2.79 174 | ous3 0.031 114 0.54 0.39 1.2} 120 6.74
MWDJAR20 [ 279 10| 0051 0027 114 0.54 0.43 231 130 6.62
MWDJ/AR20 [ 279 1.62 | 0051 | o0m 114 .54 0.53 B21 1 140 643
MWDIARIU 0 .79 .61 | 0053 0130 114 084 0.8 121 1 130 6.53
MWDJARZ0 [ 219 61 | 0051 | 0.030 114 0.54 053 [F1] 1 160 642
MWDJAR20 2 2.79 63 1 (053 0.04% 114 0.54 0.60 Bl 1 170 633
MWDJAR20 [ .79 147 1§ oS3 0032 114 0.54 1.0 [F1] 120 6.19
MWDJAR20 ] 279 | 155 | wus) 0.032 114 0.54 1.40 B30 190 6.10
MWDJAR20 30 279 152 | 0.08 0027 114 1.54 1.50 [*]] m 08
MWDJAR2L [ 243 1 242 § ank | oo 121 0.83 0.73 522 i o 223
MWDIAR21 20 243 | 243 { 003 | o028 121 .83 0.69 [¥5] 1 10 754
MWDJARZ| 0 243 1 139 | 00% 0015 121 0.83 n.52 821 1 pT) 760
MWDJAR2] [ 243 ! 200 | no36 | 0023 121 083 031 121 1 30 747
MWDJAR21 20 243 | 204 | 0036 | ool 121 0.83 0.46 [¥1} 1 2 7.35
MWDJAR21 80 143 197 | 003 0.01% 121 0.83 0.57 322 1 b 728
MWDIAR21 u 243 | 120 | 06 | o7 121 0.83 0.51 22 1 [7) 730
MWDJARZ] [ 243 L77 | 036 | 0017 121 0.83 0.57 123 1 £ 728
MWDJAR1I [ 243 73 | o0k | o0is 121 083 0.67 12 1 F7) 713
MWDJAR21 [T 243 L2 | now | o014 121 0.83 0.71 122 1 %0 706
MWDIAR2Y [ 143 L7 | 0036 | am4 121 0.83 072 122 1 10 696
MWDIAR2] [ 243 169 | 0036 1 o3 121 0.53 0.9% 822 1 110 6.95
MWDJAR21 [ 241 | 2353 | 0038 { a0 121 0.78 0.71 5.15 1 0 325
MWDIJAR22 0 241 2,31 V3% Q.29 121 0.78 0.5 1.13 1 10 792
MWDJAR22 80 241 1 223 | oK | 0027 121 0.7% 0.6% 1.1$ 20 T
MWDJAR22 1] 141 204 | 0032 021 121 0.78 0.5 L.15 E) 152
MWDJAR21 [0 241 196 | 0038 | oy 121 0.78 150 R.15 40 143
MWDJARZ [ 241 1. | 0038 a0t 121 0.78 0.3% [XY] 1 50 130
MWDJAR22 [ 241 141 | ooy (LO1R 121 0.7R n.7 (X1 1 0 703
MWDJAR22 &0 241 174 | 0038 | a7 121 0.7% 1LRS 15 1 70 690
MWDIAR2Z ) 2.41 168 | 0038 | o6 121 078 | 0.0 B.15 1 %0 633
MWDJAR2Z [ 241 1o4 | DOIZ | 0016 121 0.8 0.76 8135 1 % 6.76
MWDJAR22 [ 2.41 158 | 0038 | aais 121 0.78 081 815 1 100 (%]
MWDJAR22 [ 241 1.56_| 0038 | 00s 121 %3 0.93 RIS 1 110 6.70
MWDJAR22 [N 241 142 ] 0 0.a1s 121 0.78 0.93 B.1S 1 120 655
MWDJAR22 M} 241 133 | oo | aois 121 (% 0,93 %.15 1 130 6.50
MWDJAR21 [ 251 2.56_| 0050 (LS5 121 0.43 .43 [X}} 1 o 8.33
MWDJAR2Y %0 251 { 243 | oosh ) toaz 121 0.43 0.58 3.32 1 0 1.92
MWDIAR23 20 2.51 225 | vash | oods 121 043 .44 [F] 1 0 765
L_MWwniaR2Y | X0 2.51 212 1 gosn 1 oo 121 143 (1,50 .32 1 i 749
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Study ID Water TOC UV.254 init Turbidity pH C ion Conditions
% CRW | % SPW {mg/L) {17cm) {mg/L as Caco3) {NTUY 0 C Dose Acid Bass Coag.

Raw | Filt. | Raw Filt. Raw Filt, Raw Fiit. Raw | Filt. D dj ? 1T ? pH
: (see above} YN} (Y/N) 0

l bianksN | blanksN
MWDJAR23 [0 251 [ 200 | ooso ! 002 121 0.43 0.36 832 1 40 739
MWDJAR23 30 251 | 192 | 00%0 | co2a 121 043 040 132 1 50 228
MWDJAR23 30 251 [ 19 oo | oo0m 121 043 [T0a2 132 1 6 721
MWDIAR23 20 251 | 175 [ oos0 | onix 121 043 | 045 232 1 n 716
MWDJAR23 E 51 | 162 | euso | oo 121 043 | uas 132 1 ®0 7.07
MWDJAR2} [ 251 | 156 | 0050 | oo B 041 [ uss 232 1 0 700
MWDJAR23 [ 251 | 136 | owse [ o2z 121 043 .58 832 1 100 6.95
MWDJAR24 [ 257 | 245 | 0045 | 004G 113 0.6% 089 | a1 1 u 3.20
MWDJAR24 80 257 | 249 | voas | o038 113 0.65 032 | &1 10 755
AWDIAR24 20 257 [ 232 T oos | o3t 113 065 029 | 811 20 7.80
AWDIAR24 30 257 | 209 [omas | o027 13 0.65 02 | 30 762
AWDIARZ4 [ 257 | 205 | o045 0027 113 0.65 .28 a1t 1 “ 750
MWDJAR24 20 257 | 190 | aoas | 0026 13 0.65 027 | &1] 1 S0 7.39
MWDJAR24 0 257 | 190 | onas [ 0038 113 0.65 027 { &l 1 601 719
MWDJAR24 [ 257 | 103 | onas | oo 113 0.65 037 | &nl 1 n n
MWDJAR24 0 257 | 192 | oS | o2t 113 0.65 028 | 11 1 50 7.03
y MWDIAR24 0 257 | 130 | oams | ooz 113 0.65 040 | 80 %0 6.93
MWDJAR24 w 257 | 169 | 0045 | omi 113 0.65 044 | 801 100 6.50
MWDJAR24 0 157 61 | o045 T o0 113 0.65 045 | il 110 686
MWDJAR34 20 2.57 61| 0045 | 0.020 113 0.65 054 8.11 1 120 678
MWDJAR24 [ 2.57 54 | ooas [ 0020 [TH) .65 062 | 811 1 130 667
MWDJAR24 0 257 E T ) 113 0.65 usn | w1l 1 140 6.58
MWDIAR 80 257 | 165 | 0045 | oome 113 0.65 120 | &1l 1 150 6.53
MWDJARZ{ &0 257 | 157 | 00A5 | oow 113 0.65 120 | &0 1 160 645
MWDJAR24 0 257 | 144 | 004S | o017 113 § 065 [T 1 170 - 637
MWDIAR24 M 257 | 146 [ooas [ aot7 113 0.65 1.53 [N 1 180 6.30
MWDIAR24 0 257 | 136 | 0045 | oole 113 0.65 [T 1 190 623
MWDJARZ4 20 257 | 135 {0045 | onis m [ 077 1T 4 1 20 6.13
MWDIAR24 30 257 | t4a | oms | oms 13 0,65 075 | 8.1 1 210 6.04
MWDJARZ4 20 287 | 129 [ emas | o0is 113 0.65 095 | &l 1 220 5.91
MWDJAR2S k] 267 | 267 | anGs 109 0.84 0.75 784 1 o 7.92
MWDJAR2S 0 267 | 259 | opes | oos+ 109 084 | 065 704 1 10 764
|_MWDJAR2S i) 267 | 249 | 0.065 | 0049 109 0.84 .65 7.8 1 741
MWDJAR2S n 267 | 230 | 0065 | 0039 109 084 043 T 1 30 7.1
MWDIAR2S 70 267 | 210 | 0065 [ 0037 109 oM | o050 784 1 40 6.98
MWDIAR25 ™ 267 | 197 | o06s | an37 109 084 | 076 7.84 [ 50 685
MWDIAR2S 0 167 | 192 | 0065 | 0035 109 .84 077 | 784 1 & 672
MWDJAR2S k) 267 | 132 | 0065 | oa2s 19 084 | 050 784 i . 70 6.5%
T MWDIARZS 70 267 | 182 | ooes | oo 109 034 | 035 | 784 1 [ 5.50
MWDJARZS n 267 | 166 | oues | ooz 109 084 | 087 734 1 90 642
MWDIAR2S 70 267 | 168 | ouss | oo 109 084 | 095 784 1 100 622
MWDIAR26 n 2.50 | 256 | 0035 | oo 115 06t | g2 [0 1 [ 122
MWDJAR26 70 250 | 253 | 0055 | o046 1iS 068 | .76 [¥] 1 10 779
MWDIARIG ko 2% | 235 | 0085 | o 115 068 | 078 822 1 20 7.57
MWDJAR2E ™ 250 | 229 | ou55 | oom 115 068 | 075 [¥7) 1 30 743
MWDIAR26 ) 250 | 201 | 0055 | 0038 115 068 | 073 122 40 728
MWDJAR26 70 250 | 202 | 00ss | 0035 115 068 100 322 30 718
MWDJARZ6 ES .50 | 196 § 0055 0033 115 068 | 067 1.2 [ 6.97
MWDJAR2G ) 250 | 195 [ o0ss | ook 18 162 | o 13 E 0 7.00
MWDJAR26 0 135 | 0035 | o036 18 068 | oz 222 20 641
MWDJAR26 o 250 | 171 | eoss [ oo 115 062 | o4l $.22 %0 &7
MWDJARIG [ 250 | 162 | auss [ oox 115 068 | 087 822 17 6.77
MWDJAR2S £ LR | 0055 | 00 115 06| 0712 232 1 T 6.56
MWDJIAR26 7 250 [ 3163 ] ooss | a0 115 0.68 120 222 1 120 6.46
! MWDIAR26 n 250 | 136 | w0ss [ oon 11§ 0.68 140 822 130 6.39
MWDJAR26 70 250 [ 153 | 00ss | 0035 115 0.68 1.70 822 140 633
MWDIAR27 70 3 | 294 [ 0064 | 0061 115 069 [ 062 832 o 829
MWDJARZ? 0 4 | 238 [ o006 | oz 1S 069 | 048 B32 Ia 724
- JARY? 70 314 | 262 [ o0ea [ oo s 065 1 043 232 2 7.33
JARZ? u 3.04 | 248 | 0064 | 0029 115 069 | vAl 332 1 30 738
MWDIAR2T w0 3.4 | 244 | 0064 | 0027 13 069 | 082 [X5) 1 40 7.05
MWDIARIT mn 304 | 2.4 | 0064 | oo 115 069 | 035 XN 1 50 6§99
MWDJAR2T 70 314 | 337 ] oues | 0029 1is 069 | nsl 232 1 60 6.7
MWDIARST 0 34§ 281 | 0068 | 0020 11 069 | 7l 832 1 ™ 667
MWDIAR2Y ED 334 1 193 | o064 | onz 11 069 | 062 232 D 6.63
MWDJARZ? 0 4 | 133 [ 0064 | nois il 069 | 07 832 % 6.56
MWDIAR2? 70 314 | 1R [ 0064 | un29 115 069 | 0M 832 100 6.42
( MWDIAR2? 3.4 ] 1.9 | o064 [I8 069 [ 832 1 110 6.33
MWDIARZY 0 304 {112 | o [ o0 18 169 130 132 1 120 6.19
MWDJARZ? k) 304 | 1m | owed [ oo 1138 1.65 2.10 032 1 130 .15
MWDIAR2? £ 394 | 136 | o6a | om7 11s 0.69 1.70 8.32 1 140 605
MWDJAR27 0 3.14 1,75 1004 04016 115 .69 J.1u 832 1 150 5.85
) MWDIAR2E 70 274_| 282 | 0usg | oos7 I} 047 | o3 %12 1 a 517
MWDIAR2E 7 274 [ 26) | 00K | 0047 111 047 | ux2 8.12 10 191
MWDJAR2S T 274 245 D058 0.042 (184 047 0.20 8.12 kil 7.30
MWDJAR2S 70 274 239 | 0058 0.039 111 047 .17 .12 30 7159
MWDIARS o 2.74 .27 | 6osR | D033 M 047 _| 0.6 811 1 « 747
MWDJAR2S o 274 .17 | 00S8 | 10d 10 047_| o2 312 1 50 .37
MWDJARIS 70 2.74 04 | ouss T 0032 111 047 | 023 8.12 1 60 7.25
MWDJARIZ o 274 | 202 ) o058 | oow 1 047 | om0 512 1 0 109
MWDJARS 0 174 1.96 (LOSR 0.027 11 047 .24 R.12 1 Ml 704
MWDIAR2E [ 274 | 138 | 003§ | o7 [T 047 | o021 512 1 9 539
MWDIAR2E m 2.74 1.82 U058 0.028 11 047 0,28 8.12 1 100 5.89
MWDJAR2E Kl 274 1.82 N.058 0030 111 047 427 212 1 i10 678
MWDIARE 70 274 | 13t | oSk | ows 11t 047 | u3n 412 1 120 6.7
MWDJAR2E Ly 2.74 1.6) D058 0.029 i 0.47 0.50 8.12 1 1 6.63
MWDIAR2R T0 2.74 1.720 [iXiic U0 11 N.47 0153 £.12 1 140 6.55
MWDIAR2S Ly 2M 1.24 0058 0027 Itt 047 .45 212 1 1§24 641
MWDIAR2S n 2.74 1.5% 0058 1.026 111 047 .45 .12 1 ol 6.38
MWDIAR2S 0 2.4 .51 0.05% 0144 11t 047 1).58 .12 1 Im 64D
MWDJARZE 70 274 | 168 | 0058 | o023 1L a4l | oor .11 1 130 6.13
MWNJARDS ki 274 1.67 11 (158 0141 111 0H47 D67 b R1) 1 10 6.21
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cone-8-S
Study 10 Water T6C UV-254 Alkalin idity PH B T
% CRW | % SPW (mg/L) (t/em) (mgiL as CaCO3) (NTU} 0 C Dosa Acid Base Coag.
Raw | Filt. | Raw Filt. Raw Filt. Raw Fiit. Raw | Filt. 1D j 7 pH
{see above) {YM) YN} {}
blank=N biankxN
MWDIJAR2Y 70 2.50 2.55 1141 11040 113 01.68 0.68 810 1 a 3.20
MWDJAR2Y N 2.50 244 1.040 (.030 118 0.68 0.58 3.20 1 10 7.92
MWDIAR2Y kol 2.50 225 1.040 0.6 115 0.63 0.52 330 1 20 769
MWDJAR29 0 2.50 212 0.040 0,023 118 0.68 0.44 8.20 30 .51
MWDIAR29 0 2.50 1.97 n.040 0.020 §15 0.68 0.54 820 40 748
MWDJAR2? m 2.50 191 | o0do 0,020 115 0.60 0.72 820 1 50 7.39
MWDJAR2? L 150 1.80 0.040 0.01% 115 0.63 .77 820 1 60 7.06
MWDJAR29 70 2.50 1.76_| a.0d0 0.01% [1}] 0.63 0.36 £.20 R 6.9%
MWDJAR2? 0 .50 1.76 | o040 0.018 s 0.63 0.61 120 20 6.9
MWDJAR2S 0 2.50 1.67 | G040 0.017 33 0.68 .50 120 %N 6.90
MWDJIAR2S T .50 1.62 0040 0.01 1} 0.63 0.60 120 1 100 647
MWDIAR29 n .50 1.60 | 0.040 001 115 0.63 0.7% 120 1 110 6.30
MWDIAR2S 0 2.50 149 0,040 0.0 1% .63 L.00 120 120 &2
MWDIAR29 70 .50 147 | o040 0.017 H5 0.63 110 320 130 663
MWDIAR2S 70 2.50 147 | 0.040 0.6 1 .63 |.00 320 1 140 6.58
MWDIAR2S T 2.50 141 0.040 0.012 1l 0.68 Ly 3.20 1 150 6.40
MWDJAR2Y n 2.50 139 | 0.040 0.014 11. 0.6% 120 $.20 1 160 633
MWDJAR2S n 2.50 137 §{ 0040 9.014 115 068 |20 310 1 170 627
MWDJARS 10 .50 2155 0.04¢ 0.037 134 042 03§ 34| 1 1] 240
MWDJAR 100 2.50 230 0.040 0029 134 0.42 D49 341 1 10 754
MWDIJARS 109 2350 .10 0040 4.029 134 D42 049 841 20 .63
MWDIARY 100 2350 2.00 .04 0025 134 0.42 0.41 241 30 7.39
MWDIAR3 100 2.50 1.94 (1,040 0.023 134 D42 0.6 841 40 7.32
MWDIAR3 100 2.50 1.85 0.040 0.022 134 042 .61 R4l 1 S0 713
MWDJAR3 10 230 1.73 0.040 0.022 134 042 0.78 241 1 60 6.93
MWDJAR3 100 250 1.65 0.040 0.01% 134 1042 0.86 41 1 0 £.%0
MWDJARS 0 250 1.60 0,040 0020 134 042 1.10 241 1 80 6.84
MWIJAR3G 0 244 250 | 0042 0.04) 116 0.3 0.58 3.14 1 0 8.12
MWDIAR30 0 244 236 0.042 9.032 116 0.4 0.61 8.14 1 10 2.81
MWDJAR30 70 244 220 | 0042 0.027 116 0.1 .50 8.14 1 20 7.53
MWDJARI0 0 244 1.04 0.042 0.024 16 0.3 0.50 3.14 1 0 236
MWDJARIO T 244 1.96 0.042 0.012 6 0.3 .70 814 1 4) 729
MWDJAR30 70 244 123 | 0.042 0021 6 0.3 0.5 8.14 1 50 723
MWDJARY ki 244 192 | 0.042 0019 116 0.3 0.58 8.14 1 60 7.00
MWDJAR30 70 2.4 1.36 | 0.042 09 116 0.3 (164 8.14 0 6.86
MWDIARI0 70 244 1.88 | no42 4017 16 0.3 0.72 814 20 6.82
MWDIAR30 kY 244 1.84 0.042 0.6 116 0.3 .84 R4 9% 6.7%
MWDJAR3O 0 2.4 1.833 1.042 o008 116 08 1.10 B.14 100 6.74
MWDJAR30 70 24 LN D042 0,045 116 0.2 0.95 B.14 1 110 670
MWDJAR3G 70 244 127 0.042 o019 116 03 0.75 8.14 1 120 6.51
MWDIJAR3G n 244 126 0.042 Q.018 116 1% ] 1.1¢ B.14 130 6A3
MWDJAR3U u 2.44 124 0.042 0017 116 03 0.87 B.14 140 6.36
MWDIAR30 70 2.44 124 (.042 a.016 116 0.3 1.30 8.14 150 6J1
MWDIARSH 70 2.44 LI3 0.042 15 116 0.5 1.2 .14 1 160 627
MWDIARA L 0 2.60 2356 | 0053 [X(F2) 114 045 QA 229 1 [ 330
MWDJAR3L n 2.60 244 0.053 a.052 114 045 0.55 829 1 {4 191
MWDJAR3 | mn 2.60 222 | 0083 0.U36 114 045 .50 329 1 20 166
MWDRIARIL n 2.60 2,10 | 0053 0.033 114 045 035 B29 1 30 7352
MWDJAR3E 70 2.60 2.00 | 0053 .031 114 04S 033 329 40 732
WDIARS| 0 2.60 L4 | 0053 0.029 11 045 .53 8.29 5a 127
MWDIARS| 70 2.60 187 | 0.053 0.028 114 A5 042 829 (] 7.20
MWDJARSL N 2.60 181 | 0083 0.026 14 045 043 329 1 7a 708
MWDIAR3L ] 1.60 L2 | 0053 0.024 tis4 0AS 048 825 80 700
MWDJAR3| 0 2.60 1.62 0.053 0.023 114 045 043 B.29 1 90 6.96
MWDJAR3] 70 260 1.62 | 0053 0023 14 045 0.52 829 1 100 6.86
MWDJARM m .50 1.58 | 0053 0.021 114 845 .50 829 1 110 6.72
MWDJARM o 260 151 { 0051 0.021 114 0.45 0.67 129 1 k20 6.68
MWDIARM 70 2.60 147 § 0053 o420 114 045 0.63 829 1 130 6.59
MWDJARN 70 260 150 | 0.053 1.020 13} 0.45 .73 129 1 140 6.52
MWDIARIt T0 2.60 146 0.053 0.019 114 045 o 29 150 6.46
MWDJARI T 260 140 (.053 D018 114 045 a.71 129 160 6.39
MWDIAR3) 0 260 126 .053 0.018 114 045 1.00 128 70 6.55
MWDIARIL n 2.60 1.30 | 0053 om7 14 0.45 .10 229 1 130 643
MWDJARYY kil 2.60 117 1053 2.7 14 045 1.10 129 1 190 634
MWDJARM 0 2.60 1.12 0.053 1016 15 045 140 4.29 1 200 6.23
MWDJARI2 0 249 258 0.048 D.047 106 0.52 .44 1.06 1 [ 3.07
MWDJAR2 n 249 2136 | R n.047 106 .52 37 506 1 10 7.90
MWDJARI2 70 249 213 0.148 0.040 106 0.52 026 .06 1 20 .73
MWDJSAR3 T 249 1.96 0.048 0442 153 .52 0.32 206 1 30 2.51
MWDJARI2 kil 249 2.9 01.048 0.035 106 0,52 029 806 1 40 7.48
MWDJARY 0 249 104 (.148 0.030 105 0.52 029 RU6 s0 741
MWDIARIZ o) 24% R 0027 106 0.52 [X] [X3 [ 727
MWDJARIZ kY 249 150 | D48 4.022 106 0.52 a.3a R06 0 7.14
MWDIARI2 T 249 1.74 0.14% 0.022 106 0.5 033 .06 1 30 704
MWDIARI2 kY 249 173 0.048 0.022 108 .52 030 R.06- 90 697
MWDJARIY 70 249 1.67 0.048 0,023 106 .52 037 B.05 100 636
MWDJARI2 0 249 1.67 D448 0023 106 0.52 042 BOG 110 633
MWIIARIY 70 249 160 1.04% 0.021 106 0.52 0.39 8.06 1 120 6.30
MWDJARIY 0 249 1.59 1).048 0.019 106 0.52 049 .06 130 6.75
MWDJARI2 b 2.49 162 | no4s 0% 106 0.52 .53 806 1 140 6.66
MWDIARIZ ™ 249 152 | naus D418 106 0.52 0.56 [ 1 150 6.65
MWDJARI2 0 249 1.55 .44 13018 106 0.52 1.7 B.06 1 i) 6.51
MWDJARI2 1 ™ 249 156 { baKg 0017 106 0.52 [ B.06 1 170 641
MWDJARIY | T 249 141 | Didn 0.017 106 .52 0.65 RU6 1 180 634
MWDIARI2 il 2.4% 1.39 1).548 0.017 106 .52 0.7% R.O6 1 190 6.1
MWDJARS? | u 249 150 | u.aas 4.015 166 0.52 085 (X 1 20 506
MWDIARI2 T 249 ;1 137 | noas 6018 106 0.52 0.85 [ 1 210 5.0
MWDIARI2 : £ 249 1 133 | 04uR 0.018 106 0.52 116 K06 1 220 [
MWDJARIY ¢ &0 272 1 269 | 0u74 1604 1.0 K03 1 [ 7.91
MWDJARYY ¢ [ 272 1 262 0074 1062 104 1M 0.51 X403 1 14 .59
MWDJARIY Al 272 1 250 | nor4 0085 14 1.7 066 203 1 20 738
MWNIARIY 60 272 1 240 D 74 (X031 Hd 1. ned T oxon k) M 717
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conv-8-S
' Study ID Water ToC UV-254 ini Turbidity pH C ion Conaftions
% CRW | % SPW imgrL) (¥fem) imgn. as CaCO3) (NTU) [1] [ Dose Acid Base Coag.
Raw { Filt. | Raw Filt. Raw Filt, Raw Filt. Raw | Fiit. 10 i d? ? pH
(see above) {Y/N) ') {
blank=N blank=N
MWDIAR33 60 272 | 215 | 0074 | 0043 104 1% u.7s .03 1 40 6.9%
MWDIARS) 60 172 | 209 | 0074 | 0042 [ 170 084 3.0} 1 50 5.97
MWDJAR33 60 in 204 | 0.074 0043 104 .0 0.36 B.OY 1 60 6.77
_ MWDJAR33 60 17 1.92 | 007% | 003 104 k] 0.51 5.0} 1 k) 549
| MWDIARSS 60 in 186 | 0074 | oais 104 k) L10 503 1 0 6.33
MWDJAR33 60 2 1.75 | 0074 0.038 104 1,70 0.97 2.0} 90 65.16
MWDJAR33 60 n 157 | 0076 | o037 104 170 2.00 £.03 100 6.11
MWDJARSY 60 2.51 2.67 | 0048 0.043 109 0.77 0.67 827 1 0 837
MWDJAR34 60 251 157 | D042 QU35 109 0. 0,70 827 1 10 1.7
MWDJARM 60 2.51 246 | 0.048 | 0031 109 o177 0.70 537 1 20 7.57
MWDIARM 60 2.5) 232 | D4R 0025 109 077 a.4i 8.27 1 30 743
MWDJAR4 60 2.51 228 | 0048 0.025 19 077 0.57 327 1 40 728
MWDJARS4 ()] 151 222 | 0042 0024 109 0.77 0.72 327 1 50 .18
MWDJAR34 60 2.51 1.91 0.04% Q.01 109 0.77 0.57 227 1 0 7.0%
MWDJAR34 o0 2.51 1.99 | D04 4.020 109 o7t | ost 327 1 0 6.98
MWDJAR3 & 251 182 | 0.048 0.019 100 077 | 066 227 1 0 6.91
MWDJIARM & 2.51 (.76 | 0048 0027 109 0.77 .73 3.27 1 X} 6.81
] MWDSARM [ 2.51 1.69 | 0448 { 0023 109 01T | 078 827 1 10 6.76
MWDJARM 60 2.51 1.64 0.048 0,022 19 0.77 0.8 1.27 1 110 6.6%
MWDJARM &0 251 1.48 | 0.048 0.035 109 2.77 1.40 327 120 6AS
MWDJARM &0 2.51 147 | 0.048 0.036 i) 077 150 127 130 6.41
MWDJARIS &0 3.44 3,13 0.081 0.077 111 0.74 0.65 1.36 '] 334
MWDJARIS & 3.44 327 | 0.081 0.054 111 0.74 1.58 336 1 10 736
MWDIARIS 344 | 292 | o081 D084 11t 0.74 0.50 836 1 Fo) 1.57
MWDJARIS 60 348 | 266 | 0081 0.038 111 i 0.7¢ 0.56 1.36 1 30 7.39
MWDJAR2S 60 344 249 | o081 0.036 1t 0.74 047 236 1 4D 725
MWDJAR3S &) .44 233 angl 0.038 11 0.74 043 2.3G 1 0 710
MWDJAR3S &0 344 | 237 | voat 1043 111 0.74 067 136 1 &) 6.3
MWDJARIS 60 34 215 | 0081 1.034 11} 0.74 0.72 336 1 n .78
MWDJARIS 60 34 202 | o081 0123 13 0.74 .54 3.36 1 30 6.69
MWDIAR3S &0 : 34 2.08 | G081 0428 1t 0.74 0.70 8.36 1 90 6.61
n MWDIAR3S [ 344 1.88 | 008i 11026 [ 0.74 058 1.36 1 100 6.54
MWDJAR3S 60 344 181 | oodi 0.028 [T 0.74 D68 136 1 110 6.38
MWDJAR3S [ 344 171 | oas1 0.028 [ 0 L1o 136 1 120 617
MWDJAR3S o0 344 i | 0081 27 111 0.74 L.In 5.36 130 606
MWDIAR3S () 344 165 | o8 0.031 il [%7] 1.30 £.36 140 600
MWDIAR3S 60 344 1.64_| 0081 .028 111 0.74 1.50 836 150 591
MWDIARYG (o) 322 | 320 | 0064 .063 107 0.43 0.40 1.10 1 [ .13
’ | MWDIARSS 60 322 | 298 | 0064 | was 107 043 .27 B.10 1 10 .7
| MWDJAR36 & 321 | 280 | 0064 | o047 107 041 030 £.10 1 20 7.58
MWDJARG [ 322 | 269 | 0064 | onad 107 043 0.27 K10 1 3 743
MWDIAR36 50 322 252 | 0.064 0.040 {4 043 (1% 8.10 1 40 gl
MWDJAR36 [ 322 | 238 | 006k | w03 107 043 0.32 £.10 1 sa 7.19
2 MWDIAR3G [ 322 1 234 | 0068 { 0037 107 0.43 026 30 [ 60 146
) MWDJAR3S 60 322 224 | c.064 0.03§ 107 043 025 8.10 1 0 125
MWDJAR3G 0 322 | 237 | 0068 | 00X w7 043 027 %.in 1 ) 7.06
MWDJARY 60 132 | 207 | 0064 | 0033 107 0.43 026 .10 1 ) 6.95
MWDJARIS 60 332 | 202 | 0.064 0.030 107 043 427 .10 1 100 6.86
MWDJAR3IS 60 1.2 1.98 | 0.068 4.037 107 0.43 045 $.10 1 110 6.78
(WDJAR3S 60 3322 1.75 | 0064 0.026 107 043 0.36 210 1 120 6.77
IWDJAR3S 60 322 1.74 | 0.064 0026 107 043 036 ENT) 1 130 6.66
(WDIAR3S 60 332 1.72 | 0.064 0.027 107 0.43 0.38 1.10 140 658
MWDJARIG &0 322 1.75 D.064 06 107 0.4 042 le 150 649
[ MWDJAR3IS L4 3.22 X1 0.064 0.025 107 0.4 035 1.10 160 651
MWDJARIS [ 322 170§ o6 0.039 167 04 .95 1.10 170 6.34
MWDJARIG [ 322 (R 0.037 a7 043 1.E7 &1 180 621
MWDJARIG & 322 164 | o064 0.050 107 043 L13 .10 190 6.13
MWDJARIT & 256 | 263 | 0039 0.038 109 0.8 0. B.1S [ 335
MWDIARIT [ 256 | 249 [ 0019 0036 109 0.88 0.56 B.1S 1n 195
MWDIARI7 60 256 | 235 1 oux | goa [ 0.18 .52 £.15 1 20 Ri.]
MWDJIARYIT 60 2.56 2.2 0.0319 026 109 048 U3 R.15 1 30 7.57
MWDJARI? ) 2356 | 222 | 0019 ] 004 09 0.88 0.5% .15 1 « 740
MWDJARS? 60 256 | 207 | 0039 | o2 109 0.98 .54 [X] 1 50 729
MWDIARS? &0 2.56 184 | ooy {002t 109 0.88 0.56 [X] 1 ] 725
MWDJAR3? &0 256 181 | o039 | 0o01p 109 0.8% 0.65 8.1 1 o 112
MWDIAR3? [ 2.56 76 | 0039 | 0017 109 0.88 0.65 £.15 1 [ 10t
MWDJAR3? [ 2.56 183 | 003 0.015 [ 088 .87 .1 1 9% 6.96
MWDIJAR3? ) 256 | 162 | 0039 | o016 109 082 0.8 3.1 1 100 6.88
MWDIARS? 60 256 | 158 | 003 0015 109 088 0.86 it 1 110 6.81
MWDIAR3? [ 2.56 142 | 0.039 0018 109 0.8 0.97 3.l 1 120 6.76
MWDIARY? 60 2.56 142 | 0033 | 0017 108 0.3% .95 115 13 6.56
MWD/ARY? 60 2.56 138 | 003 | w15 18 0.8 0.57 .15 140 6.39
MWDJARS? 60 1.56 1.37 | 0039 D015 0 (.33 1.00 815 150 6.36
MWDJAR3? [ 2.56 139 { wo3s | oois 10 038 100 .15 1 160 628
MWDJAR3? 60 2.56 133 | 0033 0014 109 0.3% 130 .15 170 623
MWDJARIE & 249 | 247 | 0.4y 0449 110 [X7] 0.76 B.13 [ 314
MWDJARIE 6l 349 | 235 | a9 | 03 1) 0.3 0.53 B.13 10 774
MWDIARIR 60 249 | 212 | oumy 0027 110 0.M u.39 .13 1 20 744
MWDJARIE & 2.49 192 § oy | 002) 110 0.84 0.33 $.13 1 3a 129
3 MWDIARIS [ 2.49 1.36 | a4y | oo [ o.M 045 213 1 <« 118
MWDJARI® 60 249 180 | 0049 | 0020 110 [T7] [ 213 1 ) EAT]
MWDIARIE 0 249 156 | 004y | 0020 1 U84 0.0 %.13 1 [ 6.95
MWDJAR3S [ 2.43 162 | 049 | o0k 10 0.84 061 3.13 1 kD) 6.87
MWDIAR3R &0 2.49 1.51 | 049 | 017 110 0.4 0.49 3.13 1 ) 6.85
MWDIAR3S [ 249 147 | 0049 0.037 g [ 0.5¢ A1 1 ) 6.79
MWDIAR3E [ 2.49 138 | 0049 D014 110 0.84 [X7] 5.3 1 100 6.7
MWDIAR3S [ 249 139 | 0ad9 014 110 [ 0.83 3.13 1 11¢ 6.59
MWDIAR3S [ 249 1.34_| ixg 0.020 110 0.84 0.57 [XE] 1 120 6.53
MWDIARIS &1 249 135 | 04M9 0021 [T 034 0.95 8.13 1 130 648
) MWDJAR3E 60 245 134 | uoay 0420 110 084 110 K.13 1 140 6.39
MWDJAR3S &0 249 129 | vide n.n1g 110 [X7] 120 8.3 1 150 633
' . MWDJIAR o 149 1.3} 148 Nk 110 0.M 1.20 811 1 ﬂl 621
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conv-8-5
Study 1D — Water TOC Uv-254 ine Turbidity oH T 7on Conditions
% CRW | % sPw (mg/L} (1/cm) {mg/L as CaCO3) {NTU} {} C Dose Acid Basa Coag.
Raw | Filt. | Raw Filt. Raw Filt. Raw Fitt. | Raw | Filt. D i ? d? ¢H
(ses above) (YIN) [Y/N) {
i, blank=N blank=N
MWDJAR3? & 268 269 | 0.059 0.057 109 (Y73 048 826 1 0 322
MWDJAR3Y 60 2.63 243 0.059 0.042 102 D48 51 326 1 10 7.87
MWDIAR3S &0 2.68 2.31 0.059 0.u39 109 D4R 0.37 126 1 20 7.65
MWDJAR3S &0 2.68 2.15 | 0059 0.035 15 048 0.3 126 3 752
MWDIAR3S & 2.68 1.98 | 0059 1.031 103 D42 0.8 126 41 236
MWDJARYS L4 2.6% 1.87 | 0.059 D30 109 048 0.37 3.26 50 729
MWDIARI9 6l 2.6% 1.80 0.059 0.026 109 048 042 .26 1 60 2.12
MWDJAR9 60 2.68 1.74 0.059 0.026 109 048 0,54 8.26 1 kil 7.02
MWDIAR39 60 2.68 1.66 .05y 0.025 109 0.4 041 3.26 1 20 6.95
MWDJAR39 60 268 161 | 0.059 £.023 109 041 .58 326 1 o 5.88
MWDJARI9 60 2.68 1.60 0.08% 0022 19 048 0.68 3.6 1 100 6.79
MWDJAR3I? 60 2.68 1.60 | 0.059 0.025 109 043 0.77 $.26 1 110 6.13
MWDJAR3® 50 2.68 .50 0.059 0.023 103 0.48 .76 226 1 120 6.75
MWDJARI? 0 168 1.57 § 0.059 0.023 1m 043 1.0 826 1 130 6.6
MWDJAR3® 60 2,68 143 | 0059 0.021 19 0.43 .80 2.26 1 140 642
MWDJARI® 60 2.68 141 0.659 0021 109 .48 a.92 3.26 1 150 638
MWDJARI® 80 268 1.4 0059 0.021 109 043 0.92 236 1 160 627
MWDIARS 100 255 267 0.043 0440 13 0.85 0.20 8.23 1 a 208
MWDJARS Ly 1.53 268 | D.43 0018 113 .85 040 | $1] 1 10 7.85
MWDIAR4 [[L4] .55 254} 0043 00314 123 .35 a.30 323 1 20 7.60
MWDIAR4 1ot .5 244 | D43 4,031 123 0.85 026 813 1 30 4%
MWDJAR4 toa 15 231 | o043 0.02% 123 08§ a.2] 523 1 40 M 737
MWDJARS 100 1.5 226 | 0043 G123 123 U85 0.33 213 1 b 727
MWDJARS 100 2.5 209 0.043 0,027 123 - 0.85 021 223 1 60 - 721
MWDIARS 100 .55 2.4 0.043 0.030 123 . 085 0.22 B13} 1 105
MWDJARS 100 .55 195 | 0443 4026 123 .85 0.25 R23 1 30 697
MWDIARS 100 1.55 1.92 0.043 (1LG2T 113 .85 .31 [54) 1 6.91
MWDJARS 1oa 1.55 134 | 0043 0125 113 .83 028 £2} 1 100 6.82
MWDIARS o 2.55 185 | 0043 @027 123 n.ss 11.55 223 1 110 6.75
MWDJIARS0 60 1.57 2.53 11042 (046 F1) 3.10 0.52 RO 1 ] 203
MWDJARSO 60 257 241 0042 0042 101 3.0 033 8.05 1 10 7.85
MWDJARSO 60 3.57 335 0.041 0.035 101 3.10 0.34 ROS 1 20 .68
MWDJARSQ 60 2.16 0.042 0.032 101 310 034 105 1 30 154
MWDJAR40 [ 2.57 2.4 | 0.042 (L030 101 3.1 027 R.05 1 L4 733
MWDJAR4D 60 2.57 1.30 0.042 0.028 Lot 3.0 234 1.05 1 50 726
MWDIARS 60 176 0.042 0.026 iot 3.1 020 R4S 1 60 7.13
MWDIAR4G 60 1.57 166 | 0.042 0.024 10t 3.0 0.32 805 1 n 7.02
MWDIARSS 60 257 1.66 0.042 0.022 101 3.0 038 3,05 1 20 6.96
MWDJAR4G 60 2.57 1.59 0.042 0.02) 10t 310 033 8.05 1 9 6.89
MWDIAR40 L 2.57 1.57 0.042 0.021 101 310 .38 1.05 1 100 6.75
MWDJAR4 [ 257 1.49 0.042 0,022 ot 3.1 .43 105 1 110 6.74
MWDJAR&K &1 2.57 148 | 0042 0.021 101 3.10 0.54 3.05 1 120 6.70
MWDJAR40 6 257 147 | o042 a.020 10t 3.0 .61 1,05 1 130 6.65
MWDIAR4G & 2.57 1.39 0.042 o.0t9 101 3.10 .69 8.05 1 140 6.54
MWDIAR40 o 2.57 139 | 0042 0.m1¢ 10 310 0.0 805 150 6.46
MWDIAR4G 60 2.57 136 | 00dl 0olg 11 3.10 .75 145 1 160 6.39
MWDJAR4G 60 2.57 1.53 0442 0017 101 3.10 .80 3.05 1 170 6.30
MWDIARSD 6 2.57 1.61 0.042 o017 (2]} 3.0 1.20 1.05 1 120 5.19
MWDIARAG oft 2.57 150 | 0.2 n.ole ({18 3.10 120 105 1 190 6.13
MWDJARSL 50 2.64 178 | 040m Lad 0.85 .13 1 [ 7.98
MWDJAR4I 50 2.64 .69 | 007% {1065 94 DR 0.56 .13 1 10 TAT
MWDJARSL 50 2.54 250 0,079 0.058 pad LA .65 %.1) 1 20 725
MWDIAR4] 0 2.64 240 { 0079 94 DS .50 13 1 30 7.08
MWDJAR4] 50 254 3121 [Xirid D440 had .85 .50 .13 1 40 6.53
MWDJAR41 50 264 .13 0.07% (041 94 0.8% o.M R.13 1 ko) 6.82
MWDJAR4] 50 .64 215 | 009 0.040 94 0.8% .58 i.13 1 60 6.73
MWDJAR41 50 2.64 1.97 a.07% 0431 94 085 (.80 2.13 1 0 661
MWDJAR4| 30 254 1.96 0,079 0031 kad .8 1.00 &.13 1 20 6.44
MWDJARdL 30 2.64 1.5 0.079 0.0 94 .8 .98 3.13 1 50 6.1%
MWDJAR42 30 137 2.52 0.061 0054 103 0.7 .78 3.17 1 4 8.15
MWDJAR4Z 30 2.37 2.32 0.061 0.034 103 0.75 0.57 3.17 1 10 749
MWDJAR42 50 .37 .13 | naG6t 8,031 10. 0.75 0.68 3.17 1 20 732
MWDIARS2 50 237 2.0 0.063 0027 10. 0.75 0.51 117 1 30 712
MWDIAR42 30 237 1.91 0.061 1028 10. 0.75 0.86 417 1 40 7.0%
MWDJAR42 30 237 1.7% 0.061 0.018 10 0.78 1185 8.17 1 50 5.88
MWDJARS2 0 237 1.7 0061 0.024 103 0.75 1.50 &.17 1 60 [X1]
MWDJAR42 s 2.37 1.33 0.061 0.02% 103 .75 1,30 17 1 x 6.60
MWDIAR4Z 1] 237 1.30 0061 0028 101 {175 1.50 1.17 B 6.51
MWDJARA2 30 2.37 1.66 1.061 11624 103 0.78 1.40 817 9 549
MWDIAR4Y 30 .37 1.72 0161 $.026 103 0.78 1.5 3.7 100 641
MWDIARAL S0 237 1.58 0.06% 0.028 103 .78 1.50 2.17 [134) 6.6
MWDJAR4} 50 118 J4t 1L1%E 0079 106 187 .74 832 1 4 8.7
MWDJAR4Y it EATY 303 1 uoxi 2058 106 0.87 .86 132 1 10 78R
MWDJAR4} b 318 2.7 (X)) 0046 106 (.57 0.72 £.32 1 20 7.58
MWDJAR4} S0 3.1 2.5¢ .U%8 0.039 106 .87 .66 3.32 1 30 136
MWDIAR4Y s 118 226 | 00RE 0036 106 0.87 0.51 832 1 4 22
MWDJAR43 S0 3.18 229 0081 0.036 106 0.87 051 3.32 1 50 7.13
MWDJAR43 S0 318 228 0.UR1 0.018 106 0.87 .61 X.32 1 &) 671
MWDJAR4AY Stk 118 214 0081 003 106 087 8.67 $.32 1 70 6.70
MWDJARAY pit} 3.1 2002 1.081 0032 106 087 .76 8.32 1 20 658
MWDIARAY S0 118 208 | 0amt [ 106 .87 073 432 1 % 6.54
MWDJAR43 30 318 2.05 0081 0032 106 087 .76 8.32 1 100 6.49
MWDIAR4} St 318 2.7 0.418¢ 0.030 106 087 1.20 .32 1 3149 6.33
MWDIAR4 30 118 1.92 0481 0.030 06 0.87 1.10 .32 1 120 624
MWDJAR43 $0 111 241 | nast 027 106 DT [ 1.32 1 130 6.13
MWDJAR4) 0 118 177 | nost 0.026 106 087 20 8.32 1 140 5.99 ‘
MWDJAR4Y 50 1.1 202 | vusl 0028 It 0.87 1.4 832 1 150 5.93
MWDJAR4 ) pRE 3.17 1) 166 0.070 103 1M ¢ 051 7.9% 1 [ 3.14
MWDIARS s 11 220 | ook .49 103 1301 U2k 7.99 1 10 1.6
MWDJARM 30 ENT] 2% | a6 0045 | 1m 130 b 027 199 1 20 1.50
MWDIARe 50 15t 264 | 0066 nasl 103 130 ) 1.24 19 1 3 kA
MWIJARSS Sty 151 242 {66 NOW [TIKl 1t 0 D& Xl 1 [} au 7.20
STKN-042
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. conv-8-5
Stuay ID Water TocC UV-254 Alialing Turbidity BH c ian Conditions
% CRW | % SPW (mg/L) {1/em) {mg/l. as CaCO3) (NTU} {) Ci Dose Acid Base Coag.
Raw | Fit. | Raw Fift. Raw Fitt. Raw Filt. Raw | Filt, [2) i ? ? pH
l (see above) Y/} (Y (1]
blank=N bienksN
MWDJARS4 $0 EXT) 231 | uoes | 0038 103 1.30 0l 7.99 1 0 7.4
MWDJAR44 sa EXT) 225 | aoes | 0012 103 1.30 .19 2.99 1 ) 707
_ MWDJARH 50 FAT) 34 [ 006 | 0033 ) 130 0238 1.9 1 n 6.93
MWDIARM 50 EAY ) 207 | 0.066 0.013 163 1.3 129 1.99 1 B0 557
MWDIAR 30 EAT 20 | 0066 [ o0 103 1.30 0.33 7.99 1 50 6.73
MWDIAR4 50 EAL} 1.97 | 0.066 0.038 103 130 0.35 1.9 1 100 6.68
MWDIARH 50 EXT 185 | 0066 | 0017 103 1.30 0.22 7.99 1 110 6.68
MWDJAR& 50 3.1l 183 | o066 | 0.030 103 1.30 .46 159 1 120 6.52
MWDJARH 50 3.1 183 | 0066 | 0o0m0 103 1.30 0.56 7.99 1 130 6.51
| _MWDMR« 30 3.1 1.78 | 0.066 0028 103 1.30 .52 1.99 1 140 . 6.44
MWDJAR4S 50 . 1.69 | 0.066 0.028 103 1.30 0.44 7.99 150 6.34
MWDJAR44 50 3t 166 | 0.066 0030 103 1.3 .45 .99 160 6.34
MWDIAR4S 50 246 | 263 0.061 105 [X1 0.7 5.14 [ 827
MWDIJAR4S 50 246 | 230 0.047 ws 0.87 0.55 514 1 10 791
MWDIAR4S 50 2.46 2.26 $.042 105 0.87 0.50 8.14 1 20 7.52
MWDJAR4S 246 2.07 0.036 105 0.87 0.52 5.14 1 30 7.55
MWDJARSS 50 246 1.96 0034 105 087 0.33 514 1 40 .31
MWDJIAR4S 50 246 ] 0.032 108 .87 .40 B.14 1 50 7.26
MWDJARSS 50 246 1.82 14029 [T 087 0.52 (31 60 7.16
MWDIARAS 50 2.45 .72 0.028 105 0.87 0.44 E.14 k) 7.2
MWDJAR4S 50 2.46 .76 1.037 W$ D87 0.62 L4 0 7.02
MWDJAR4S 50 245 1.69 0.026 s 0.87 0.64 5.14 £ 6.80)
MWDJAR4S S0 246 1.59 0028 10s 0.87 .72 X - 100 6.76
MWDIARSS 50 246 1.56 0024 105 - 0.7 0.94 .14 1) - 671
MWDIAR4S 50 246 1.52 0.023 105 0.87 0.65 3.4 120 6.62
MWDIARAS 50 246 .46 0.022 105 .87 .80 214 1 130 6.50
MWDJAR4S S 246 1.45 0021 108 0.87 L .14 140 6.48
MWDJAR4S 50 246 1.48 0016 105 0.87 Lo 314 150 6.52
MWDJAR4S 50 246 138 0015 105 087 |20 3.14 160 6.39
MWDJARAS 50 246 1.36 [XL] 105 .87 1.3a 2.14 1 170 537
— MWDJAR4S 50 246 131 0015 105 0.87 150 2,14 130 6.12
MWDJAR4S 0 245 | 256 | 004 | bwdo 10§ 0.73 [ £.13 [ 820
MWDJAR4S 50 146 2.54 | 0040 0.018 105 0.73 0. 2.13 10 7.86
MWDJAR46 %0 245 243 | 0.040 0419 105 0.73 0.44 8.13 20 7.63
MWDJAR46 0 146 213 | 0040 0.013 105 0.73 029 $.13 1 30 748
MWDIAR4S S0 246 | 205 | oo4n { Dol 105 0.73 052 513 1 4N 731
MWDIAR$S 0 246 | 200 | 040 {  npi0 108 (k] 067 8.13 1 50 219
MWDJARSG 50 246 | 136 | 0040 [T 105 0.73 0.66 .13 1 60 217
MWDIARG 50 246 | 173 | oo 0ol 105 .73 (R 8.13 1 70 7.04
MWDIAR4G 50 146 .35 | 0040 noly 105 0.73 0.33 313 1 80 6.93
MWDIAR46 % 146 | 162 | oo 0407 1as w7 0.75 X1 %0 6.34
MWDJAR4SS S0 246 1.59 | nosn 0004 105 .73 0.95 1.1 ) 6.75
MWDIAR4G 50 246 1,59 | 0040 (1K), 105 (%] 1.50 3.1 [2{ 6.66
. MWDJARSG 50 246 | 126 | ni4o u.023 105 073 1.00 £.13 1 120 6.50
MWDJAR4G S0 146 1.32 0040 0.0t 105 .73 1.10 3.13 1 130 6.45
MWDIAR4G 50 246 1.18 | Dm0 0ty 105 0.7 025 3.3 140 6.31
MWDJAR4s S 246 1.17 | D4 .06 [[H 0.73 1.10 13 150 627
MWDJAR4G 50 246 1.15 0040 .24 (2] 0.73 1.30 1.13 160 6.13
MWDJIARST S0 279 { 279 | noe3 0.062 102 042 040 32) 0 £37
MWDJAR4T 30 .79 3.70 | D.06! €.049 102 042 0.50 12 1 10 .35
MWDIARST 50 27 [ 139 | 06 (141 102 042 048 123 1 0 756
MWDJARST 50 719 220 § 0063 036 103 0.42 0.39 p i) 30 7.38
MWDJAR4T 50 179 2.15 0063 0,032 103 o042 042 12 40 723
MWDJARAT 50 179 194 0.063 0,028 101 042 045 3231 50 213
MWDJIARST 50 1.79 1.34 0.063 0.026 101 042 0.50 123 60 2.13
MWDJARST 50 179 136 | 0063 028 102 042 .50 121 70 7.03
MWDJIARST 50 179 169 | D63 a.024 02 042 0.43 §.21 30 6.92
MWDJARAT S0 279 [ 160 | 0063 0024 101 042 0.54 321 90 687
" | MWDIARaT S0 179 153 | 0.063 0.022 102 a4 0.58 123 100 6.77
MWDJAR4? S0 1 L6103 1.023 101 042 0.68 123 [T 6.6
MWDJAR4T 30 1.7% 1.53 | 0.063 1021 102 042 (2] 121 120 6.45
N MWDJARAT 50 .77 1.5 § 0063 @21 10} 041 [12+3 323 130 6.38
JARAT ED .19 149 | 0.061 0.020 [T} 041 .86 323 1 140 6.34
MWDIARAT £ 279 144 | 0063 (XL 12 042 nx 823 1 15 620
MWDJAR4T 1 .79 145 | o063 0020 102 042 1.30 £.23 1 160 6.1l
MWDJAR4R [ 331 301§ 126 k2] 140 1.3 191 1 [) 187
MWDJARAR 100 331 321 | 6126 | oam k2] 240 .58 7.91 1 0 157
MWIDJAR4R ino 331 305 | 6126 0081 71 240 n.53 791 1 20 332
MWDJAR4% 100 3.31 268 | 0126 | 006 kil 240 1.54 791 1 30 114
MWDJAR4S [ 131 236 | .26 0.061 n 240 1.52 7.91 1 40 - 613
MWDJAR4S 10 331 221 | 0026 | o054 kz] 240 0.45 7.91 1 50 (i)
MWDIAR{R 100 331 242 | a2 | oodo kE) 2.40 0.50 78 1 60 664
MWDJAR4S 100 331 1.89 | 0326 | o045 k2] 2.40 0.95 7.91 1 il 6.15
MWDJARSS [ 331 1.83 | 0426 [ o050 7 2.40 0.83 k2] 1 ) 609
MWDJARSE 100 331 L7 | 0126 | 0049 k2] 2.40 1.0 7.91 1 %0 5.80
MWDJAR4S Rl 2.55 .55 | 0.057 0.057 4 0.34 .36 793 1 ] 1.95
MWDJAR4S sa 235 | 231 | oos7 [ eus 94 0.34 .17 2.93 1 10 185
MWDJAR4R 0 255 220 | 0057 0.0435 94 0.34 .47 79 1 0 wm
MWDIAR4S sa 155 2.14 | 0057 41 94 0.34 [XT] 1.93 1 30 1.5¢
MWDJAR4R 50 255 197 | 0057 0.033 94 0.34 .20 193 1 40 748
MWDJIARSS 30 2.35 1.8 | 0057 | ooz 94 .34 .20 793 1 sa 239
MWDJAR4Z 50 2.55 1.74 { 0.057 1430 % .34 .20 793 1 60 134
MWDIAR4S 50 255 168 | 0.057 | nanx 94 .34 0.19 151 1 n 127
MWDJARS% 50 2.55 167 | 0057 1,126 4 .34 .20 793 1 [ 118
MWDJAR4S 50 2.55 16l | 0057 12024 54 0.3 0.2 7.93 1 %0 7.13
MWDIARSR 50 2.55 149 | 0087 023 Ll 0.34 0.40 141 1 100 7,02
MWDJARSK 50 2.55 1.55 | 0.087 1023 94 6.3 | s N 1 110 6.95
MWDIAR4K 50 2.55 LS8 | hos? 0022 " OH 1 n4 .93 1 120 581 ‘
MWDIARSR 50 2.55 1.56 | 00s? .02t 94 034 | a1 79 1 130 661 ‘
. MWDIARSX 50 2.55 149 | 0087 0120 94 034 .44 793 1 140 6.55 ‘
MWDIARSK 50 2.55 147 { nas? 0120 94 0.34 [k 90 1 150 644 ‘
MWDIARAR S0 2.58 41 1157 G2 . 44 W .20 70 1 16 6 X1
i
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Study 1D — Water TOC ~ UV-254 A ; Turbidity oH C Conditions
% CRW | % SPW {mg/L) {1/cm) {mg/L as CacQ3} (NTU) ] Coagulant Dose Acid Base Coag.
Raw | Fiit. | Raw Filt, Raw Filt. Raw Filt. Raw | Fitt, 10 j 7 j 7 pH
{sec above) (YMN) (YN} 0
blanksN blank=N
MWDJAR4Y 100 233 | 23 | 00T | 0074 n 0.35 a7 [ 1.07
MWDJIARAY 100 233 | 220 | 0477 | oost n 0.57 10 10 1.65
MWDJARAS 100 233 {219 | 0077 | ooso n 0.75 .07 2 141
MWDIARSS 100 233 | 201 | 0477 | 0046 n 0.56 207 30 7.24
MWDJIAR4S 100 2.3} 1.3 0.077 0.043 7 0.72 207 A0 715
MWDIAR49 100 233 L35 | oo | oo n 0.75 207 50 7.05
MWDIARSS 100 2.33 172 | 0077 { oo k2] 0.83 207 &0 7.00
MWDIAR4Y 100 2.33 L73 | 0077 | 0037 k] 047 807 1 k) 6.87
MWDIAR4S 100 2.33 142 | 0077 ] o038 n 047 8.7 1 0 6.73
MWDJAR4S 100 2.33 141 | 0077 | 0035 k2] 0.57 807 0 6.66
MWDJAR49 100 233 154 | 0077 | w30 3 (.56 807 100 6.58
MWDIAR4S 10 2.3) 131 | 00T {  an2s 3 0.60 5.07 1 110 545
MWDIAR4S 10¢ 2.33 1.30 i 0077 0.03} 3 .45 BO7 1 120 6.38
MWDIAREY 100 2.33 135 | 0077 [ au29 73 0.60 .07 130 £.23
MWDJAR4Y 100 2.33 120 { 0077 | un2s B 0.65 BT 140 6.14
MWDJARS 100 2.37 240 } 0448 0.148 131 0.76 0.58 2323 a 82
MWDJARS 100 2.37 227 | 0.448 0.4 131 0.76 .57 323 1 n 1.38
MWDJARS 100 2.37 2.19 | 0048 0038 131 .76 047 8231 1 20 1.7
MWDJARS 100 237 2.32 | 0.048 D.036 131 .76 0.5% 1231 30 7.66
MWDIARS {243 237 207 | 0048 n.033 131 0.76 0.61 3.2} 40 7.52
MWDIARS 1 2.37 1.96 | 0.04% 0.029 131 0.76 .46 2 50 7.44
MWDJARS 100 237 1.94 | ogax [ pa2s 131 0.76 0.78 121 &0 1.36
MWDJARS 100 137 1.4 | 0048 $.026 13t 0.76 0.77 323 1 bl 725
MWDJARS 100 237 | 177 | am | o028 131 0.76 .32 121 1 30 - 116
MWDJARS 100 237 | 175 | 08 | 0.0 13t 0.76 0.85 [E] 1 % 7.05
MWDJARS 10¢ 237 1.68 | 0.048 0.018 131 0.76 0.86 .23 1 100 7.06
MWDIARS 100 237 | 165 | GMR | oS 131 0.76 1.30 823 [0 6.57
MWDJARSD 100 390 § 445 {00 ouw fzd 1.7 1.50 $.00 0 £.00
MWDJARSD 100 39 { 369 | wlio { oum 7 1.7 .79 .00 10 744
MWDJARSY 100 350 § 347 | oiatg oo ” 3.7 U.39 200 20 7.18
MWDJARSO 100 390 | 281 | ol | 007 ki 17 u38 200 30 6.99
MWDIARSD 100 390 | 238 { odia | oo k2l 1.7 03l £.00 40 6.91
MWDJARSO 100 390 | 225 | alto | ooy k2l 17 0.66 200 sa 6.59
MWDIARSY 1w 390 | 2.6 § o110 | o0 kzd 1.7 .60 2.0 1 6 666
MWDJARSG 100 390 1 206 | 0110 | 00w kil 1.7 1.5% £.00 1 u 645
MWDIARSD 100 390 | 199 § nlio | 000 2 1.3 .65 £.00 1 B0 631
MWDJARSH 100 390 | 200 { 0dlo{ oql kil 1.7 0.67 .00 1 90 6.14
MWDIARSG 10¢ 390 | 203 | o0 | aom il 1.7 1.10 [ 100 5.93
MWDIARSG 100 3.90 180 | oo [ a0 77 1.7 0.0 8.0 110 5.0
MW DJARS 100 309 | 347 § o097 | 013 sl 0.85 .30 7.80 u 136
MWDJARS L 100 309 | 294 | 0097 | worT sl 085 0.33 7.80 10 7.58
MWDIARS1 [ 309 | 328 | 0097 | 0um2 1] 0.85 0.36 7.80 20 7.3%
MWDJARS| 100 3 | 297 | 007 | 0u6s ) 0.85 [ 7.80 E) 7.14
MWDIARS| 100 309 | 242 | 0097 | nwss ] 0.35 0.29 780 ) 1.06
MWDIARS| 100 309 | 233 | 0097 { a9 1] 0.85 045 .80 50 7.00
MWDJARS| 100 309 | 255 | 0097 [ ows) [1] 035 030 780 1 60 697
MWDIJARS| 10 309 | 232 | 0097 [ D.aad [ 0.5 0.36 750 1 k) 617
MWDJARS | 100 309 1 231 | 0097 [ oo [l 0.35 031 130 30 6.66
MWDJARS| 100 1.09 233 | 0497 1.039 8] 0.85 0,38 T30 % 657
MWDJARS | 100 309 { 208 | 0097 [ 0036 1] 0.35 033 1.30 100 6.43
|_MWDIARS| 100 3.09 1.94 | 0097 0.040 8] 0.85 0.61 1.80 1 110 635
MWDJARSI 100 3.09 174 | o097 | 003% 1] 0.85 .35 750 1 120 633
MWDJARS1 100 309 | 191 | oug7 | 0ms 31 [F] 0.30 780 1 130 625
MWDJARS2 100 L7 | 294 0.0%0 .78 o.11 1.1 1 [ 791
MWDJARS1 100 27 | 13 0061 0.78 040 i 10 7.m
MWDJARS2 100 2| 240 0051 (.78 0.36 .2 20 .33
MWDJARS2 ) 278 | am 048 0.78 0.3t k&7 X .14
MWDIARS2 100 2.7 1.95 {104 .78 0.31 m 40 21
MWDIARSY 10¢ 78 128 40M 0.7% 0.32 n S 692
MWDJARS2 100 .78 1.75 003 0.78 0.37 1.1 1 7] 6.88
MWDIARS2 100 .78 1.64 002K .78 .47 1.2 1 k) 6.84
MWDJARS2 100 2.7% 1.52 0.026 0.78 0.64 X 1 [ 6.71
MWDfARS2 100 2.78 149 028 .78 0.50 1.7 1 90 6.63
MWDJARS2 100 278 1.47 a.28 0.7% .54 n 1 100 6.58
MWDJARS2 100 278 1.43 .024 0.78 11.50 Ln 1 110 645
MWDIARS2 100 .78 1.36 (23 0.78 0.52 mm 1 120 6.34
MWDJARS2 ivi) .78 1.29 (.023 0.78 .65 .2 1 130 625
MWDJARS2 100 2.7% 1.34 024 0.78 LIXH [A) 1 140 6.07
MWDIARS3 100 235 240 | 0065 [0 73 110 .38 7.9% 1 ] 158
MWDJARSY 100 225 | 224 | 0.065 [ 79 L1n 048 7.98 1 10 7.58
MWDIARS3 100 228 198 | 0065 10318 k) LIo 0.4 798 20 733
MWDJARS3 100 235 | 206 | 0.06% U028 7 L1o ©.38 798 30 213
MWDJARS3 100 225 152 | 0065 0.017 1 (K1) .42 7.98 a0 7.07
MWDJARS3S 100 228 175 | 0068 0.ut6 79 LI 046 798 1 50 6.97
MWDJARS3 100 225 145 | 0.065 0.013 79 10 .59 .98 1 [ 6.69
MWDJARSI 100 138 138 | 0065 [ 79 110 .74 7.98 1 E 6.6
MWDIARS3 100 338 129 | 0.068 X 79 [ .69 7198 1 % 6.54
MWDJIARS3 100 225 14} | vo6s 04NI7 il 1.10 [ 791 1 n 6.46
MWDJARS3 100 225 121 | 0065 [ E2] 110 [0 7.9% 1 100 6.33
MWDIARSY HK) 2.25 1.19 | 0065 MK 79 1.10 [ .98 1 [IT) 629
MWDIARS4 [T 292 | 321 | 0087 1201 f7] 0.52 .55 7.87 1 1 7.90
MWDIARS4 100 292 | 29t | ous? [ ware n 0.52 0.0 .57 10 764
MWDJIARS4 100 292 | 231 | 0087 | n081 2 082 .59 287 20 7.54
MWDIARS4 X 2.9 1.55 | G087 1443 k) 1.52 .52 787 M 7.35
MWDJARS4 1o 292 | 205 | G087 0.039 2] 0.52 047 187 1 4 7.18
MWDJARS4 100 2.92 191 | w087 D037 k7] 1.52 1145 7.87 1 % 711
MWDJARS4 100 292 163 1 0087 | 030 n .52 .52 .87 1 80 687
MWDIARSS 100 292 149 | 0.087 1.025 k2] 052 .49 7157 1 ™ 6.8
MWDIARSA 100 292 155 | oos? | oo k7] 1.52 .45 7.87 1 [ 6.72
MWDJARS4 100 2.92 142 | 00g? 0018 73 0.52 .57 137 1 L] 635
MWDJIARS4 100 2.92 144 | 0087 04115 k2] 11.52 .64 757 1 I 6.49
MWNJARSS 10 292 138 | 008y 1014 7 11.52 11 56 7%7 1 [ 637
Page 9 of 10
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. conv-8-S
I [ Study D Water ToC Uv-254 A Y Turbidity PH T Ton Conditions
-~ R CRW [ % SPW | gl {i/fem) | (mpi as CacO3} | __ (NTU) ] Dose | Acid fase | Coup.
3 Raw | Filt | Raw | Fitt Raw | Fit | Raw | Fit | Raw [FilL D djusted? | adjusted? | pH
. {s00 above) ) ) i
blank=N blank=N
MWDJARS4 100 2.92 1.3 0,087 0.014 k) 0.52 0.62 137 120 6.12
[ MwDIARS4 100 392 | 127 | eow7 | _oois 2 051 | o | 187 130 st
MWDIARSA 192 | 132 | 0oa7 | 001k 7] 051 | oa1 | 1% 140 593
[ MWDIARS 06 93 | 135 | 0087 | 0014 2 05 | 0: | I8 150 569
MWDIARSS 00 153 | 12 | o037 | oaal n 031 | i3 | % 160 531
MWDIARSS 100 263 | 265 | 00 | oom 2 07 | 035 | % 0 777
» MWDIARSS 0 268 | 243 | 0086 | 0061 5] o7 | o4z | % 10 752
MWDIARSS o0 263 | 224 | o086 | o051 &2 o712 | oM | Im 2 735
MWDIARSS 00 268 | 200 | 008 | 0040 2 on | o | im 30 713
MWDIARSS 3 263 | 176 | 00% | 00% 2 on | 029 | Im © 72
MWDIARSS 00 361 | 1.7 | 0086 | oosz &2 07| ok | im 0 720
MWDIARSS 0 251 | 158 | 0086 | 0030 & o: | on | Im [ 708
MWDJARS. 100 38| 140 | 0086 | 0m9 & o1 | oM | im x &5
WDJARS 100 268 | 145 | 00t | oozt 2 o7 | 03 | 1% 0 3]
MWDIARS, 100 361 | 140 | 0086 | o ) 0 03 | _2m % 567
MWIIARS! 100 368 | 134 | 0086 | 002 A 0 025 | 0 100 550
MWDJARS [ 268 | 147 | 0086 | 0024 & 07| oM | 7m 1o 545
| MWDJARSS % 268 | 131 | obss | 0oM [ 072 | oM | 1x 12 20
[ MWDIARSS % 268 | 134 | 0086 | om21 a o | o | & i 130 .55
MWDIARSS 263 | 133 | oos | oo & 0z | 0% | 1% %0 5]
MWDIARSS 100 263 | 130 | 0686 | oo 2 0z | o | 1R 150 552
MWDIARSS 105 268 | i3 | ooss | ool & i | e | im 160 530

1

—
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conv-F-S

[ttty 1D:

MWD (ACWD, CCWD, EBMUD, MWD, SCVWD)
11
1. Study iD: EC Study Data (Optimization Study 9/95, etc.)
| | | |
2. Source water: SPW/CRW (River, lake, groundwater, eul:.)
I { |
3. Source water ID: (State Project water, blend cfl...., etc)
J5. Describe level of study: Bench-scale In this data sheet, "FilL." refers to datal collected
(indicate with an °X’) Pilot-scale after gulation, fi lation, jon, and
X jFull-scale filtration.
16. Indicate with an X' if data reported as "Fiit.” are from samples collected after sedimentation only:
| or after sedimentation and filtration:
WATER QUALITY DATA: CONVENTIONAL
f !
Study ID Water TOC Uv-254 Alkalinity Turb dity pH Temperature
SPW CRW (mg/L) (t/cm) {mg/L as CaCO3) {NTU) {) {deg. C) Fi
Raw | Filt. | Raw Filt. Raw Filt. Raw Filt. Raw | Filt. | Raw | Filt. |dicate disinfi Chlorine
used with an 'X’ dose
. chlorine| hioramin [(mg C12/L
MWDODP] X 2.45 1.88 0.073 0.026 74 2.10 8.90 11.2 0.5 mg/L C12 thru floc basin; 1.7 mg/
MWDODP] X 241 1,86 0.069 0.020 74 2.10 8.20 10.3 °10.5 mg/L CI2 thru floc basin; 1.7 mg/
MWDODPI1 X 233 1.71 0.068 0.026 74 2.30 8.10 10.1 0.5 mg/L C12 thru floc basin; 1.7 mg/
MWDODPI X 2.28 1.70 0.064 0.024 74 2.00 8.00 10.9 0.5 mg/L Cl2 thru floc basin; 1.7 mg/
MWDODPL X 248 1.80 0073 0.026 74 1.80 8.50 10.8 0.5 mg/L Ci2 thru floc basin; 1.7 mg/
MWDODP2 X 226 1.35 0.070 0.027 78 0.93 2.95 115 1.0mg/L CI2, 1 hr @ 250C
MWDODP2 X 231 1.43 0.068 0.028 78 1.60 796 10.8 1.0mg/L Cl2, 1 hr @ 250C
MWDODP2 X 234 1.59 0.065 0.030 78 1.50 £.03 11.0 1.0me/L CI2, 1 hr @ 250C
MWDODP2 X 221 1.42 0.069 0.028 78 1.20 792 11.2 1.0mg/L Ci2, 1 hr @150(:
MWDODP3 X 247 2.31 0.036 0.036 131 0.98 8.30 12.0 1.0 mg/L C12, ) hr @ 250C
MWDODP3 X 2.51 2.08 0.036 0.027 131 0.80 8.41 12.0 1.0mg/L CI2, 1 hr @ 250C
MWDQDP3 X 2,31 1.90 0.033 0.024 131 0.88 8.34 11.5 1.0 mg/L CI2, 1 he @ 250C
MWDQDP4 X 2.05 1.10 0.033 0.014 13 0.76 8.33 12.0 1.0 mg/L C12, 1 hr @ 250C
MWDODP5 X 227 2.24 0.076 0.071 81 1.40 8.60 11,7 1.0 mg/L Ci2, 1 hr QZSOC
MWDQDP5 X 242 1.98 0.078 0.070 81 1.30 8.63 11.7 1.0 mg/L C12, 1 hr @ 250C
MWDODPS X 2.78 1.95 0.087 0.044 70 1.90 7.97 9.3 1.0mg/L C12, 1 hr @ 250C
MWDODPS X 2.43 1.82 0.074 0.044 81 1.40 8.69 117 L0 mg/L CI2, 1 hr @ 250C
MWDQODPS X 27 1.81 0.079 0.036 75 1.48 8.46 10.9 1.0mg/L CI2, | hr @ 250C
MWDODPS X 2.64 1.65 0.074 0.028 5 1.20 8.41 11.2 1.0mg/L CI2, 1 hr @ 250C
MWDODPS X 2.76 1.63 0.083 0.023 70 1.80 781 9.1 1.0mg/LCI2, | hr @ 250C
MWDODPS X 2.28 1.59 0.068 0.039 81 1.60 8.70 11.8 1.0mg/L C12, 1 hr @}5°C
MWDODPS X 2.62 1.62 0.077 0.027 75 1.30 8.53 1.1 1.0mg/L C12, L he @ 250C
MWDODPS X 2.65 1.88 0.072 0.030 76 2.10 8.44 11.0 1.0 mg/L CI2, residual, | br @ 250C
MWDODPS X 2.62 1.68 0.080 0.024 76 2.00 837 10.9 1.0 mg/L C12, residual, { hr @ 250C
MWDQDP§ X 2.67 1.51 0.078 0.018 70 ° 2.10 £.01 9.2 1.0 mg/L. C12, residual, 1 hr (@ 250C
MWDODP6 X 2.70 1.25 0.066 0.012 76 1.90 $.37 11.0 1.0 mp/L CI2, residual, 1 hr QZ-‘)OC
MWDODP6 X 2.62 138 0.074 0.019 75 1.20 8.46 1.1 1.0 mg/L CI2, residual, 1 hr @ 250C
MWDODPé X 2.76 1.24 0.076 0.014 70 220 197 9.2 1.0 mg/L CI2, residual, lﬂlsoc
MWDODP6 X 2.67 1.19 0.080 0.022 76 1.80 8.31 10.9 1.0 mg/L C12, residual, 1 hr @ 250C
MWDOP1 92-89% 2.94 2.7 0.084 0.064 76 0.55 7.90 11.7 1.0 me/l Ci2, 1 hr wc
MWDOPI 92-99% 2.77 2.55 0.086 0.082 0.50 7.83 12.1 1.0mg/L CI2, 1 hr QZScC
MWDOPI 92-89% 2.79 237 0.088 0.062 7 2.20 8.05 9.2 1.0 mg/. C12, 1 hr @ 250C
MWDOPL 92-99% 2.59 2.17 0.083 0.060 1.50 7.96 10.2 1.0 mg/L Ci2, 1 hr @ 250C
MWDOPI 92-95% 2.84 1.46 0.084 0.022 71 1.60 B.27 10.6 1.0 mg/L C12, 1 hr @ 250C
MWDOP! 92-99% 2.60 1.42 0.083 0.027 72 1.50 8.14 113 1.0mg/L CI2, 1 hr @ESoC
MWDOPI 92-99% 274 1.53 0.078 0.022 1.80 8.55 12.6 1.0mg/L Ci2, L hr @ 250C
MWDQPI 92-99% 3.30 2.02 0.091 0.036 3.10 . 9.22 14.9 1.0 mg/L Cl12, lh‘r@gioC
MWDOP!{ 92-89% 3.20 1.99 0.099 0.035 75 2.10 8.60 13.5 1.0mg/L CI2, | hr @ 250C
MWDOP1 92-99% 343 2.03 0.103 0.039 77 1.75 8.51 143 1.0mg/L C12, | hr @ 250C
MWDOP1 92-99% 2.78 1.58 0.072 0.029 73 0.72 7.83 113 1.0 mg/L Ci2, 1 hr @ 250C
MWDOP2 92-100% 3.46 3.0t 0.108 0.099 a0 1.60 8.36 174 1.0 mg/L CI2, 1 br @ 250C
MWDOP2 92-100% 3.37 299 0.088 0.063 2.00 8.14 17.5 1.0 mg/L C12, 1 hr @ 250C
MWDOP3 92-100% 3.26 1.93 0.111 0.036 1.55 8.34 16.6 1.0 mg/L C12, 1 hr @350C
MWDOP3 92-100% 3.49 2.07 0.120 0.043 78 1.60 8.24 16.1 1.0mg/L C12, 1 hr @s.:c
MWDOP3 §2-100% 3.53 2.07 Q.111 0.040 79 1.80 B.18 16.6 1.0 mg/L CI2, ll@ 250C
MWDOP3 | 92-100% 3.67 212 | ots 0.040 1.60 8.24 16.2 1.0 mg/L C12, | hr @ 250C
MWDOP3 92-100% 3.05 1.85 0.100 0.036 2.10 7.99 21.1 1.0 mg/L CI2, 1 hr @ 250C
MWDOP3I 92-100% 3.29 181 0.104 0.043 80 270 8.03 18.9 1.0 mg/L CI2, | hr @ 250C
MWDOP3 92-100% 3.20 1.85 0.102 0.033 2.90 8.09 18.8 1.0 mg/L C12, | hr @ 250C
MWDOP3 92-100% 3.17 1.85 0.103 0.032 8] 1,70 8.1t 173 1.0mg/L CI2, | hr @ 250C
MWDOP4 X 3.54 3.60 0.106 0.097 85 1.49 7385 21.7 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 3.80 0.106 0.100 85 149 7.85 217 1 mp/L resid, | br, 25 oC
MWDOP4 X 3.54 3.50 | 0.106 0.091 85 1.49 7.85 21.7 1 mg/L resid. 1 hr, 25 oC
MWDOP4 X 3.54 2.86 0.106 0.067 85 149 1.BS 21.7 1 mg/L resid, | hr, 25 oC
MWDOP4 X 3.54 3.01 0.106 0.073 85 1.49 7.85 21.7 1 mg/L resid. 1 hr, 25 oC
MWDOP4 | X 3.54 3.01 0.106 0.082 85 1.49 785 21.7 | mg/L resid. | hr. 25 oC
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conv-F-S
Study 10 Water TOC UV-254 Alkalinity Turbidity pH Temperature | |
‘\) SPW | CRW {mgi.) (1/cm) (mg/L as CaCO3) (NTU) 0 1 tdeg.C) Fi
; Raw | Filt. | Raw Fitt. Raw Filt. Raw Fit | Raw | Filt | Raw [ Filt |dicats disinfectant] Chiorine
' used with an °X’ dose
chlorine{ hloramin [(mg Ci2/L
MWDOP4 X 1.54 3.07 0.106 0.077 35 1.49 2.85 21.7 1 mg/L resid, 1 he, 25 oC
MWDOP4 X 3.54 3.02 0.106 0.069 85 1.49 7.85 21.7 1 mg/L resid, 1 he, 25 oC
MWDOP4 X 3.54 2.55 0.106 0.055 35 1.49 7.85 21.7 1 mg/L resid, 1 hr, 25 0oC
MWDOP4 X 3.54 2.50 0.106 0.052 35 1.49 7.85 21.7 1 mg/L vesid, 1 hr, 250C
MWDOP4 X 3.54 2.37 0.106 0.051 85 149 7.85 21.7 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 223 0.106 0.045 85 1.49 7.85 217 1 mp/L resid, 1 br, 25 oC
MWDOP4 X 3.54 2.74 0.106 0.059 85 1.49 2.85 21.7 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 154 2.82 0.106 0.060 85 1.49 2.85 21.7 1 mg/L resid, I hr, 25 oC
MWDOP4 X 3.54 2.31 0.106 0.048 85 1.49 7.85 21.7 1 mg/L resid, ! hr, 25 oC
’ MWDOP4 X 1.54 2.51 0.106 0.048 85 1.49 7.85 217 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 2.12 0.106 0.042 85 1.49 7.85 21.7 I mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 2.14 0.106 0.037 35 1.49 785 21.7 . |1 mg/Lresid, 1 hr, 25 oC
MWDOP4 X 3.54 2.88 0.106 0.059 85 1.49 7.85 21.7 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 257 0.106 0.052 85 .49 7.85 21.7 1 mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 2.20 0.106 0.046 85 1.49 2.35 21.7 1 mg/L resid, | hr, 25 oC
MWDOP4 X 3.54 205 0.106 0.037 &5 1.49 7.35 2L.7 1 mg/L resid, I hr, 25 oC
MWDOP4 X 31.54 201 0.106 0.041 25 149 7.85 21.7 1 mg/L resid, | he, 25 oC
MWDOP4 X 3.54 1.92 0.106 0.046 35 1.49 7.85 217 I mg/L resid, 1 hr, 25 oC
MWDOP4 X 3.54 1.78 0.106 0.033 25 1.49 7.85 21.7 -~ {1 mg/Lresid, 1 hr, 250C
. MWDOPS X 2.44 2.12 0.039 0,031 131.5 0.65 7.7 24.6 1 mg/L resid, 1 hr, 25 °C
MWDOPS X 244 2.16 0.039 0.028 1315 0.65 .7 24.6 1 mg/L resid, 1 hr, 25°C
MWDOPS X 244 1.97 0.039 0.024 131.3 0.65 7.7 24.6 1 mg/l resid, 1 br, 25 °C
MWDOPS X 2.44 1.85 0.039 0.021 131.5 0.65 17 24.6 1 mp/ resid, 1 he, 25°C
MWDOPS X 2.44 1.80 0.039 0.023 131.5 0.65 7.7 24.6 1 mp/L resid, 1 hr, 25 °C
MWDOPS X 244 1.81 0.039 0.020 1315 0.65 Al 24,6 I mg/L resid, 1 hr, 25°C
MWDOP5 X "] 244 1.99 0.039 0.024 131.5 0.65 27 24.6 1 mg/L resid, [ hr, 25 °C
. MWDQPS X 2.44 1.73 0.035 0.020 131.5 0.65 7.7 24.6 I mg/L resid, 1 hr, 25 °C
. Page 2of 4 STKN-042
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conv-F-S
[Utitity 10:
l 1. Study ID:
2. Source wat
3. Source wat
Indicate coagulants studied:
5. Describe le IDj oaguta | Chemical formula Units
(indicate with ’ 1 Alum Al{S0O,),*14 H,0 mg/l
2{ Ferric FeCly*6 H,O mgi
3
l 6. Indicate wit 4
Polymer added: 2,3, 0.5mg/L
WATER QU TREATMENT CONDITIONS
I |
Study ID Disinfection By-products Coagulation Conditions
ered TTHM HAAS Coagulant | Dose Acid Base Coag. | Coag.
i{ bubation t| Residual {ugl/L) {ug/L}) ID adjusted?jadjusted?| pH temp.
dose {h) Raw | Filt. | Raw | Filt. {see above) (YN} {Y/N) {) {deg. C)
g NH3-N| chlorine |{mg Ci2/L)
MWDODP1 | CI2 thru filters 40.6 1 40 7.00
MWDQODP1 | CI2 thru filters 1 40 7.00
MWDODP1 | CI2 thru filters 33.1 30.1 1 40 7.00
MWDQODP! | CI2 thru filters 1 40 7.00
MWDODPI | CI2 thru filters 372 31.7 1 40 6.90
l MWDODP2 30.7 124 1 30 Y ~ 640
MWDODP2 329 12.0 1 35 Y 6.46
MWDODP2 358 14.4 | 40 Y 7.03
MWDODP2 29.9 122 1 40 Y 6.56
MWDODP3 25.0 124 2 5 7.91
MWDODP3 : 24.8 1.0 2 10 7.97
MWDODP3 20.5 10,6 2 25 7.14
MWDQDP4 14,0 7.7 2 25 Y 5.59
MWDODPS 45.5 19.3 2 5 7.90
MWDODP5 40.9 15.4 2 10 7.54
MWDODPS 354 16.1 2 15 7.13
: MWDODPS 33.9 140 2 20 7.23
; MWDODPS 31.7 19.3 2 20 7.20
MWDODPS 29.4 20.2 2 25 6.97
MWDODPS 284 15.6 2 25 6.95
MWDODPS 3.3 14.6 2 30 7.18
MWDODPS 26.1 153 2 30 6.86
MWDODP6 33.2 17.8 2 10 Y 6.98
MWDODP6 28.4 122 2 (] Y- 6.24
MWDODP6 27.7 12.7 2 15 Y 6.25
MWDODP§ 21.2 8.9 2 20 Y 6.25
MWDODP6 24.1 15.6 2 20 Y 6.15
MWDODP6 22.3 11.8 2 25 Y 6.15
MWDODP6 203 9.0 2 30 Y 6.22
MWDOPL 50.8 25.9 2 3 7.60
MWDOP! 49.8 29.2 2 3 7.53
MWDOP! 2 S 7.56
MWDOPL 48.6 228 2 5 7.53
MWDOP1 283 16.2 2 30 6.86
MWDOPI 282 14.5 2 30 6.80
MWDOP! 320 16.1 2 30 6.77
MWDOPL 378 16.9 2 30 7.09
MWDOPI 36.1 17.1 2 30 6.94
MWDOP! 36.0 17.8 2 30 6.92
MWDOPI 314 143 2, 30 6.88
MWDOP2 68.2 303 1 12 7.71
MWDOP2 66.5 29.5 1 12 7.65
MWDOP3 43.0 16.9 1 40 Y 6.41
MWDOP3 38.3 17.9 1 40 Y 6.41
' MWDOP3 414 17.0 1 40 Y 637
MWDQP3 38.0 17.1 1 40 Y 6.33
MWDQP3 41.6 16.5 1 40 Y 6.43
MWDOP3 39.4 . 16.4 1 40 Y 6.34
MWDOP3 39.9 182 1 40 Y 6.33
MWDOP3 36.7 164 1 40 Y 6.31
MWDOP4 77.9 34.0 1 10 Y 7.82
MWDOP4 75.7 33.7 [l 10 Y 7.7
MWDOP4 711 31.6 1 10 Y 7.00
MWDOP4 59.6 25.1 1 10 Y 6.23
. MWDOP4 67.7 26.7 1 10 Y 5.41
MWDOP4 70.8 <325 | 20 Y 7.65
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conv-F-S
Study D | Disinfection By-products Coagulation Conditions
erad TTHM HAAS Coagulant | Dose Acid Base Coag. | Coag.
mmoni| bubation t| Residual {pg/L) {ugiLl) ID adjusted?|adjusted?] pH temp.
doss {h) Raw | Filt. | Raw | Filt. {see above) {YIN) (Y/N) 1] {deg. C)
g NH3-N{ chlorine |(mg CI2/L)
MWDOP4 67.4 294 M 20 Y 717
MWDOP4 62.7 <28.9 i 20 Y kAN
MWDOP4 349 <223 1 20 Y 6.34
MWDOP4 49.9 21.0 1 20 Y 6.40
MWDOP4 33.1 209 i 20 Y 5.52
MWDOP4 52.2 224 1 20 Y 5.71
MWDOP4 62.] 23.8 1 30 Y 7.26
MWDOP4 63.5 <24.7 1 30 Y 7.05
MWDOP4 53.0 <211 1 30 Y 6.26
MWDOP4 538 <20.3 1 30 Y 6.50
MWDOP4 48.1 <17.3 1 30 Y 6.23
MWDOP4 46.7 <215 1 30 Y 543
MWDOP4 56.4 24.9 1 40 Y 6.97
MWDOP4 57.1 253 1 40 Y 724
MWDOP4 524 <215 1 40 Y 6.30
MWDOP4 43.9 <18.7 1 40 Y 6.19
MWDOP4 45.9 <18.0 ] 40 Y 5.65
MWDOP4 46.1 <186 1 40 Y 5.74 _
MWDOP4 43.6 <158 1 40 Y 542
MWDOPS 222 1.7 1 10 Y 5.88
MWDOPS * 22.0 14.7 1 20 Y 7.58
MWDOP5 18.7 111 1 20 Y 6.89
MWDOPS 16.6 9.5 1 20 Y 6.50
MWDOPS 174 9.2 - 1 20 Y 5.75
MWDOPS 17.5 <10.6 1 20 Y 5.31
MWDOPS 18.7 9.8 1 40 Y 6.90
MWDOPS 16.3 9.2 1 © 40 Y 5.53
Page4 of 4
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