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M-DBP SIMULTANEOUS COMPLIANCE GUIDANCE MANUAL 1 INTRODUCTION

1 Introduction

The Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) and the Stage
2 Disinfectants and Disinfection Byproducts Rule (DBPR) were developed and promulgated
together to address risk trade-offs between two different types of contaminants: microbial
pathogens and disinfection byproducts. EPA recognizes that systems may encounter compliance
issues with the Stage 2 DBPR when making changes to comply with the LT2ESWTR, and vice
versa. In addition to the challenges of complying with the suite of microbial/disinfection
byproduct (M-DBP) rules simultaneously, a water system must also ensure that changes in
treatment do not adversely affect compliance with other drinking water regulations.

This chapter answers the questions:

11
1.2
13

14
1.5
1.6
1.7

1.8

What is the purpose of this guidance manual?

What is “simultaneous compliance™?

Does this manual address compliance with environmental regulations other than
Safe Drinking Water Act regulations?

Who should use this guidance manual? How should it be used?

How is this manual organized?

Can I rely on this guidance manual alone to make compliance decisions?

Are there quick references | can use to screen for potential simultaneous
compliance problems?

What additional resources are available?

1.1  What s the purpose of this guidance manual?

The purpose of this guidance manual is to .
help water systems and their regulators identify This manual addresses
and mitigate potential simultaneous compliance simultaneous compliance issues
issues that may arise when systems make changes that may arise as systems make
to comply with the LT2ESWTR and/or the Stage 2 | treatment changes to comply
DBPR. The manual also lists possible ways that with the LT2ZESWTR and/or the
simultaneous compliance issues could be Stage 2 DBPR.

addressed. In addition, tools are recommended and

described to help determine if potential issues may
affect a given system
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M-DBP SIMULTANEOUS COMPLIANCE GUIDANCE MANUAL 1 INTRODUCTION

Another key purpose of this manual is to provide a clearinghouse of information,
directing the reader to helpful resources. It would not be practical for one document to contain
comprehensive technical and operational information for all of the Stage 2 DBPR and
LT2ESWTR compliance treatment technologies. Instead, EPA has designed this manual to raise
potential simultaneous compliance issues, and directs readers to other references for more in-
depth information.

1.2 What s “Simultaneous Compliance”?

For the purposes of this guidance manual, simultaneous compliance means compliance
with all existing Safe Drinking Water Act (SDWA) regulations, as summarized in Exhibit 1.1.
Two-page fact sheets for many of the regulations are included in Appendix A. While systems
may be concerned with issues pertaining to emerging contaminants, this guidance manual is not
designed to address these concerns and does not discuss these issues.

1.3 Does this manual address compliance with environmental regulations other than
SDWA regulations?

In addition to regulatory issues, systems should always weigh operational issues and
compliance with other environmental regulations when considering a treatment change. While
this document provides some discussion of non-SDWA regulations and other compliance
challenges (e.g. discharge permits, sludge disposal), readers should seek additional guidance and
other technical references for addressing these compliance issues.

1.4 Who should use this guidance manual and how should it be used?

This manual should be used by systems
that already know they need to make a change to This manual is for systems that
comply with the requirements of the LT2ESTWR | already know they need to make
and/or the Stage 2 DBPR. It is intended to serve a change in operations or

as a tool for systems and their regulators as treatment. It can also help
systems select a treatment alternative or regulators evaluate proposed
operational change. Example 1.1 shows how changes.

managers of a hypothetical system could use this
manual as they decide on treatment changes to
comply with the LT2ESWTR. Example 1.2 shows how a regulator working with the same
hypothetical system could also use this guidance manual as a technical resource.
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Exhibit 1.1 Existing SDWA Regulations as of March, 2006

Rule Date of Contaminant of | Rule Summary Information
Promulgation Concern Available from EPA

Long Term 2 Enhanced Surface | December 2005 Microbial Fact Sheet, included in

Water Treatment Rule Pathogens Appendix A

(LT2ESWTR)

Stage 2 Disinfectants and December 2005 Disinfectants Fact Sheet, included in

Disinfection Byproducts Rule and Disinfection Appendix A

(Stage 2 DBPR) Byproducts

Arsenic and Clarifications to January 2001 Arsenic Quick Reference Guide,

Compliance and New Source included in Appendix A

Monitoring Rule

Lead and Copper Rule (LCR) June 1991 Lead and Quick Reference Guide,

Copper Included in Appendix A

LCR Clarification of March 2004 Lead and Fact Sheet, included in

Requirements for Collecting Copper Appendix A

Samples and Calculating

Compliance

Total Coliform Rule (TCR) June 1989 Microbial Quick Reference Guide,
Pathogens included in Appendix A

Stage 1 Disinfectants and December 1998 | Disinfectants Quick Reference Guide,

Disinfection Byproducts Rule and Disinfection included in Appendix A

(Stage 1 D/DBPR) Byproducts

Interim Enhanced Surface December 1998 Microbial Quick Reference Guide,

Water Treatment Rule Pathogens included in Appendix A

(IESWTR)

Long Term 1 Enhanced Surface | January 2002 Microbial Quick Reference Guide,

Water Treatment Rule Pathogens included in Appendix A

(LTIESWTR)

Filter Backwash Recycling Rule June 2001 Filter Backwash Quick Reference Guide,

(FBRR) (Microbial included in Appendix A
Pathogens)

Surface Water Treatment Rule June 1989 Microbial Summary information on the

(SWTR) Pathogens web at

http://www.epa.gov/safewate

r/therule.html#Surface
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Example 1.1 How this Manual can Help Water System Personnel Better
Understand Their Choices

System A is a community water system serving filtered surface water to 11,000 people. Based on
past source water Cryptosporidium monitoring, System A will likely be placed in the second
LT2ESWTR bin and therefore will need an additional 1.0 log Cryptosporidium removal or
inactivation. The system hired an engineer to conduct a feasibility study. The engineer
recommended three possible compliance options:

e bank filtration
e bag filters
e 0zONe

Before recommending any of them to their water board, System A wanted more information on
each technique. In addition to worrying about costs and operational challenges, the staff is
concerned that making a change to comply with LT2ESWTR might put them out of compliance
with another drinking water regulation.

System A picks up this Simultaneous Compliance Guidance Manual and

o Refers to Chapter 2 for summaries of the issues that pertain to these three treatment
alternatives.

e Reads Section 4.4 Other Microbial Technologies in Chapter 4 for information on
simultaneous compliance issues associated with bank filtration and bag filters.

e Reads Section 5.2 Ozonation in Chapter 5 for information on simultaneous compliance
issues associated with ozone.

e Gets additional references about bank filtration, bag filters, and ozone from Chapter 7.

e Reviews Section 5.5 Primary and Residual Disinfectant Use in Chapter 5 to see what
issues might arise using the combination of ozone as primary disinfectant and free
chlorine as residual disinfectant.

e Based on their reading, System A want to know more about whether they might have
distribution system biofilm problems from switching to ozone. They refer to Appendix C
Guidelines for Evaluating Potential Impacts of Treatment Changes on Distribution
Systems and read the section on adding ozone and the section on installing ozone without
subsequent biological filtration.

e System A decides it would be beneficial to know how each of the treatment alternatives
could be evaluated more before installation. They read through Section 6.3 Tools for
Gathering Information and identify tools that may be helpful for evaluating the three
alternatives.

While they still have many questions for their engineer and have not yet chosen a treatment
technique, System A’s managers feel more prepared to discuss the pros and cons of each
alternative. They have identified questions they would like answered before they take the next
step.
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Example 1.2 How This Manual Can Help Regulators Understand Potential
Simultaneous Compliance Issues

The state has just received notification of System A’s intent to install ozone treatment to
comply with the LT2ESWTR. The state’s engineers are concerned that this change could
potentially make it difficult for System A to comply with other regulations. They’re
particularly concerned with bacteriological regrowth in the distribution system.

They pick up this Simultaneous Compliance Guidance Manual and

e Read Section 5.2 Ozonation in Chapter 5 for information on simultaneous
compliance issues associated with ozone.

o Refer to Appendix C Guidelines for Evaluating Potential Impacts of Treatment
Changes on Distribution Systems and read the section on adding ozone and the
section on installing ozone without subsequent biological filtration.

e Read Case Study #10: Ozonation for an example of how one water system used
ozone to control microbial regrowth potential in the distribution system.

The regulators have many questions for System A, but are prepared to discuss the proposed
treatment technique with them.
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1.5  How is this manual organized?

Exhibits 1.2 and 1.3 summarize the contents of each chapter and appendix in this
guidance manual.

Chapter 2 provides tables that summarize the potential benefits and conflicts of
LT2ESWTR and Stage 2 DBPR compliance technologies, operational issues that should be
considered, and tools that systems can use to consider a treatment technology’s potential for
causing simultaneous compliance problems.

Chapters 3 through 5 of the manual are organized by treatment technique. This enables
the reader to refer to a particular section for a comprehensive discussion of simultaneous
compliance issues related to that treatment technique. For example, if the reader is considering
installing chloramines to achieve compliance with the Stage 2 DBPR, the reader should refer to
Section 5.1 for a discussion of pertinent simultaneous compliance issues that relate to using
chloramines. Within these chapters, each section on a treatment technique is organized as
follows:

e A summary of Advantages of the treatment technique

e Potential Operational and Simultaneous Compliance Issues, including
recommendations for addressing each issue

e Recommendations for Gathering More Information, including suggestions for
additional monitoring, tools that are available for collecting additional system
information, and a short description of related case studies.

Chapter 6 identifies issues that should be considered before a change in treatment or
operations is made. It also describes tools available to help systems collect information that is
applicable and helpful for making their compliance decisions.

Chapter 7 provides a complete reference list, grouped by subject and also listed
alphabetically. Most of the subject headings in Chapter 7 correspond to specific treatment
technologies. Exceptions include technical references for DBP formation, technical references
for corrosion, and general water treatment references.
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Exhibit 1.2 Organization of the Simultaneous Compliance Guidance Manual —

Chapters

Ch#.

is titled...

and has information on...

Quick Reference Materials for
Simultaneous Compliance

o A checklist to help systems quickly identify simultaneous
compliance issues

e Tables summarizing compliance, operational, and water quality
issues for each compliance technology

e Tables summarizing tools and pertinent case studies

Improving and Optimizing
Current Operations

+ Source Management

+ Distribution System Best Management Practices

+ Moving Point of Chlorination

+ Decreasing pH

+ Reducing Chlorine Dose Under Warm Water Conditions
+ Modifying Presedimentation Basin Operations

+ Enhanced Coagulation

+ Enhanced Softening

Installing New Total Organic
Carbon or Microbial Removal
Technologies

Granular Activated Carbon
Microfiltration/Ultrafiltration
Nanofiltration

Other Microbial Removal Technologies

Alternative Disinfection
Strategies

Chloramines

Ozone

Ultraviolet Light

Chlorine Dioxide

e Primary and Secondary (residual) Disinfectant Use

Making M/DBP Compliance
Decisions

Tools available for:

o Water Quality Monitoring

e Hydraulic and Water Quality Modeling for Distribution
Systems

Desktop Evaluations

Bench-Scale Testing

Pilot Testing

Full-Scale Applications

Cost Estimation

Community Preferences

References

Technical references grouped by subject and also listed
alphabetically
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Exhibit 1.3 Organization of the Simultaneous Compliance Guidance Manual —

Appendices
Appendix... | is titled... and has information on...
A Summary of Pertinent Summaries of major EPA drinking water regulations in the
Drinking Water form of 2-page fact sheets.
Regulations
B Case Studies Case studies illustrating simultaneous compliance challenges
that water systems have encountered when implementing
treatment techniques to help comply with one or more of the
M/DBP rules.
C Guidelines for Evaluating | Summary of issues that may arise in the distribution system
Potential Impacts of as a result of changes made during treatment.
Treatment Changes on
Distribution Systems
D Tools for Evaluating Tools that can be used to test impacts of a water quality
Impacts of Treatment change on corrosion, which can result in violations of the
Changes on Lead and LCR. References for further information are also included.
Copper Rule (LCR)
Compliance
E Programs Water Systems Existing and developing programs that can help water

Can Use to Achieve
Simultaneous Compliance

systems comply with regulations and produce consistently
high quality water. Contains descriptions of performance-
driven optimization programs and integrated management
approaches that consider treatment processes and operating
practices throughout the entire water system.
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1.6 Can I rely on this guidance manual alone to make compliance decisions?

No, this guidance manual alone is not intended to provide comprehensive technical
guidance for systems making treatment modifications. Instead, systems are encouraged to use
this manual as a tool to identify potential issues and possible solutions to those issues. Chapter 7
provides an extensive reference list, grouped by subject matter, which systems can use to obtain
more information as they plan treatment modifications.

Each state may have its own rules and regulations pertaining to treatment modifications.
For example, many states have review and approval procedures that must be followed before
making any compliance decisions. Systems should contact their state or EPA office for further
information.

1.7 Are there quick references | can use to screen for potential simultaneous compliance
problems?

Yes, Exhibit 2.1 in Chapter 2 is a one-page checklist that systems can use to quickly
identify key potential operational and simultaneous compliance issues. This checklist could be
particularly helpful for small systems or systems with limited resources. Chapter 2 also provides
the following summary tables to help systems screen for potential issues:

e Exhibit 2.2 Technology Alternatives and How They Affect Water Quality

e Exhibit 2.3 Stage 2 DBPR and LT2ESWTR Compliance Technologies Summary of
Benefits and Potential Conflicts

e Exhibit 2.4 Potential Operational Issues for Different Treatment Modifications

e Exhibit 2.5 Case Studies in this Guidance Manual and Issues They Address

e Exhibit 2.6 Tools for Gathering System-Specific Information on Different Treatment
Technologies

1.8 What additional resources are available?

Chapter 7 contains a comprehensive list of references, grouped by subject. EPA
references are discussed below.

The 1999 M-DBP Simultaneous Compliance Guidance Manual

The Microbial and Disinfection Byproduct Rules Simultaneous Compliance Guidance
Manual (USEPA 1999f) was published in conjunction with the promulgation of the Stage 1
D/DBPR and the Interim Enhanced Surface Water Treatment Rule (IESWTR). The 1999
manual is organized by regulation, describing how compliance with Stage 1 D/DBPR or
IESWTR might affect compliance with another regulation, focusing on one regulation at a time.
Some readers may be more comfortable with that layout. Since several issues discussed in the
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1999 manual continue to be issues that present challenges for systems trying to comply with the
LT2ESWTR and Stage 2 DBPR, EPA recommends that readers also consider referring to the
1999 manual for guidance.
Additional EPA References

In conjunction with promulgation of the IESWTR, Stage 1 D/DBPR, Long Term 1
Enhanced Surface Water Treatment Rule (LTIESWTR), LT2ESWTR, and the Stage 2 DBPR,
EPA has published several guidance manuals that may assist PWSs in resolving potential
conflicts. Complete references for these guidance manuals are provided in Chapter 7. These
references include the following:

e Handbook: Optimizing Water Treatment Plant Performance Using the Composite
Correction Program (USEPA 1998a)

e Disinfection Profiling and Benchmarking Guidance Manual (USEPA 1999a)
e Alternative Disinfectants and Oxidants Guidance Manual (USEPA 1999b)
e Uncovered Finished Water Reservoirs Guidance Manual (USEPA 1999c)

e Guidance Manual for Compliance with the Interim Enhanced Surface Water
Treatment Rule: Turbidity Provisions (USEPA 1999d)

e Unfiltered Systems Guidance Manual (USEPA 1999¢)

e Guidance Manual for Conducting Sanitary Surveys of Public Water Systems; Surface
Water and Ground Water Under the Direct Influence (GWUDI) of Surface Water
(USEPA 19999)

e Enhanced Coagulation and Enhanced Precipitative Softening Guidance Manual
(USEPA 1999h)

e Implementation Guidance for the Stage 1 Disinfectants/Disinfection Byproducts Rule
(USEPA 2001a)

e Controlling Disinfection By-Products and Microbial Contaminants in Drinking Water
(USEPA 2001c)

e Draft LT2ESWTR Toolbox Guidance Manual (USEPA 2003a)

e Draft Ultraviolet Disinfection Guidance Manual (USEPA 2003b)
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Draft Stage 2 DBPR Implementation Guidance (USEPA 2006b)
Draft Significant Excursion Guidance Manual (USEPA 2003c)
Draft LT2ESWTR Implementation Guidance (USEPA 2006c)
Draft Filter Surveillance Manual (USEPA 2004a)

Draft Coagulation Control Manual (USEPA 2004b)

Draft Process Monitoring Manual (USEPA 2004c)

Membrane Filtration Guidance Manual (USEPA 2005b)

Information on future guidance manuals to be published in conjunction with the Stage 2
DBPR and LT2ESWTR can be found on EPA’s website at
http://www.epa.gov/safewater/disinfection/lIt2/compliance.html and

http://www.epa.gov/safewater/disinfection/stage2/compliance.html.
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2 Quick Reference Materials for
Simultaneous Compliance

This Chapter provides matrices that can be used as screening tools by systems and states

to quickly identify potential simultaneous compliance issues.

Exhibit 2.1 (page 2-2) is a checklist that can be used to quickly identify potential
operational and simultaneous compliance issues. It may be particularly useful for small
systems or systems with limited resources.

Exhibit 2.2 (starting on page 2-3) provides a summary of how different compliance
technologies may affect water quality. For example, while switching from chlorine to
UV will increase CT for Cryptosporidium, it may decrease CT for viruses.

Exhibit 2.3 (starting on page 2-6) summarizes simultaneous compliance issues for
individual LT2ESWTR and Stage 2 DBPR compliance technologies. For some treatment
strategies listed, no significant impact on drinking water regulations is anticipated.
Systems may, however, encounter other challenges, such as an increase in waste residuals
or a reduction in the quantity of treated water that can be produced.

Exhibit 2.4 (starting on page 2-12) identifies potential operational issues for individual
LT2ESWTR and Stage 2 DBPR compliance technologies.

Exhibit 2.5 (starting on page 2-13) provides summary information on each of the case
studies in Appendix B. The case studies give real-world examples of how systems have
dealt with simultaneous compliance issues with past regulations and in anticipation of the
Stage 2 DBPR and LT2ESWTR.

Exhibit 2.6 (page 2-16) lists tools that can be used to gather more information on how a
system may be affected by a treatment change.
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Exhibit 2.1 Checklist for Identifying Key Operational and Simultaneous Compliance Issues

If you are considering a treatment modification or a new treatment to meet the LT2ESWTR or Stage 2 DBPR, this checklist can help
you see if you might have problems complying with other drinking water regulations. If you answer “yes” to any of these questions,
go to the section in Chapter 3, 4, or 5 that addresses your treatment change. There you will find a list of potential simultaneous
compliance issues, suggestions for how to address them, and other helpful information.

Yes

O

No

Will you be getting less CT as a result of the treatment change? If you answered “yes” and are a surface water system,

O you must conduct disinfection profiling.

O Will the treatment change cause an increase (seasonal or permanent) in organic carbon? If yes, you could potentially
have problems complying with the Stage 1 DBPR, the Stage 2 DBPR, or the TCR.

0 Will the treatment change reduce the pH and/or alkalinity of your finished water? If yes, your finished water could be
more corrosive and you could have problems complying with the LCR.

O Will you be using a different residual disinfectant? Disinfectant residual changes can impact TCR and LCR compliance.

O Will the treatment change affect the quality of water being filtered? A change in coagulation or pre-disinfection could
affect filter performance and compliance with the LTIESWTR or IESWTR.

0 Will the treatment change result in higher or lower concentrations of inorganics, such as manganese, iron, aluminum,
sulfate, chloride, or sodium in your finished water? If yes, your water could become more corrosive and you could have
problems complying with the LCR. You could also have aesthetic problems.

0 Will the treatment change cause an increase in production of waste residuals (e.g., enhanced coagulation could cause
your system to produce more sludge)? This is not typically a compliance issue, but increased residual production can
present operational challenges for your system.
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Exhibit 2.2 Technology Alternatives and How They Potentially Affect Water Quality

CT pH alkalinity | disinfectant | ironor | turbidity | NOM DBPs corrosivity AOC taste and
residual’ | manganese odor
Source may may may may may may may may
Management? decrease if | increase or | increase increase decrease | decrease increase or increase
colder water | decrease or decrease
is used decrease
Distribution may may TTHM may may may
System BMPs increase increase if decrease; decrease increase
flushing HAAS may
not done decrease or
properly increase
Moving the Point may may may decrease
of Chlorination decrease increase or increase
Downstream decrease
Decreasing pH increase decrease may TTHM may may
decrease decrease, increase
HAAS may
increase
Reducing may may may decrease
Chlorine Dose decrease | increase or decrease
Under Warmer decrease
Water Conditions
Presedimentation may may may may
decrease | decrease | decrease | decrease
Enhanced may decrease may manganese may decrease | decrease may
Coagulation increase decrease may increase increase
increase or
decrease
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CT pH alkalinity | disinfectant | ironor | turbidity | NOM DBPs corrosivity AOC taste and
residual’ | manganese odor
Softening/ may increase may may may may HAAS5 may | concrete
Enhanced increase, increase decrease | decrease | decrease | decrease, corrosion
Softening may TTHM may may
decrease due increase increase
to high pH
GAC may decrease | decrease may decrease
increase decrease if
due to GAC is
GAC fines biologically
active
Microfiltration/ may decrease may
Ultrafiltration decrease decrease
Nanofiltration may may decrease | decrease may decrease increase may
decrease | decrease decrease decrease
Bank Filtration may
increase
Bag Filtration may may
decrease | decrease
Cartridge may may
Filtration decrease | decrease
Second Stage may decrease may may may
Filtration decrease decrease | decrease decrease
Slow Sand may may may may
Filtration decrease | decrease | decrease | decrease
DE Filtration may may
decrease | decrease
Improved Filter may decrease may may
Performance decrease decrease | decrease
Chloramines® decrease may TTHM and may may
increase HAAS will | increase or increase or
decrease decrease decrease
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CT pH alkalinity | disinfectant | ironor | turbidity | NOM DBPs corrosivity AOC taste and
residual’ | manganese odor
Ozone® increase for may may may
protozoa decrease, but| increase or increase or
increase in decrease decrease
bromate
UV Disinfection® | UV dose is decrease
low for
protozoa,
need higher
dose for
viruses
Chlorine Dioxide® | increase for may TTHM and may
protozoa, decrease if HAA5S increase or
decrease for followed decrease, decrease
viruses by filtration chlorite will
be formed

Refers to the disinfectant residual in distribution system water.
For the purpose of this guidance, source management refers to techniques water systems can use to manipulate their water sources to comply

with Stage 2 DBPR or LT2ESWTR regulations. In this context, source management does not refer to source water protection or other long-term
watershed efforts to improve water quality. The source management techniques discussed in this section are operational changes made by
water systems to use the source with the least amount of natural organic matter (NOM), or selecting a blend of sources to try to achieve the
most effective treatment for organics and turbidity removal. Source management strategies can affect raw water quality or they can affect
finished water quality directly (e.g., blending or alternating sources).

Water quality changes for alternative disinfectants are compared to conditions when free chlorine is used.
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1 Exhibit 2.3 Stage 2 DBPR and LT2ESWTR Compliance Technologies:
2 Summary of Benefits and Potential Conflicts
3

L]
Used for Compliance

with Potential Issues
System Potential Benefits
Néoodgrl)cl?at:l%g/ Stage 2 | roEswTR Descripti e of  Dissusset
DBPR ption Rule(s) of  Discussed in
4 Technology Concern  More Detail
Source X X e may reduce DBP precursors o water temperature change may affect CT and SWTR, Stage ~ Section 3.1
Management e may reduce disinfectant demand coagulation/flocculation 1 D/DBPR,
e can improve treatability of raw water e may introduce new contaminants (e.g. iron, Stage 2
for turbidity and/or DBP precursor manganese, sulfide) DBPR,
removal e raw water pH change can adversely affect water |ESWTR,
treatment and/or corrosion control LTIESWTR,
e may increase coagulant demand LCR.
e may increase disinfectant demand
Distribution X e targets specific problem areas e can stir up sediments TCR, Stage 1~ Section 3.2
System BMPs e can improve microbial control e issues with disposal of chlorinated water D/DBPR,
e reduces DBPs e lining materials leaching into water Stage 2
e can reduce corrosion o less storage available for emergencies, increased DBPR.
5 water loss
Moving the Point X e reduces DBP concentrations o may reduce CT IESWTR, Section 3.3
of Chlorination e reduces amount of disinfectant used e increases chances of filter fouling LTIESWTR,
Downstream e can facilitate monthly total organic e may impact taste and odor control LT2ESWTR,
carbon (TOC) source water monitoring e may reduce Asiatic clam or zebra mussel Stage 1
control D/DBPR.
o provides less effective treatment for iron or
manganese
e may require adjustment of water treatment
chemistry
e may need to increase disinfectant dosage, which
6 could produce more DBPs
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Used for Compliance

System with Potential Issues
Modification / . .

- Potential Benefits )
Compliance  gt5q6 5 - Rule(s)of  Vherelt’s
Technology DBPR LT2ESWTR Description Concern Discussed in

More Detail
Decreasing pH X e same CT can be achieved with lower e may increase HAA5 Stage 1 Section 3.4
disinfectant dose o may impact ability to filter D/DBPR,
¢ lower pH may reduce some DBPs e can cause corrosion problems Stage 2
o can adversely affect treatment plant equipment  DBPR,
e may impact settling and sludge dewatering IESWTR,
o solubility of inorganics may increase LTIESWTR,
e varying pH can create changes in distribution LCR.
system surfaces
Modifying X o lower chlorine dose needed for o pathogen concentrations may be higher when IESWTR, Section 3.5
Chlorine Dose microbial protection in warm water water is warm (e.g., recreational waters) LT1IESWTR,
Under Different e lower chlorine dose when DBP e less disinfection when coliform incidents are TCR, SWTR.
Temperature formation rates may be high more common in distribution systems
Conditions e systems may have trouble maintaining required
inactivation
Presedimentation X e removes Cryptosporidium o algal growth in basins can increase DBP Stage 1 Section 3.6
e can remove DBP precursors precursors D/DBPR,
e removal of solids difficult Stage 2
DBPR.
Enhanced X o decreases TTHM and HAA5 e may adversely impact finished water turbidity =~ IESWTR, Section 3.7
Coagulation e may improve disinfection o lower pH can cause corrosion problems LTIESWTR,
effectiveness e may see increased inorganics concentrations in  LCR, FBRR.
e can reduce bromate formation finished water
¢ can reduce chloroform formation e can impact Cryptosporidium removal
e can enhance arsenic and radionuclide e systems may have issues with disposal of
removal additional residuals
e systems may have issues with disposal of
residuals with high levels of radioactivity
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Used for Compliance

System with Potential Issues
Modification / . .

- Potential Benefits ,
Compliance Stage 2 o Rule(s) of V_\/here It_s
Technology DBPR LT2ESWTR Description Concern Discussed in

More Detail
Softening/ X X e removes DBP precursors o lower chlorine effectiveness at high pH SWTR, Section 3.8
Enhanced e lowers HAAS e may cause aluminum carryover IESWTR,
Softening e increases effectiveness of e may increase scaling in treatment plant and LTIESWTR,
chloramines distribution system piping LT2ESWTR,
e two stage plants can achieve o higher TTHM formation at high pH Stage 1
Cryptosporidium removal credit « need to lower pH before ozonation D/DBPR.
e high calcium sludges may de-water e prechlorination may reduce TOC removal
more easily e increased process residuals
o increased concrete corrosion
Granular X X e removes DBP precursors e may release previously adsorbed compounds TCR, Section 4.1
Activated e removes taste and odor compounds e precursor removal may be limited by type of IESWTR,
Carbon (GAC) e if used as secondary filter, removes TOC LTIESWTR.
Cryptosporidium e bacteria can be released
e removes AOC after ozone when used e fines can foul downstream processes at startup
as biological filter o water with disinfectant residual should not pass
through
e ammonia added before GAC may increase
nitrification
Microfiltration/ X o removes bacteria and protozoa e pore size will not reliably remove DBP SWTR. Section 4.2
Ultrafiltration e decreases turbidity Precursors or viruses
e can lower DBPs by allowing lower e although bacteria and protozoa are removed,
disinfectant doses system must still provide disinfectant residual
e may have increased loss of process water
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1

__________________________________________________________________________________________________________________________________________________________________|]
Used for Compliance

System with Potential Issues
Modification / . .

- Potential Benefits ,
Compliance Stage 2 - Rule(s) of Where It’s
Technology DEPR L T2ESWTR Description Concern Discussed in

More Detail
Nanofiltration X X e removes microbial pathogens e produces corrosive water SWTR, LCR. Section 4.3
e can remove DBP precursors o although microbes are removed, system must
still provide a disinfectant residual
o can lower pH
o increased loss of process water
Watershed X X e reduces microbial risk e none known None known Not
Control Program e reduces DBP precursor loading discussed
o reduces chemical contamination
Bank Filtration X e increases pathogen removal o hydraulic issues None known  Section 4.4
o decreases turbidity ¢ iron/manganese problems
e decreases DBP precursors
Bag Filtration X e reduces microbial risk o hydraulic issues None known  Section 4.4
Cartridge X e reduces microbial risk ¢ hydraulic issues None known  Section 4.4
Filtration e disposal issues
Second Stage X X o reduces particulate matter o hydraulic issues None known  Section 4.4
Filtration e reduces DBPs and DBP precursors e increased residuals
o reduces microbial risk
¢ reduces assimilable organic carbon
(AOC)
Slow Sand X e reduces microbial risk e hydraulic issues None known  Section 4.4
Filtration e may reduce DBP precursors
e may improve disinfection
effectiveness
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1

__________________________________________________________________________________________________________________________________________________________________|]
Used for Compliance

System with Potential Issues
Modification / . .

- Potential Benefits ,
Compliance Stage 2 - Rule(s) of Where It’s
Technology DEPR L T2ESWTR Description Concern Discussed in

More Detail
Diatomaceous X e reduces microbial risk o hydraulic issues None known  Section 4.4
Earth (DE)
2 Filtration
Improved Filter X e reduces microbial risk e increased residuals None known  Section 4.4
Performance e reduces chemical contaminants o disposal issues
e improves disinfection effectiveness
e improves aesthetic quality
Chloramines X e reduce DBPs o nitrification may occur in distribution system  TCR, Section 5.1
e may improve biofilm control e may cause corrosion problems with some IESWTR,
e may increase ability to maintain materials SWTR, LCR.
disinfectant residual throughout o potential taste and odor problems if improper
distribution system ratio is used
e minimal impact on water treatment e less help eliminating some taste and odor
plant process compounds
o relatively easy to install and operate e can be difficult to blend with other chlorinated
e may improve taste and odor sources
o weaker disinfectant, increases required CT
o o0zone and GAC can lead to faster residual decay
o issues for dialysis patients, fish owners and
3 industrial users.
Ozone X X e Inactivates Cryptosporidium and o forms bromate Stage 1 Section 5.2
Giardia e forms AOC D/DBPR,
e does not form TTHM or HAA5 e does not provide a residual TCR, SWTR,
o effective pre-oxidant e can cause taste and odor problems LCR,
e raises UV transmittance of water e can cause corrosion problems IESWTR,
e may aid coagulation « 0zone bubbles can hinder filter performance if ~ LTIESWTR.
4 e can help taste and odor problems not operated properly
5
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1

__________________________________________________________________________________________________________________________________________________________________|]
Used for Compliance

Sy§terr_1 with Potential Issues
NCI:Od'f'C‘f"t'on / Potential Benefits ,
ompliance Stage 2 - Rule(s) of Where It’s
Technology DBPR LT2ESWTR Description Concern Discussed in
More Detail
Ultraviolet (UV) X X e inactivates Cryptosporidium and o need higher light intensities to inactivate viruses SWTR, Section 5.3
Disinfection Giardia e does not provide a residual IESWTR,
e does not produce regulated DBPs LTIESWTR.
o effectiveness not pH or temperature
dependent
Chlorine Dioxide X X e achieves some Cryptosporidium o forms chlorite Stage 1 Section 5.4
inactivation o reduced effectiveness at low temperatures D/DBPR,
e less TTHM and HAAGS formation e may be challenged by chlorine dioxide SWTR,
than with chlorine Maximum Residual Disinfectant Level (MRDL)  IESWTR,
e can work well for taste and odor e can form brominated DBPs LTIESWTR.
control e degrades under UV light
e oxidizes iron and manganese o potential odor problems
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Exhibit 2.4 Potential Operational Issues for Different Treatment Modifications

@ Where it's
£ = S = discussed in
E " g £ n more detail
5+ o [} o B c
Topic is marked with an “X” > £ 2 =2 0 g 3z 2
if it may be a concern for the 5 £ = 85 5 3 - 5§ &
treatment modification g 2 & 3 2 2 - % o %
Treatment Modification o £ 2 2 (2 2 g a S ﬁ g
§ 2g 5 3 2 2 E &8 & 2t
S ez 2 52 2 5 5 288+
S 58 8§ & 2 2 z &5 ¢ &8 8
~ Y 1 (ad e~ o) m ni N ~ tN rv (4B
Source Management X X X X X X X X X Section 3.1
Distribution System BMPs X X X X X X X Section 3.2
Moving Point of Chlorination Downstream X X X X X X Section 3.3
Decreasing pH X X X X X X X Section 3.4
Decreasing Chlorine Dose Under Warm Water Conditions X X X X X Section 3.5
Presedimentation X X X X X Section 3.6
Enhanced Coagulation X X X X X X X X Section 3.7
Softening/Enhanced Softening X X X X X X X Section 3.8
Granular Activated Carbon X X X X X X X X Section 4.1
Microfiltration/Ultrafiltration X X X X X X X X Section 4.2
Nanofiltration X X X X X X X X X X Section 4.3
Bank Filtration X X X Section 4.4
Other Microbial Removal Technologies (improved filter performance,
bag filtration, cartridge filtration, second stage filtration, slow sand X X X X X X
filtration, DE filtration) Section 4.4
Chloramines X X X X X X X Section 5.1
Ozone X X X X X X X X Section 5.2
UV Disinfection X X X X X X Section 5.3
Chlorine Dioxide X X X X X X Section 5.4

1. Itis important to note that costs are associated with any modification or new treatment. This column is meant to identify changes that are generally more
costly compared to others. Also note that some distribution system BMPs, such as looping dead end pipes, can have relatively high costs.
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1 2. Exhibit 2.5 Case Studies in this Guidance Manual and Issues they Address
2
_____________________________________________________________________________________________________________________________________________________________________|]
Case Treatment/Issue Utility Name Case Study Population Average Source Page Section
Study Addressed Location Served Annual Water Where It is
No. Treatment Referenced
Plant (MGD) in the
Production Manual
1 Moving the Point of ~ Owenton Water Owenton, Kentucky <10,000 1 Surface Water =~ B-7 3.3
Chlorination Works and Kentucky (reservoir)
Downstream American TriVillage
2 Decreasing pH Public Utility District =~ Skagit County, 70,000 12 Surface Water = B-13 34
#1 Washington (reservoir)
3 Presedimentation Kansas City Water Kansas City, Missouri >600,000 240 Surface Water  B-21 3.6
Services (river, ground
water under
the direct
influence of

surface water)

4 Switching Hillsborough River Tampa, Florida >450,000 100 Surface Water  B-25 3.7
Coagulants Water Treatment (river)
Plant
5 Enhanced Washington Montgomery and 1,600,000 167 Surface Water = B-33 3.7
Coagulation - Suburban Sanitary Prince Georges (rivers)
Problems with Commission County, Maryland

Copper Pitting
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Case Treatment/Issue Utility Name Case Study Population Average Source Page Section
Study Addressed Location Served Annual Water Where It is
No. Treatment Referenced
Plant (MGD) in the
Production Manual
6 Enhanced Allen Water Englewood, Colorado 48,000 8.5 Surface Water = B-39 3.7
Coagulation - Filtration Plant (river, creek,
Managing diversions)
Radioactive
Residuals
7 GAC for TOC Higginsville Water Higginsville, Missouri <10,000 2 Surface Water = B-45 4.1
Removal Treatment Plant (reservoir)
8 Nanofiltration PBCWUD Water West Palm Beach, 132,000 27 Surface Water B-49 4.3
Membrane Treatment Plant #9 Florida (surficial
Technology for TOC aquifer)
Removal
9 Modifying Ann Arbor Utilities ~ Ann Arbor, Michigan 115,000 20 Surface Water B-57 9.1
Chloramination (river, wells)
Practices to Address
Nitrification Issues
10 Ozonation Ann Arbor Utilities Ann Arbor, Michigan 115,000 20 Surface Water = B-63 5.2
(river, wells)
11 Ozonation and Sweeney Water Wilmington, North 75,000 25 Surface Water = B-71 5.2
Biological Filtration ~ Treatment Plant Carolina (river)
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Case Treatment/Issue Utility Name Case Study Population Average Source Page Section
Study Addressed Location Served Annual Water Where It is
No. Treatment Referenced
Plant (MGD) in the
Production Manual
12 UV Disinfection Poughkeepsie Water =~ Poughkeepsie, New 75,000 16 Surface Water = B-77 5.3
Treatment Facility York (river)
13 Chlorine Dioxide for =~ Gulf Coast Water Texas City, Texas 92,000 12 Surface Water = B-81 5.4
Primary Disinfection  Authority (river)
and Chloramines for
Secondary
Disinfection
14 Chlorine Dioxide for  vijllage of Waterloo ~ Waterloo, New York <10,000 2 Surface Water B-89 55
Primary Disinfection Water Treatment (Iake)
and Chloramines for  pjant
Secondary
Disinfection

I EEEEEEEEEEEE————————————————————————————————————————————————————
1
2
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Exhibit 2.6 Tools for Gathering System-Specific Information on Different Treatment Technologies
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Compliance Techniques @ oL o0 M= o o U more detail

Source Management X X Section 3.1
Distribution System BMPs X X X Section 3.2
Moving the Point of Chlorination Downstream X X X X Section 3.3
Decreasing pH X X X X Section 3.4
Decreasing Chlorine Dose Under Warm Water
Conditions X X X Section 3.5
Presedimentation X Section 3.6
Enhanced Coagulation X X X X Section 3.7
Softening/Enhanced Softening X X X X X Section 3.8
GAC X X X X Section 4.1
Microfiltration/Ultrafiltration X X X Section 4.2
Nanofiltration X X X X Section 4.3
Bank Filtration X X X Section 4.4
Chloramines X X X X X X X  Section 5.1
Ozone X X X X X X X  Section 5.2
UV Disinfection X X X Section 5.3
Chlorine Dioxide X X X X X X Section 5.4
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‘ 3 Improving and Optimizing Current Operations I

Public water systems (PWSs) may want
to consider whether they can modify their source
water management, treatment processes, or
distribution system operations before taking on
the challenge of installing a new treatment
technology to meet the requirements of the Stage
2 DBPR and LT2ESWTR. This chapter
addresses ways that water systems might change
how they operate their existing facilities to
achieve compliance with the Stage 2 DBPR and
LT2ESWTR, and potential simultaneous
compliance challenges that can arise when such
operational changes are made.

Several of the sections in this chapter
address ways that water systems may change
how they chlorinate. Before making any
changes to disinfection practices, systems that

OPERATIONAL PRACTICES
COVERED IN THIS CHAPTER

Source Management

Distribution System Best
Management Practices

Moving Point of Chlorination
Modifying pH During Chlorination
Modifying Chlorine Dose Under
Different Temperature Conditions
Modifying Presedimentation
Basin Operations

Enhanced Coagulation
Enhanced Softening

are required to develop a disinfection profile must calculate a disinfection benchmark for the
treatment configuration currently in place. To learn more about disinfection profiling and
benchmarking, refer to EPA’s Disinfection Profiling and Benchmarking Guidance Manual

(1999a).

3.1 Source Management

For the purpose of this guidance, the term source management refers to techniques that
water systems can use to manipulate their water source or sources to comply with

Stage 2 DBPR or LT2ESWTR regulations. In this context, source management does not refer to
source water protection or other long-term watershed efforts to improve water quality. The
source management techniques discussed in this section are operational changes made by water
systems to use the source with the least amount of natural organic matter (NOM), or selecting a
blend of sources to try to achieve the most effective treatment for organics and turbidity removal.
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Examples of source management include:

e Selecting the optimum depth from which to draw water. Systems using lake or
reservoir sources should have multi-level intakes. This flexibility allows the system
to draw water from different depths or
locations, depending on the source
water quality during that time of year

Water system managers should
check with their primacy agency

or for other reasons (e.g. algal bloom, before making any source
storm upsets, etc). management changes. Approval
_ ) of the primacy agency may be
o Blendlnq various sources. Systems required before a water System
that have multiple sources may modifies or switches its raw water
consider blending surface and ground source.

water sources to attain the best blended
raw water for compliance.

e Alternating between sources. Systems with multiple sources may consider alternating
between surface water and ground water sources depending on source water quality at
a given time. Systems may also temporarily discontinue use of a source for a period
of time when impacts are expected or water quality is poor.

Source management may be considered a temporary, seasonal, or permanent solution
depending on physical or chemical characteristics of the source; the need to reduce disinfection
byproduct (DBP) precursors and/or turbidity; the availability of alternate, additional, or new
sources; and the impact the water chemistry change has on the rest of the system. For example, a
system may only have seasonal issues with DBP precursor concentrations and, therefore, may
decide to apply one or more source management techniques on a seasonal basis.

Many factors can have a temporary or seasonal impact on surface water quality and can
impact organic loading, turbidity, and pathogen concentrations entering the plant. If these
impacts are understood and flexibility is built into the plant intake and operations, the system
may be able to use source management strategies to avoid or mitigate simultaneous compliance
issues. These factors include:

e Seasonal turnover - In colder climates many reservoirs and lakes experience turnover
during the spring and fall. When this occurs, sediment and organic matter at the
bottom of the reservoir can be stirred up and re-suspended. This can lead to an
increase in organic load, algal blooms causing taste and odor, turbidity, and higher
pathogen concentrations entering the plant.
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e Precipitation events - Heavy rainfall or snowmelt can wash organic matter from soils
into surface water sources. A runoff event upstream of the intake can result in an
increase in organic load and pathogens entering the plant.

e Algae blooms - Seasonal algae blooms that occur in lakes and reservoirs can impact
NOM levels and raw water pH in water nearer to the surface. Decayed algae can
contribute organics to sediment that later become problematic during turnover. Algal
blooms can also interfere with filter operation and may interfere with analysis for
Cryptosporidium and Giardia.

e Point source discharges - Discharges from wastewater treatment plants, water
treatment plants, and industrial discharges upstream of the intake can increase the
organic load and pathogens in source water. This becomes more significant when
stream flow decreases and there is less dilution.

e Nonpoint sources of pollution - Nonpoint discharges of pollution can impact the
organic load in the source water. They can also increase microbial contaminants such
as Cryptosporidium and increase nutrients that can cause algal blooms. Many such
sources of pollution are intermittent or seasonal and, if the system is aware in
advance, adverse impacts can be avoided by temporarily discontinuing use of the
source.

If a ground water is used to supplement a surface water source on a seasonal basis, the quality of
the ground water needs to be considered, including its pH, iron and manganese concentrations,
oxidation reduction (redox) potential of the water, and any nearby contaminant plumes.

While changes to the source may be
advantageous for minimizing DBP precursor
concentrations or turbidity, any major changes in the
source water entering plants are likely to be
accompanied by corresponding changes in other raw
water chemistry. These may include changes in pH, temperature, alkalinity, organics,
inorganics, radionuclides, etc. As a result, these changes will have an impact on the treatment
processes employed by the system and may impact the distribution system as well. Therefore,
when a source water change is considered, water quality monitoring and jar testing should be
conducted to determine the impacts the change in water chemistry will have on the plant, as well
as the stability of the distribution system.

Jar testing should be conducted
when a system is considering a
source water change.
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3.1.1 Advantages of Source Management
By using source management techniques, a PWS may be able to:
e Reduce DBP precursors in the raw water (reduction in raw water organic load)
e Reduce amount of disinfectant used
e Improve treatability of raw water for turbidity and/or DBP precursors

Reduce DBPs

Routine reservoir monitoring can
Selecting a source water or combination of help a system select the best
source waters containing the least amount of intake depth for minimizing
organic matter can reduce finished water DBP DBPs.
concentrations. The water chemistry of stratified
lakes and reservoirs can change seasonally and vary significantly depending on water depth.
Different depths in a stratified source may contain different concentrations of organics with
different characteristics (e.g., particulate vs. dissolved, high vs. low molecular weight). Water
systems can use this to their advantage by determining the depth containing the lowest DBP
precursor concentrations or precursors that are most easily removed, and then draw their source
water from this depth. Systems should keep in mind, however, that the depth producing the
lowest concentration of DBP precursors may change seasonally. It is important for an effective
source management program to include routine monitoring to detect changes in water quality at
different intake depths and guide decision-making. Section 3.1.3 provides some suggestions for
additional monitoring that can help in this way.

Blending sources can also produce lower finished water DBP concentrations if the
additional source used in blending contains lower concentrations of DBP precursors.

Reduce Amount of Disinfectant Used

Organic matter, inorganic matter, and biota such as algae in water usually present a
chlorine demand. If an alternative water source is used that is well-oxygenated and has lower
concentrations of organic matter, iron, and manganese, that water is likely to have a lower
chlorine demand than the poorer quality water previously used.

Raw Water Treatability
By drawing water from different depths in a stratified source, blending sources or

alternating sources, the raw water chemistry may also be manipulated to provide optimum
conditions for water treatability resulting in increased particulate removal. For example, systems

DRAFT - DO NOT CITE OR QUOTE 3-4 JUNE 2006



O©CoOoO~NO UL WN PP

M-DBP SIMULTANEOUS COMPLIANCE GUIDANCE MANUAL 3 IMPROVING OPERATIONS

that have minimal alkalinity in the source water may find that blending another source water
with higher alkalinity will improve coagulation (when using alkalinity-dependent coagulants),
resulting in a reduction in DBP precursors and turbidity. In this situation, however, water
systems should keep in mind that increasing alkalinity would in turn increase the amount of
chemical needed to lower the pH and effectively remove total organic carbon (TOC).

Different types of organic matter in water can be removed more or less effectively during
coagulation. In general, water containing primarily non-humic organic matter is less amenable
to enhanced coagulation. This type of water is also more likely to have a lower specific
ultraviolet absorbance (SUVA) concentration. By monitoring for NOM indicators such as
SUVA in their source water alternatives, water systems can pick the water that can be treated
more effectively for NOM removal and, possibly, reduce DBP concentrations in the finished
water.

By avoiding water with algal blooms, systems can improve the coagulation properties of
the water. Avoiding algal blooms can also reduce taste and odors compounds, which are
difficult to remove during conventional treatment.

3.1.2 Potential Operational and Simultaneous Compliance Issues Associated with Source
Management Changes

Any changes to the raw water as a result of source management are likely to affect the
raw water chemistry and in some way impact treatment processes. While the goal may be to
minimize organic loading or provide optimum conditions for DBP precursor and turbidity
removal, adverse changes in the raw water chemistry may include:

e Water temperature changes affecting CT calculations and coagulation and
flocculation

e Introduction of new contaminants or higher concentrations of existing
contaminants (e.g., iron, manganese, sulfide)

e Variation in raw water pH adversely affecting water treatment

¢ Reduction in coagulation effectiveness through other chemistry changes or
increased coagulant demand (e.g., alkalinity, type of turbidity)

e Increased disinfectant demand for water under reduced conditions (e.g., little or
no dissolved oxygen)

e Changes in aesthetic quality may generate customer complaints
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General suggestions for addressing some of these issues that may arise as a result of source
changes are provided below.

Changes in Water Temperature

If a water system's managers opt to draw from a lower level in a thermally stratified
reservoir during warmer months in order to decrease DBP precursors at the plant, the water
temperature may be considerably lower than the system typically experiences. It is not unusual
in northern parts of the U.S. for water temperatures near the top of a reservoir to be at least 10
degrees C higher than temperatures near the bottom. As water temperature decreases, pathogen
inactivation using most disinfectants is less effective, and therefore the required CT must be
increased. Since the system's contact time (T) is generally set, the disinfectant concentration (C)
may need to be increased when operating at maximum capacity. Therefore, the benefit gained
by changing the source to one with lower DBP precursors may be offset by the required increase
in disinfectant concentration, and little gain in terms of reducing finished water DBPs may be
realized. Alternatively, the lower temperature may slow down DBP formation reactions and
residual decay reactions that may mitigate the effect of temperature to some degree.

The converse, however, may also apply. If a system draws from a higher level in the
reservoir and there is a corresponding higher temperature, this may result in more efficient
inactivation and therefore less required CT.

Colder water temperatures also result in slower floc formation in the coagulation process
and therefore, decreased efficiency of turbidity removal (Faust and Aly 1998).

Recommendations for Addressing this Issue

Systems may need to increase their CT when using a colder water source. Frequently a
system's T is set, especially when a system is operating at maximum capacity in the summer
months. Therefore, the disinfectant concentration (C) may need to be increased.

Changes in temperature may require changes in coagulant dose, mixing speeds, and other
factors related to coagulation. To determine the impact colder water temperature may have on
the coagulation process, systems should conduct jar tests with the modified source water to
determine optimum conditions for coagulation based on the new water temperature and
chemistry. As the source water temperature and/or water chemistry changes, additional jar tests
should be conducted to determine the optimum conditions based on the new temperature or water
chemistry change.

Introducing New Contaminants or Higher Concentrations of Existing Contaminants

Contaminants such as arsenic, dissolved iron, dissolved manganese, or hydrogen sulfide
may be introduced or their concentrations may be increased depending on source management
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decisions. For example, in the summer months a system may alternate its surface water source
with a ground water source to produce water lower in DBPs. This may, however, introduce
contaminants into the source water for which there is not adequate treatment in place for
removal, or the contaminant may deplete chemicals used in the treatment process that are needed
for other purposes (e.g., dissolved iron may deplete chlorine meant to be used for disinfection).
For systems using thermally stratified sources, drawing from a lower depth to avoid high
turbidities may introduce water with higher concentrations of dissolved organics or soluble
metals.

Another potential problem with a system introducing new contaminants or contaminants
at higher concentrations is the potential for increasing contaminant concentrations in the residual
waste streams of certain treatment processes. For example, if higher arsenic concentrations are
introduced in a surface water plant, the arsenic will be oxidized and removed, and will be
concentrated in the sludge and backwash water.

Recommendations for Addressing this Issue

To address the problem of introducing or increasing contaminant concentrations in the
source water, systems should analyze the water chemistry of the alternate source for typical
constituents and suspected contaminants. Systems can then compare the alternate source's water
chemistry with the original source and consider the possible impacts prior to making source
changes. Section 3.1.3 provides some suggestions for additional monitoring to assist with this
decision making process. Once the new source water chemistry has been characterized, systems
using coagulants should conduct jar tests to determine if contaminant concentrations negatively
impact the treatment process. Several tests may be necessary to determine a source management
option that works best in terms of meeting all treatment goals.

Problems with a Change in Raw Water pH

A water system may change its source to decrease DBP precursors at the plant, but the
change may also affect the pH of the raw water. Variations in raw water pH will affect CT,
coagulation effectiveness for certain coagulants, and possibly DBP formation, unless pH is
controlled ahead of and through the treatment plant.

For systems that use chlorine to disinfect, pathogen inactivation is very dependent on pH.
As pH increases, inactivation is less efficient, and therefore the required CT must be increased.
Since the system'’s contact time is set, the disinfectant concentration (C) may need to be
increased when operating at maximum flow. As with the impact from temperature, the benefit
gained by changing the source to one with lower precursors may be offset by the required
increase in disinfectant concentration. Under these circumstances, little gain may be realized.

Variations in the raw water pH can affect the coagulation process. The pH may no longer
be in the optimum range for coagulation using pH-dependent coagulants such as alum. Less
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effective coagulation is likely to result in less DBP precursor removal, leaving more DBP
precursors available for reaction with chlorine or other disinfectants downstream in the treatment
process. If the pH of the source water is low and alum is used for coagulation, aluminum ions
may pass through the filters if alum is overdosed. If the pH is raised for corrosion control before
the water reaches the distribution system, the aluminum ions that passed through the filters will
then precipitate, causing the water to appear turbid.

Recommendations for Addressing this Issue

If the source water pH changes, water systems should conduct jar tests to determine
optimum treatment conditions based on the new pH. Systems should ensure that corrosion
control is adjusted accordingly if the pH change persists in water entering the distribution
system.

Reduced Coagulant Effectiveness

If source management is used to reduce DBP precursors, the turbidity of the raw water
may increase or decrease as a result. An increase in turbidity may require an increased
coagulation chemical demand as well as alkalinity demand depending on the coagulant used.
Water with increased turbidity may be more difficult to treat, especially for systems that are not
optimized or are nearing the design capacity of the coagulation process. A decrease in turbidity
may be a problem if there are not enough particles present for effective coagulation. Fewer
particles can be more difficult to coagulate because they do not come into contact as easily with
one another to form larger flocs that settle well or can be filtered out effectively. Higher influent
turbidity can also lead to higher settled water turbidity and problems with filtration.

Recommendations for Addressing this Issue

Systems should characterize the source water chemistry of the proposed new source or
blend of sources to ensure there are no negative impacts related to the coagulation process. Jar
tests should be performed if parameters that impact coagulation such as turbidity, alkalinity, pH,
or temperature change significantly.

Increased Disinfectant Demand for Waters under Reduced Conditions

When drawing from lower reservoir depths or from ground water sources, the water may
be under reduced conditions (with low or no dissolved oxygen (DO)). Dissolved iron,
manganese, and hydrogen sulfide may be present in these waters. These reducing agents are
readily oxidized by disinfectants and, therefore, increase the disinfectant demand. In addition,
dissolved iron and manganese precipitate when oxidized, creating more turbid water and
increasing the particle load onto the filters.
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Recommendations for Addressing this Issue

Water systems should be aware of the DO concentration and oxidation reduction
potential of the source water they are using. Chlorine dose should be adjusted to accommodate
the increased chlorine demand due to reduced conditions. Alternatively, systems may consider
periodic use of an additional oxidant, such as potassium permanganate, to oxidize reduced iron,
manganese, or sulfide (Cooke and Kennedy, 2001). Aerating the water before it is treated can be
another effective way to eliminate reduced conditions.

Once they are oxidized, the inorganic chemicals that were formerly dissolved are likely to
precipitate. Water systems should carefully review their filter effluent turbidities to ensure that
additional particle loading onto the filters is not stressing them. Systems should also conduct jar
tests to determine how to adjust their coagulant dose to improve removal of the additional
particle load.

Changes in Aesthetic Quality May Generate Customer Complaints
When drawing from lower reservoir depths or changing to a groundwater source, systems
may draw in hydrogen sulfide, iron, manganese and other compounds that may cause taste and

odor problems. An increase in hardness may also generate customer complaints.

Recommendations for Addressing this Issue

Systems that draw from anoxic layers in stratified reservoirs or from anoxic groundwater
may want to add a pre-oxidant to oxidize compounds such as iron, manganese, and hydrogen
sulfide (Cooke and Kennedy, 2001). Changes in hardness should be considered and lowered if
they become problematic by blending sources or by softening processes.

3.1.3 Recommendations for Gathering More Information
See Additional References

Readers can turn to Section 7.1.4 in Chapter 7 for technical references associated with
source management.

Consider Additional Monitoring

Source management changes are likely to affect raw water chemistry. Additional
monitoring can help systems understand how treatment processes and other components of a
PWS will be affected by changes in the raw water chemistry. Water quality monitoring can also
be used for making source management decisions. For example, a system that monitors water
quality at its various intake depths can use measurements such as turbidity or TOC to decide
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which intake gates to open and use. Many of these parameters can be monitored in real time to
provide immediate feedback into plant operation.

Systems choosing to use any of the source management options discussed in this section
should consider monitoring the applicable following parameters at a location before water enters
the treatment plant:

v Dissolved Oxygen (DO)
»Ground water and stratified surface water sources
»DO profiles of lakes or reservoirs at the intake location using a field meter
v' Temperature
»All sources
» Temperature profiles of lakes or reservoirs at the intake location using a field
meter
v’ pH
»All sources
»pH profiles of lakes or reservoirs at the intake location using a field meter

v" Secchi disk depth
»Lakes and reservoirs to determine water clarity

v Oxidation-reduction (redox) potential
»Ground water and stratified surface water sources using a field meter, if possible

v Turbidity

v Alkalinity

v" NOM measured as TOC or SUVA
v Dissolved iron

v Dissolved manganese

v Hydrogen sulfide

v Other chemicals known to be problematic for ground or surface water sources in the
area.

v" Chlorophyll a and algal counts
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Consider Other Tools

In addition to water quality monitoring, there are multiple tools available in Chapter 6 to
help systems evaluate and improve their current water system in relation to the compliance issues
they may face when modifying their operation or treatment practices. For example, the
AwwaRF report “Design of Early Warning and Predictive Source-Water Monitoring Systems”
(Grayman et al. 2001) provides guidance on the development of source water quality monitoring
systems that allow utilities to predict water quality events in the source water.

Readers are encouraged to read through Chapter 6 before making any final compliance decisions.

3.2  Distribution System Best Management Practices

Many water quality problems can be addressed by implementing best management
practices (BMPs) for the distribution system. Many of these BMPs are directed at minimizing
the hydraulic residence time (HRT) of the water in the distribution system. Others are aimed at
maintaining appropriate disinfectant residuals while minimizing disinfectant demand. These
BMPs are described in more detail in the Draft Significant Excursion Guidance Manual (USEPA
2003c), in the AWWAREF report, Guidance Manual for Maintaining Distribution System Water
Quality (Kirmeyer, 2000b), and in the new AWWA publication, Distribution System Water
Quality Challenges in the 21st Century — A Strategic Guide (AWWA 2005b). While these
BMPs can be particularly effective for systems using free chlorine for residual disinfection, they
can aid any system.

BMPs for the distribution system include the following:

e Overall strategy to reduce HRT in distribution system

e Improving mixing in storage facilities to eliminate stagnant zones
e Minimizing the average HRT in finished water storage facilities
e Decommissioning excess storage

e Minimizing HRT and disinfectant demand in pipes through physical system changes
and flushing

e Booster disinfection
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Overall Strategy to Reduce HRT in Distribution System

As water travels through the distribution system, chlorine continues to react with NOM to
form DBPs. In addition to higher DBP concentrations, excessive water age can result in other
water quality problems including reduced levels of residual chlorine, reduced effectiveness of
chlorine residual through formation of organochlorine compounds, increased microbial activity,
nitrification, and taste and odor problems. Water systems should develop an overall strategy to
manage the water age in their distribution systems. Water age can be controlled through a
variety of techniques including management of finished water storage facilities, flushing of
piping in the distribution system, looping of dead-ends, re-routing of water by changing the
settings on valves, and using blow-offs to move water. The next several sections provide more
detailed steps systems can take as part of this overall strategy.

Improving Mixing in Storage Facilities

Improving mixing in finished water storage facilities can help eliminate stagnant zones.
Old water in stagnant zones can often have very high DBPs and no or low disinfectant residual.
This water can be released into the system during periods of high demand. Mixing can be
improved by increasing inlet momentum, changing the inlet configuration, increasing the fill
time, and by installing mixing devices within the storage facility. Hydraulic experts should be
consulted to determine which of these strategies will work for a given tank design and
configuration.

Minimizing the Average HRT in Storage Facilities

Increasing volume turnover reduces the average HRT in finished water storage facilities,
thereby reducing DBP formation. This BMP can also reduce disinfectant loss and microbial
growth. Turnover can be accomplished by increasing the water level fluctuation or drawdown
between fill and draw cycles. Increasing the number of cycles per day may help if the cycles are
deep into the facility and not minor fluctuations. Converting tanks to hydraulic plug-flow
conditions and eliminating common inlet/outlet configurations can also reduce average HRT.

Decommissioning Excess Storage

Decommissioning excess storage may also be an appropriate strategy if finished water
storage facilities are oversized and not needed for emergency conditions or for maintaining
system pressure. Removing excess storage facilities that retain water for long periods can help
reduce overall system water age.

Minimizing HRT and Disinfectant Demand in Pipes

Minimizing the HRT in pipes can help reduce the time available for DBP formation,
although it is possible for an increase in HAAS to occur because of less biological degradation.
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Reducing HRT can also minimize disinfectant residual loss and allow systems to use a lower
overall residual concentration, thereby reducing DBPs. Systems can reduce HRT and
disinfectant loss through physical system improvements such as looping dead ends, installing
blow-offs, and replacing oversized pipes. These can be expensive, however, and cost prohibitive
for some systems. HRT can also be reduced through flushing, particularly if it is targeted at
areas with very long residence times.

Systems can reduce the disinfectant residual demand by replacing, cleaning, or lining cast
iron pipes with materials that are less prone to microbial growth or have less potential for
consuming oxidants. Chlorine demand can also be reduced through unidirectional flushing
programs, aimed at removing sediment and scale from the system that would otherwise exert a
disinfectant demand.

Booster Disinfection

In certain instances, booster disinfection can reduce DBP formation by allowing the
disinfectant residual to be lowered at the plant and boosting disinfectant only in those areas
where it is necessary to maintain an adequate residual. This BMP can reduce DBPs at the plant
and throughout the system.

3.2.1 Advantages of Distribution System BMPs
The main advantages of distribution system BMPs are that many are relatively cost
efficient ways to control DBPs in the distribution system and can be implemented in a short time

without the need for major treatment plant improvements. Other advantages to using distribution
system BMPs may include:

e Target specific problem areas rather than the entire system

Improve microbial control as well as reduce DBP formation

Improve chlorine residual maintenance
Distribution System BMPs can be a

e Reduce corrosion relatively cost efficient way to
control DBPs in the distribution
¢ Reduce nitrification system.

Target Specific Problem Areas

Many of the BMPs such as flushing, booster disinfection, pipe lining and replacement, and
those dealing with finished water storage facilities can target specific problem areas rather than
apply a solution to the entire system. This can lead to lower DBPs throughout the system.
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Improve Microbial Control

In additional to reducing DBP formation, most BMPs will improve microbial control by
helping to maintain a disinfectant residual and/or reducing biofilms and sediments that encourage
biological growth. Improved microbial control can result in fewer Total Coliform Rule (TCR)
violations, fewer violations of the Surface Water Treatment Rule (SWTR) requirement to
maintain a disinfectant residual, and less potential for microbiologically-induced corrosion.

Improve Chlorine Residual Maintenance

Long hydraulic residence times, microbial growth, and corrosion products will all deplete
the disinfectant residual. The BMPs seek to reduce these factors and will therefore result in
higher and more consistent residuals throughout the distribution system.

Reduce Corrosion

Corrosion can cause Lead and Copper Rule (LCR) compliance problems, aesthetic
problems, and may eventually lead to leaks that can be sources of contamination to the system.
Corrosion of cast iron pipes can provide a habitat for microorganisms and increase the likelihood
of TCR violations. Some BMPs, such as pipe replacement or lining, can reduce corrosion.

Reduce Nitrification

The occurrence of nitrification in chloraminated systems can be reduced through the use of
distribution system BMPs. Reducing water age and controlling microbial growth will help
reduce nitrification episodes. Reducing chlorine demand will slow the decay of chloramines and
provide less free ammonia for nitrification.

3.2.2 Potential Operational and Simultaneous Compliance Issues Associated with
Distribution System BMPs

Challenges of implementing the BMPs depend largely on the specific BMP. Examples of
some of these challenges include:

e Re-suspension of sediments

e Issues with disposal of disinfected water
e Lining materials leaching into the water
e Less storage available for emergencies

e Increased water loss
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Flushing Can Stir Up Sediments

Some BMPs such as increasing storage pumping rates, using blow-offs, or flushing of
pipes can cause re-suspension of sediments that had settled in the storage facilities or pipes.
Sediments can also accumulate in storage tanks, and increasing drawdowns can resuspend the
sediments. These sediments can cause temporary aesthetic complaints and may also contain
microbes or particulate metals such as lead, copper, and iron.

Recommendations for Addressing this Issue

A properly implemented flushing program can remove the sediments from the pipes and
can result in a positive long term impact. There are many references listed in the Section 7.5,
Distribution System Management, that can that can be used to plan, design, implement, and
monitor a good flushing program that removes sediment from the system and minimizes
aesthetic problems (AWWA 2002b, AWWA 2005b, Kirmeyer et al., 2000b).

Issues with Disposal of Disinfected Water

Utilities flushing their distribution systems should be aware of state or local regulations
on disposal of chlorinated or chloraminated water. If flushed water flows directly into natural
waters, systems should consider removing the disinfectant chemicals prior to discharge to protect
the aquatic environment.

Recommendations for Addressing this Issue

The AWWAREF report, Guidelines for the Disposal of Chlorinated Water (Tikkanen, M.
et al. 2001) provides information on dechlorination techniques in use by water systems. Some
utilities use straightforward field methods such as a bag filled with a de-chlorinating agent placed
in the flowing water, while other systems have sophisticated metering and storage equipment
installed in trailers.

Lining Materials Can Leach Into Water

Some lining materials can leach chemicals into the water if not properly handled or
applied.

Recommendations for Addressing this Issue

It is important to make sure the lining material has been independently certified against
NSF/ANSI Standard 61. Manufacturers' instructions and appropriate standards should be
followed in lining the pipe and returning it to service as well. In addition to following the
certifying agency’s and manufacturer's recommendations, many utilities will conduct their own
water quality tests for compounds of interest including VOCs and taste and odor causing
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compounds before a new lining is returned or released to service.
Less Storage Available for Emergencies

Removing finished water storage facilities from service, while reducing DBPs and
improving microbial control, can result in less storage available for emergencies such as drought,
earthquakes, main breaks, firefighting, etc. To a lesser extent, some of the other finished water
storage BMPs can also reduce the amount of storage available for such events.

Recommendations for Addressing this Issue

Before changes are made to finished water storage, an analysis should be made of system
demand and pressure needs and fire flow requirements. This analysis should review appropriate
fire ordinances to determine the amount needed. In addition, emergency storage requirements
need to be addressed. Hydraulic models in combination with source planning can help determine
the amount of water to be maintained in storage in various parts of the system. Section 6.3
identifies several hydraulic models that may be helpful.

Increased Water Loss

Flushing programs will lead to a loss of water. This is an added expense and could be
troublesome in areas where sufficient water supply is a concern.

Recommendations for Addressing this Issue

The advantages of system flushing often outweigh the cost of lost water. Systems may,
however, want to minimize water loss through careful design of the flushing program.
Examining customer complaint and water quality records can help to focus flushing to the areas
and times where they are most needed.

3.2.3 Recommendations for Gathering More Information
See Additional References

Readers can turn to Section 7.1.5 in Chapter 7 for technical references associated with
implementing distribution system BMPs.

Consider Additional Monitoring

The following are some suggestions for additional monitoring that may benefit water
systems implementing distribution system BMPs:
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v Routine chlorine residual and heterotrophic plate count (HPC-R2A) measurements in

water leaving storage tanks and other distribution system locations with long
residence times and in chloraminated systems. Online chlorine analyzers at storage
facilities can be helpful as well.

v" Increased total coliform, HPC, chlorine residual, and turbidity measurements in

distribution system locations in areas being flushed.

v’ Periodic monitoring of pipe metals (e.g., iron if cast iron pipes are used, lead if lead

solder is used) in distribution system regions where corrosion is suspected.

v Monitoring of pertinent chemicals and odor downstream of pipes that have been

recently lined or replaced.

Consider Other Tools

In addition to water quality monitoring, there are additional tools available in Chapter 6 to help
systems evaluate and improve their current water system in relation to the compliance issues they
may face when modifying their operation or treatment practices. Examples of tools that can be
used when distribution system best management practices are used for Stage 2 DBPR
compliance include:

Computer hydraulic and water modeling software, such as EPANET (U.S. EPA
2002b), that can be used to simulate hydraulic detention time and water quality in the
distribution system

The AWWA manual “Computer Modeling of Water Distribution Systems” (AWWA
2004a) that provides step-by-step instructions for the design and use of computer
modeling for water distribution systems

The “Stage 2 DBPR Initial Distribution System Evaluation Guidance Manual” (U.S.
EPA 2006a) that provides distribution system water quality monitoring requirements
for the Stage 2 DBPR and can be used to identify locations that tend to have high
DBP levels

The AwwaRF report, “Guidance Manual for Monitoring Distribution System Water
Quality” (Kirmeyer 2002) which can be used to assist water utilities in implementing
a distribution system water quality data collection and analysis program

Readers are encouraged to read through Chapter 6 before making any final compliance decisions.
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3.3  Moving the Point of Chlorination

At conventional surface water treatment plants, chlorine can be added for prechlorination
at either the raw water intake or flash mixer, for intermediate chlorination ahead of the filters, for
postchlorination at the clearwell, or for rechlorination of the distribution system. While
inactivation of pathogenic organisms is its primary function, chlorine is used in drinking water
treatment for several other purposes, including:

Control of nuisance Asiatic clams and zebra mussels
Oxidation of iron and manganese

Improved coagulation

Taste and odor control

Preventing algal growth in sedimentation basins and filters
Removing color

Exhibit 3.1 summarizes the typical uses for each point of chlorine application

Exhibit 3.1 Typical Chlorine Points of Application and Uses

Point of Application Typical Uses

Raw Water Intake Zebra mussel and Asiatic clam control, control
biological growth

Flash Mixer or Rapid Mix (prior to sedimentation) | Disinfection, iron and manganese oxidation,
improved coagulation®, taste and odor control,
oxidation of hydrogen sulfide, algae control

Filter Influent Disinfection, control biological growth in filter,
iron and manganese oxidation, taste and odor
control, color removal

Filter Clearwell Disinfection, disinfectant residual

Distribution System Maintain disinfectant residual

Source: Alternative Disinfectants and Oxidants Guidance Manual, USEPA 1999b.
'Not included as a typical use in the above reference, but documented by research

Public water systems with conventional treatment might consider moving the application
point for chlorine downstream within the plant to a point after DBP precursors have been
removed. Depending on the treatment plant, THM formation potential can be decreased by up to
50 percent as a result of precursor removal during coagulation and sedimentation (Singer and
Chang 1989).
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3.3.1 Advantages of Moving the Point of Chlorination
By moving the point of chlorination downstream in the treatment process, a PWS can:
e Reduce DBP concentrations in the finished water
e Reduce amount of disinfectant used
e Facilitate monthly TOC source water monitoring
Reduces DBPs

Summers et al. (1996) presented the results from four studies evaluating the impact of
pretreatment on DBP formation. Jar tests were conducted to simulate water treatment through
rapid mix, coagulation, flocculation, and sedimentation. Chlorine was added at various points in
the jar testing to simulate the impact of various dose points on production of DBPs. The results
demonstrate the benefits of delaying the point of chlorination downstream in the treatment train
to take advantage of precursor removal during flocculation and sedimentation processes. Exhibit
3.2 summarizes the results from this study.

Exhibit 3.2 Percent Reduction in DBP Formation by Moving Point of Chlorination

Chlorination Point TTHM TTHM HAAS HAAS
Baseline (%) Enhanced (%) Baseline (%) Enhanced (%)

Pre rapid mix Baseline 17 Baseline 5
Post rapid mix 2 21 5 21
Mid flocculation 9 36 14 36
Post sedimentation 21 48 35 61

Notes: Source: USEPA 1997 based on Summers et al. 1996
Baseline = Baseline coagulant (alum) dose for optimal turbidity removal (030 mg/L)
Enhanced = Enhanced coagulant (alum) dose for optimal TOC removal (O 52 mg/L)

Exhibit 3.2 also includes a comparison of total trihalomethane (TTHM) and haloacetic
acid (five) (HAADb) concentrations when enhanced coagulation was used, and the benefits of
enhanced coagulation for reducing DBP production. The TTHM formation reduction of 21
percent by moving the chlorination point to post sedimentation is more than doubled to 48
percent by enhanced coagulation. The reduction in HAAS formation increases from 45 to 61
percent under enhanced coagulation with post sedimentation chlorination. Therefore, DBP
control by selecting the optimal dose location and conditions, along with enhanced precursor
removal, can significantly reduce DBP formation. For a more detailed discussion of enhanced
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coagulation and its simultaneous compliance issues, refer to Section 3.7 of this manual.
Reduces Amount of Disinfectant Used

If a system moves its point of chlorination downstream after a significant amount of
organic matter has been removed, the chlorine demand of the water will be lower. In some
cases, the system may be able to take advantage of the reduced chlorine demand to reduce the
overall chlorine dose needed to achieve the required CT. The system would benefit not only in
reduced chemical costs, but may also reduce operational costs if they decrease their number of
chlorine injection points.

Facilitates Source Water TOC Monitoring

The Stage 1 D/DBPR requires surface water systems (or systems using ground water
under the direct influence of surface water) using conventional filtration treatment to monitor
each treatment plant for TOC. Systems are required to collect TOC samples from the source and
the finished water. Source water TOC samples must be collected prior to any treatment,
including chlorination.

Some PWSs that are required to conduct TOC sampling prechlorinate at or near the
source water intake. These systems currently have to turn off their chlorination in order to
collect a proper source water TOC sample. Although it’s a minor benefit of moving chlorination
downstream in the treatment process, those systems would no longer have to turn off their
chlorination in order to collect their source water TOC sample.

3.3.2 Potential Operational and Simultaneous Compliance Issues Associated with Moving
the Point of Chlorination

Many PWSs benefit from other functions of prechlorination in addition to its use as a
disinfectant. Chlorine can oxidize iron and manganese, improve coagulation, enhance color
removal, improve taste and odor, as well as control biological growth at different stages of
treatment. Because it has several other functions, some PWSs may find that there are drawbacks
to moving the point of chlorination further downstream in the treatment process. Moving the
point of chlorination further downstream in the treatment process can:

e Reduce CT and thus decrease disinfection effectiveness

e Increase filter fouling

e Limit Asiatic clam or zebra mussel control

e Limit coagulation and filtration effectiveness
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e Provide less effective treatment for iron and manganese

e Affect pH of water being treated, possibly requiring adjustment of water
treatment chemistry

e Require a higher disinfectant dosage to meet CT requirements downstream
This section discusses these issues and provides some recommendations for addressing them.
Reduces CT

Disinfection effectiveness is measured in terms of CT (concentration x contact time). If a
PWS receives CT credit for contact time prior to filtration and then moves its point of
chlorination further downstream in the treatment process, which system may have to adjust its C

to accommodate reduced T.

Recommendations for Addressing this Issue

Systems should examine hydraulic conditions and maximize contact time where possible.
Clearwells can be modified (e.g., baffling and/or improved inlet and outlet structures added) to
improve their hydraulic performance. Constructing additional storage or dedicated disinfection
contact basins can also increase CT.

A water system should evaluate the CT that it can achieve downstream of the new
application point to ensure that sufficient CT can be maintained once the point of chlorination
has been moved. The evaluation should be done for the organism for which the disinfectant is
least effective. A system may also want to break up its CT segments into smaller segments. For
example, if the section from the raw water intake until the filters had been considered as a single
section for performing CT calculations and the point of chlorination is moved until after the
flocculation basin, a system can still receive some credit for section between the flocculation
basin and the filters. See the Disinfection Profiling and Benchmarking Guidance Manual
(USEPA 1999a) for more details on calculating CT and using segments. This evaluation should
review seasonal impacts on CT (e.qg., cold water conditions when higher CT values are needed or
if the water’s pH increases during algae blooms in the warmer water months).

DRAFT - DO NOT CITE OR QUOTE 3-21 JUNE 2006



O©CoOoO~NO UL WN P

M-DBP SIMULTANEOUS COMPLIANCE GUIDANCE MANUAL 3 IMPROVING OPERATIONS

Potential for Increased Filter Fouling

Prechlorination is often used to minimize operational problems associated with biological
growth in water treatment plants. Prechlorination can prevent slime formation on filters, pipes,
and tanks, and reduce potential taste and odor problems associated with such slimes. It can also
prevent algal growth which can clog filters and cause turbidity problems. Many sedimentation
and filtration facilities operate with a small chlorine residual to prevent growth of algae and
bacteria in the launders and on the filter surfaces.

Recommendations for Addressing this Issue

If a system is concerned about the potential for algal growth and filter fouling after
prechlorination is stopped, there are alternatives the system can consider. If chlorine is being
added before the coagulation and flocculation steps, operators may want to consider moving the
chlorination point so that it follows these steps but comes before filtration. Adding chlorine
immediately before the filters may be an effective way for the system to prevent filter fouling,
yet not allow the chlorine to come into contact with the water when the water still contains
unsettled DBP precursors (see case study No. 1 in Appendix B).

Systems may be able to eliminate the
prechlorination step at certain times of the year, Adding chlorine immediately
and return to prechlorination when microbial before the filters may be an
fouling is more likely to occur during the effective way for the system to
treatment process, such as when there is algal prevent filter fouling from
growth in the source water. They may also biological growth.
consider continuing to prechlorinate, but

adjusting the prechlorination dose depending on
source water conditions or water temperature.

Lastly, a system may consider using an alternative preoxidant, such as potassium
permanganate or chlorine dioxide. These oxidants can provide benefits similar to chlorine in
terms of iron, manganese, or algae control without forming significant amounts of TTHM or
HAADBG. They can also reduce chlorine demand before chlorination is applied. Readers should
refer to the Alternative Disinfectants and Oxidants Guidance Manual (USEPA 1999b) for more
information.

Asiatic Clam and Zebra Mussel Control

The Asiatic clam (Corbicula fluminea) was introduced to the United States from
Southeast Asia in 1938 and now inhabits almost every river system south of 40° latitude (Britton
and Morton 1982, Counts 1986). This mollusk has invaded many source waters, clogging source
water transmission systems and valves, screens, and meters; damaging centrifugal pumps; and
causing taste and odor problems.
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The zebra mussel (Dreissena polymorpha) population in the United States has expanded
very rapidly. Zebra mussels have been found in the Great Lakes, Ohio River, Cumberland River,
Arkansas River, Tennessee River, and the Mississippi River south to New Orleans (Lange 1994).

Many PWSs add chlorine at their intakes to control Asiatic clam and zebra mussel
growth. For those systems with intakes a significant distance from their treatment plants,
prechlorinating for zebra mussel control may allow a substantial amount of time for TTHM or
HAADS formation prior to any precursor removal process.

Recommendations for Addressing this Issue

Systems that add chlorine to control Asiatic clams and have problems with elevated
TTHM or HAAS concentrations may want to consider using an alternative oxidant, such as
monochloramine or chlorine dioxide, to control clam growth in their systems. If
monochloramine is used, water systems using the monochloramine to also satisfy CT
requirements will need to perform a disinfection benchmark, bearing in mind that the CT
required for viral inactivation using chloramines is substantially greater than that for chlorine,
and should ensure that adequate disinfection is being provided after switching disinfectants.

Cameron et al. (1989) compared the
effectiveness of free chlorine, potassium Monochloramine was found to
permanganate, monochloramine, and chlorine work well for controlling juvenile
dioxide for controlling the juvenile Asiatic clam. clams without forming DBPs.

Monochloramine was found to be the best for
controlling juvenile clams without forming DBPs. Further research showed that the
effectiveness of monochloramine increased greatly as the temperature increased (Cameron et al.
1989). Belanger et al. (1991) showed that pre-formed monochloramine with excess ammonia
was more effective for controlling Asiatic clams than either total residual chlorine,
monochloramine, bromine, or copper. Chlorination at 0.25 to 0.40 mg/L total chlorine residual
at 20 to 25° C controlled clams of all sizes, but the same dosage had minimal effect at 12 to 15°
C.

Systems with elevated DBPs may also want to consider using an alternative zebra mussel
control strategy. Permanganate has been found to be effective for zebra mussel control and has
been used. Chlorine dioxide and ozone have shown promise as effective oxidants that can be
used for zebra mussel control. Antifouling coatings can work by slowly releasing into the water
a toxic substance, often an organo-metallic compound that prevents the zebra mussel larvae from
settling on the pipes. PWSs should check with their State if they are considering a chemical
control method, to make sure that the chemical is approved for use in a drinking water supply.
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There are many other approaches to zebra mussel control being developed and tested.
These methods include:

the use of electrical fields to Kkill veligers (zebra mussel larvae)
ultrasonic treatment to prevent settlement

oxygen deprivation

sand infiltration beds

thermal control (AWWA 2003c)

In addition, some polymers have been tested recently that show promise.
Coagulation and Filtration Effectiveness

Research has shown that using a preoxidant ahead of coagulation can have a positive
effect on coagulation and filtration with respect to particle removal (Becker et al. 2004). By
moving chlorination to a point after filtration, a water system may find that it needs to develop
new strategies for turbidity and particle control.

Recommendations for Addressing this Issue

Water systems moving chlorination to a point after filtration that can no longer achieve
low filter effluent turbidity values or particle counts may want to consider using a preoxidant
other than chlorine to improve filter performance. The strongest preoxidants have shown the
maximum benefit to filtration, so a system can achieve similar benefits by applying chlorine
dioxide or ozone. Systems that choose to do this should consult the Section 5.4 (chlorine
dioxide) or Section 5.2 (ozone) of this guidance manual to determine possible effects of these
steps.

Iron and Manganese Control

Although not harmful to human health at the low concentrations typically found in water,
iron and manganese can cause staining and taste problems. Iron and manganese compounds are
treated by oxidation to produce a precipitate that is subsequently removed by sedimentation and
filtration. Systems with high manganese levels should also be aware that a manganese coating
may have developed on their filters when pre-oxidation was practiced. This layer could dissolve
if pre-oxidation is no longer practiced and/or the pH drops (Angara et al 2004).

Recommendations for Addressing this Issue

Systems should be careful to consider how eliminating prechlorination may impact other
removal mechanisms during the treatment process. Some may be able to use and alternative
oxidant or reduce their prechlorination dose if the chlorine dose required for iron or manganese
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removal is lower than what is currently being added. The oxidation of iron and manganese can
usually be accomplished while maintaining a minimum residual. Potassium permanganate is an
effective alternative oxidant to chlorine for iron and manganese oxidation and does not result in
TTHM or HAAS formation. Various alternatives are discussed in greater detail in the
Alternative Disinfectants and Oxidants Guidance Manual (USEPA 1999b) and the Guidance
Manual for Enhanced Coagulation and Precipitative Softening (USEPA 1999h).

Problems with a Change in pH

_ ) o Impacts of pH changes on
Moving the point of chlorination or compliance and operational
eliminating prechlorination may result in a change in | jssues associated with pH are
water pH. Adding gaseous chlorine decreases described in Section 3.4.
water’s pH, whereas adding hypochlorite increases
water’s pH.

Recommendations for Addressing this Issue

Water systems that use a coagulant should consider whether the elimination of
prechlorination and the resulting change in pH would require the system to adjust its coagulant
dose or add other chemicals to control pH. Systems with corrosion control should also consider
whether a pH change due to the elimination of prechlorination would require the system to alter
its corrosion control chemical dose. Impacts of pH changes on compliance and operational
issues are described in Section 3.4.

Problems with MRDL Compliance

If prechlorination is reduced or eliminated and contact time is decreased, CT can be
increased by raising the residual concentration through the disinfection zone. If this approach is
taken, high disinfectant residuals may persist into the distribution system. A public water
system, however, must maintain disinfectant residual concentrations that meet the MRDL
requirements of the Stage 1 D/DBPR. The running annual average (RAA) of the free chlorine
residual measured in the distribution system must not exceed the 4.0 mg/L MRDL. Also, if the
chlorine residual in the delivered water is increased, the number of customers that will notice a
chlorinous odor may increase and generate more frequent customer complaints.

3.3.3 Recommendations for Gathering More Information
Read the Case Study

For more information on simultaneous compliance issues associated with moving the
point of chlorination and how to address them, see Case Study #1 - Moving the Point of

Chlorination starting on page B-3 of Appendix B. This case study describes how two small
PWSs with high THM concentrations were able to comply with the requirements of the Stage 1
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D/DBPR and Stage 2 DBPR by adjusting their coagulation methods and changing the point of
chlorination, while also optimizing distribution operations to minimize water age and optimizing
booster chlorine use. Their greatest operation issue was a need for increased attention to solids
removal as a result of enhanced coagulation.

See Additional References

Readers can turn to Sections 7.1.1, 7.1.2, and 7.1.6 in Chapter 7 for technical references
associated with moving the point of chlorination.

Consider Additional Monitoring

The following are some suggestions for additional monitoring that may benefit water
systems moving their point of chlorination:

v Water systems that reduce or eliminate prechlorination should carefully review pH
data to ensure that treatment processes and materials will not be adversely affected.

v’ Systems with the potential for iron or manganese problems that move, reduce, or
eliminate prechlorination should consider monitoring for those metals at the entry
point to the distribution system. Those systems with clearwells and long residence
times may want to check whether iron or manganese solids are accumulating in the
clearwell.

v Customer complaint monitoring can be traced along with color and taste and odor
evaluations to make sure aesthetic quality has not been lost.

v The impact of algal blooms on sedimentation and filter performance can be tracked
by measuring turbidity and/or particle counts before and after filtration.

Consider Other Tools

In addition to water quality monitoring, there are additional tools available in Chapter 6
to help systems evaluate and improve their current water system in relation to the compliance
issues they may face when modifying their operation or treatment practices. Examples of tools
that can be used when moving the point of chlorination is used as a Stage 2 DBPR compliance
technique include:

e The AwwaRF report “Internal Corrosion of Water Distribution Systems” (AWWARF
and DVGW-Technologiezentrum Wasser 1996) which provides bench-scale and pilot
testing protocols that can be used to evaluate the impacts of pH changes on corrosion
potential. Such pH changes may occur if a utility switches disinfectants
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e The paper “Predicting the Formation of DBPs by the Simulated Distribution System”
published by Koch et al. (1991) can be used to predict the amounts of DBPs that
would form in a distribution system. Key parameters (including chlorine dosage,
incubation temperature, and incubation holding time) are chosen to simulate the
conditions of the treatment plant and the distribution

e The second version of “Water Treatment Plant Model” (U.S. EPA. 2001h.) developed
by USEPA that assists utilities with implementing various treatment changes while
maintaining adequate disinfection and meeting the requirements of the Stage 2
DBPR.

Readers are encouraged to read through Chapter 6 before making any final compliance decisions.

3.4  Decreasing pH

Pathogen inactivation by chlorine is affected by Pathogen inactivation by
pH. This is because the germicidal efficiency of chlorine depends on pH.
hypochlorous acid (HOCI) is much higher than that of

hypochlorite ion (OCI 7), and the distribution of chlorine species between HOCI and OCI~ is
determined by pH. Because HOCI dominates at low pH values (< 7.5), chlorination provides
more effective disinfection at low pH. At high pH values (> 8.0), OCI ~ dominates, which
causes a decrease in disinfection efficiency.

Public water systems can reduce their pH to increase disinfectant efficiency, enabling
them to lower their disinfectant dose and still achieve the same amount of disinfection, thereby
potentially limiting DBP formation. The system may want to raise the pH again before it enters
the distribution system to avoid corrosion problems within the distribution system.

pH can also impact the reactions between chlorine and NOM, resulting in conditions that
favor either TTHMs or HAAS formation. At higher pH, more THMs tend to be formed. Lower
pH tends to favor HAA formation. This information can be used by systems to influence TTHM
or HAAGS formation at the plant or in the distribution system by controlling the pH. Systems that
have high TTHM levels but relatively low HAA5 may be able to reduce TTHM formation by
lowering pH. However, these systems will need to pay special attention to corrosion issues.

3.4.1 Advantages of Decreasing pH
Advantages to decreasing pH include:

e The same CT can be achieved with a lower disinfectant dose
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e Can reduce formation of some DBPs
Same CT Can Be Achieved with Lower Disinfectant Dose

Virus inactivation studies have shown that 50 percent more contact time is required at pH
7.0 than at pH 6.0 to achieve comparable levels of chlorine inactivation. These studies also
demonstrated that an increase in pH from 7.0 to 8.8 or 9.0 requires six times the contact time to
achieve the same level of virus inactivation (Culp and Culp 1974).

Exhibit 3.3 uses the required CT values in the National Primary Drinking Water
Regulations to show how a PWS complying with the CT requirements for water at a higher pH
value could reduce its pH and decrease its free chlorine residual. For example, at 10°C, pH 7.0
and 1.0 mg/L free chlorine, a water system would need a minimum CT of 112 to achieve 99.9
percent inactivation of Giardia lamblia cysts. If the water temperature were to stay the same but
the water's pH were reduced to 6.5, a minimum CT of 94 would be needed to achieve 99.9
percent Giardia inactivation. Exhibit 3.3 shows that a water system that had been in compliance
with CT requirements for pH 7.0 could reduce its free chlorine residual from 1.0 to 0.6 mg/L and
still have enough CT to satisfy the CT requirement if they reduced their pH to 6.5.
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Exhibit 3.3 Impact of pH on Giardia lamblia CTggg at 10°C Using Free Chlorine
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A 0.6 mg/L
1.0 mg/L
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I 'pH:7.0, free Cl,, =1.0 mg/L, CT = 112 mg-min/L
107 fermrmrmrmemimemimom =) pH=7.0, free Cl, = 0.6 mg/L, CT =107 mg-min/L
100 -
Q4= === lpH:6.5, Cl, =1.0mg/L, CT required is 94 mg-min/L
- A water system satisfying CT requirements for 1.0 mg/L

free Cl, at pH7.0 would have enough CT to satisfy CT
requirements for 0.6 mg/L free Cl, at pH6.5.

Free ChlorineGiardia lamblia CT at 10 degrees C

pH

Adapted from CT tables in 40 CFR 141.74 National Primary Drinking Water Regulations

Can Reduce DBP Formation

The pH of water can impact the formation of halogenated byproducts (Reckhow and
Singer 1985, Stevens et al. 1989). Exhibit 3.4 compares formation of byproducts at three pH
levels (adapted from Stevens et al., 1989). Note that TTHM show generally lower formation at
the lowest pH level. The formation of HAAS, however, generally increases at lower pH levels.
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Exhibit 3.4 Impacts of pH on Formation of DBPs

Conditions of Formation

Byproduct . . L
yp Chlorination at pH Chlorination at pH Chlorination at pH
5.0 7.0 9.4
TTHM Lower Formation Basis for Comparison | Higher Formation

Trichloroacetic Acid

Similar Formation

Similar Formation

Lower Formation

(one of the HAAb)

Dichloroacetic Acid Similar Formation - perhaps slightly higher at pH 7

(one of the HAAS)

Source: adapted from Stevens et al. 1989

Other studies show that limiting pH levels in the distribution system to less than 8.2 may
help to limit TTHM formation (Edwards and Reiber 1997). Four LCR compliance strategy case
studies showed that TTHM increases were less than 20 percent if the pH shift implemented for
lead and/or copper corrosion control was near neutral (7.0) to less than 8.2. When the pH was
shifted from near neutral to greater than 8.5, TTHM production increased as much as 40 percent.
At one plant, TTHM increases due to pH adjustment ranged from 2 percent at a pH of 8.1 to 43
percent at a pH of 8.7. HAA production was shown to decrease about 10 percent for all of the
pH increases implemented (Edwards and Reiber 1997).

3.4.2 Potential Operational and Simultaneous Compliance Issues Associated with
Decreasing pH

Potential issues associated with reducing pH to enhance chlorine disinfection include:
e May increase HAA5 formation

e Can adversely affect treatment plant structures and coatings (i.e., corrosion of
pipes, tanks, etc.)

e Can affect treatment chemistry, sludge dewatering, and inorganic solubility
e Can cause problems with corrosion control and LCR compliance

e If chlorine dose is reduced during primary disinfection, it may be difficult to
maintain secondary disinfection levels throughout the distribution system.
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HAA5 May Increase

Lower pH conditions may result in higher HAAS concentrations. Reckhow and Singer
(1985) studied humic acid chlorination in laboratory tests and found that trichloracetic acid
concentrations reached a maximum when the water was in the acidic pH range. When pH levels
were increased, trichloroacetic acid concentrations decreased and chloroform (a key component
of TTHM) concentrations increased. Other studies, such as Stevens et al. (1989), have not found
comparable increases in HAA5 concentrations when pH levels decreased from neutral to slightly
acidic.

Recommendations for Addressing this Issue

In general, pH values in distribution systems are unlikely to fall in the acidic range given
the requirements of the Lead and Copper Rule and good corrosion control practices. Systems
can conduct simulated distribution system (SDS) studies to simultaneously evaluate impacts of
pH adjustment on both TTHM and HAAS formation. The results of these bench-scale tests can
help identify the optimal pH for balancing the need to control both TTHM and HAADS.

Systems can also evaluate pH fluctuation trends throughout their distribution systems.
For poorly buffered waters, the pH can tend to drift upward as the water reacts with cement-lined
pipes. Increases in pH throughout the distribution system would tend to favor TTHM formation
and reduce HAADS formation.

Adverse Effects on Treatment Plant Materials

If pH levels are lowered to enhance disinfection, components of the treatment plant may
be adversely affected by the acidic conditions. Metal components of the plant may corrode;
plastic or rubber components may deteriorate more quickly; cement/concrete leaching and
deterioration may be exacerbated.

Recommendations for Addressing this Issue

Systems should evaluate the effects of decreased pH on treatment plant components, such
as pipes and linings. Based on their evaluation, systems should adjust the:

e maintenance schedules,
e materials, or
e point of pH adjustment

so that the chances of leaks, leaching, or equipment failure are minimized.
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Adverse Effects on Treatment Chemistry, Inorganics Solubility, Settling, and Sludge Dewatering

Reducing the water pH can cause problems with increased solubility of inorganics, and
may result in increased iron and manganese levels. Lower treated water pH can also result in
recalcification of lime-softened waters, resulting in increased turbidity. Variation of pH levels
can affect treatment chemistry and impact settling and sludge dewatering. System operators
should carefully consider the impacts of pH adjustment before implementing such a significant
change to their treatment process.

Manganese is typically removed from water using direct oxidation/coagulation/filtration
or filter adsorption/oxidation (i.e., green sand). Chlorine is sometimes used for the oxidation
step of this process. A low pH hinders the direct oxidation process because the rate of
manganese oxidation increases as pH increases. Therefore, systems using chlorine or potassium
permanganate for manganese oxidation should be aware that, if the pH is reduced before
manganese oxidation, more time may be needed for the manganese to be removed.

The minimum solubility of aluminum occurs at a pH of 6.2 to 6.5. Those water systems
that use alum as a coagulant and operate at a pH of less than 6.0 that do not increase their pH
before filtration may be impacted by the solubility of aluminum at this low pH. If the pH is not
adjusted before filtration, aluminum carryover problems may result.

Recommendations for Addressing this Issue

Systems with high manganese levels that lower the pH prior to filtration may want to
consider using an oxidant that is less pH dependent to oxidize manganese, such as ozone.
Alternatively, a system could choose to lower the pH after oxidation and filtration.

Systems using alum as a coagulant can adjust pH to greater than 6.5 before the filters to
avoid aluminum passing into the distribution system.

Corrosion Control and LCR Problems

A lower pH in the distribution system can increase corrosion of cement linings and iron
pipe. It can also favor corrosion of lead and copper plumbing, causing LCR compliance
problems. Corrosion of unlined cast iron water mains
can favor microbial regrowth, which can affect TCR
compliance.

A pH change can disrupt
distribution system surfaces
causing aesthetic problems
or the release of inorganic

Any changes in the pH levels historicall
y g P y contaminants and microbes.

maintained in a distribution system can disrupt films
and scales that have accumulated on natural corrosion
surfaces. These films and scales have formed over long periods of time and may be helping to
passivate the corrosion process from further development. A pH change can disrupt these
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surfaces, releasing inorganic contaminants as well as microbes and organic carbon trapped in the
films and scales. Although the disruption of films or scales in the distribution system may not
result in a direct violation of either the DBP or microbial rules, the disruption could cause
aesthetic problems or the release of microbes. Disruption of scale can also cause maintenance
problems in utility facilities such as tanks, valves and pumps, as well as in customer sprinkler
systems and commercial facilities.

Recommendations for Addressing this Issue

If pH is lowered during disinfection, systems should consider adjusting pH upward and
possibly adjusting alkalinity before the water enters the distribution system to reduce corrosion
of pipe materials. If finished water pH is reduced, the system should consider other corrosion
control strategies.

Systems can control corrosion by optimizing pH,
alkalinity, and dissolved inorganic carbon (DIC).
Another alternative is to add a corrosion inhibitor that is
phosphate- or silica-based to form a protective coating
on pipes. Some utilities, however, have elected not to

Water systems should carefull ;o
research the implications of
using a corrosion inhibitor befo
adding it as a treatment step. o4

20 use phosphate-based corrosion inhibitors because the
publicly owned treatment works (POTW) receiving the wastewater has phosphorus limits in their
NPDES and sludge disposal permits.

Regardless of the type of corrosion treatment

used, it should be tested before it is introduced, if Appendix D provides additional
possible. Pilot testing is discussed in more detail in guidelines for systems

Section 6.5 of this manual. Large systems should evaluating their corrosion control
have completed corrosion control studies, as required | options and information on

by the LCR. Smaller water systems may have proper piloting procedures.
conducted studies if required by the state. Any

system that subsequently changes their treatment must notify the state and may be required to
conduct a new corrosion control study. In any event, LCR corrosion control studies should be
used as a starting point to assess the impacts of changes in distribution system water quality on
corrosion and LCR compliance and determine the best corrosion control treatment strategy.
Appendix D provides additional guidelines for systems evaluating their corrosion control options
and information on proper testing procedures.

Reduced Disinfectant Residual Concentration

Systems that are considering lowering their disinfectant dose to take advantage of
additional CT credit at a lower pH should consider impacts on maintaining the desired
disinfectant residual level throughout the distribution system. A lower disinfectant dose may
mean a lower disinfectant residual concentration leaving the treatment plant if the system does
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not have a chlorine dose point after the clearwells.

Recommendations for Addressing this Issue

Additional chlorine will be needed prior to entry to the distribution system, or through
booster disinfection, to account for the decrease in chlorine during primary disinfection.

3.4.3 Recommendations for Gathering More Information
Read the Case Study

For more information on simultaneous compliance issues associated with modifying pH,
see Case Study #2 Modifying pH During Chlorination starting on page B-13 of Appendix B.
This case study describes how one PWS used pH depression via carbon dioxide injection ahead
of the flocculation basins to reduce DBPs and DBP precursors. The system was also able to
increase coagulation efficiency, increase CT throughout the treatment plant (allowing for
reduced chlorine injection), and increase and stabilize pH levels in the distribution system by
increasing the buffering capacity following caustic soda addition. Their greatest operation issue
was a need for a pressurized solution feed to solubilize CO..

See Additional References

Sections 7.1.2 and 7.1.3 in Chapter 7 contain technical references associated with DBP
formation and corrosion, including references on how each process is affected by pH. General
water treatment references in Section 7.1.1 can also provide useful information.

Consider Additional Monitoring

The following are some suggestions for additional monitoring that may benefit water
systems that are reducing their pH during chlorination:

v If alum is used as a coagulant and pH is not adjusted back up before filtration,
systems should test periodically for aluminum in the finished water.

v Systems should perform routine pH and alkalinity monitoring at significant locations
throughout the treatment plant, especially after corrosion control chemicals have been
added.

v" Where it may be a problem, systems should perform periodic monitoring of iron and
manganese in the finished water.
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v Systems can perform additional HPC and total coliform monitoring in the distribution
system near locations where there is reason to believe that scale may have been
dislodged.

v Systems can track customer complaints, color, and turbidity in the distribution system
if there is reason to believe that changes in pH can affect scales and films.

The purpose of these monitoring suggestions is specifically to address and prevent potential
simultaneous compliance issues.

Consider Other Tools

In addition to water quality monitoring, there are additional tools available in Chapter 6
to help systems evaluate and improve their current water system in relation to the compliance
issues they may face when modifying their operation or treatment practices. Examples of tools
that can be used when modifying pH during chlorination is used for Stage 2 DBPR compliance
include:

e The SDS and material-specific (MS-SDS) procedures described by Koch et al (1991)
and Brereton and Mavinic (2002), respectively, which describe bench-scale and pilot-
scale tests that can be used to evaluate DBP formation under varying chlorine,
temperature, pH conditions

e The AwwaRF report “Internal Corrosion of Water Distribution System” (AWWARF
and DVGW-Technologiezentrum Wasser 1996) which provides bench-scale and pilot
testing protocols that can be used to evaluate changes in corrosion potential due to pH
changes;

e The AwwaRF report “Optimizing Corrosion Control in Water Distribution System”
which provides techniques for instantaneous corrosion monitoring

e The “Guidance Manual for Monitoring Distribution System Water Quality”
(Kirmeyer, 2002) which can be used to assist water utilities in implementing a
distribution system water quality data collection and analysis program

e The second version of “Water Treatment Plant Model” (U.S. EPA 2001h) developed
by USEPA that assists utilities to implement various treatment changes while
maintaining adequate disinfection and meeting the requirements of Stage 2 DBPR.

Readers are encouraged to read through Chapter 6 before making any final compliance decisions.
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3.5  Reducing Chlorine Dose under Warm Water Conditions

In general, as temperature increases, chlorine reaction kinetics increase. The increased
kinetics mean that disinfection effectiveness will improve, but it also means rates of DBP
formation reactions will increase. This section discusses the advantages and disadvantages of
adjusting chlorine dose based on the temperature of the source water.

3.5.1 Advantages of Reducing Chlorine Dose under Warm Water Conditions

The main advantage to reducing the chlorine dose under warm temperature conditions is
that fewer DBPs are likely to form when a lower chlorine dose is used. This is especially
pertinent because

e Chlorine doses can be reduced when the water is warmer and still provide
comparable pathogen protection

e TTHM and HAAS formation tends to be higher when water temperature
increases

Comparable Disinfection Protection with Less Chlorine

Since chlorine effectiveness increases at higher temperatures, systems may want to
consider reducing their disinfectant dose in warm weather to reduce the formation of DBPs.
Disinfectant dose may not be lowered below the point of compliance with the CT requirements
dictated by the SWTR (USEPA 1989).

Exhibit 3.5 shows how water temperature affects the amount of CT needed to achieve 3-
log Giardia lamblia inactivation using chlorine to disinfect water with a pH of 7.0. Note, for
example, how the CT required at 5.0° C and a free chlorine dose of 1.0 mg/L is 149 mg-min/L.
But when the water temperature increases to 20° C and a free chlorine dose of 1.0 mg/L is used,
the CT required for 3-log Giardia lamblia inactivation decreases to 56 mg-min/L. Many water
systems are able to provide sufficient CT in the summer months and still use a lower
concentration of free chlorine than the concentration they are using during the winter to provide
the same pathogen protection.

Systems should proceed carefully if they choose this option to make sure that they
continue to meet CT requirements and do not diminish microbial quality in the distribution
system.
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Exhibit 3.5 CT values (CTgg9) for 99.9 percent inactivation of Giardia lamblia cysts
by free chlorine at pH 7.0

Free chlorine residual (mg/L) 0.5°C 5.0°C | 10.0°C | 15.0°C 20° C 25°C
0o.4 195 139 104 70 52 35
0.6 200 143 107 72 54 36
0.8 205 146 110 73 55 37
1.0 210 149 112 75 56 37

Adapted from 40 CFR Part 141 National Primary Drinking Water Regulations § 141.74

Less Chlorine When Rate of TTHM and HAA5 Formation Increases

By reducing the chlorine dose when water temperatures increase, a system may be able to
reduce the formation of TTHM and HAAS5. Krasner et al. (1990) found that the median TTHM
concentrations in 35 systems were highest for those systems with the highest water temperature.

3.5.2 Potential Operational and Simultaneous Compliance Issues Associated with
Reducing Chlorine Dose under Warm Water Conditions

Some potential issues associated with reducing the chlorine dose under warm temperature
conditions are:

e There may be seasonal variations in pathogen concentrations in the source water
(e.g., water is used for recreational purposes, flowing waters with permitted
wastewater discharges when flows are low)

e Some systems may need to maintain a higher disinfectant residual in the summer
months to comply with the TCR

e Systems may encounter higher disinfectant demand in warm months, requiring
higher disinfectant doses in order to meet chlorine demand and provide a stable
finished water

e A reduction in chlorine dose may change the oxidation reduction potential of
water in the distribution system

Seasonal Variability of Pathogen Concentrations in the Source Water

Pathogen concentrations may increase in some surface water sources during the summer
months. Concentrations of viruses and enteric bacteria are of particular concern, especially if the
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source water is also used for recreational activity. Other pathogens such as Cryptosporidium
have been found to peak during spring runoff.

Recommendations for Addressing this Issue

Systems should evaluate uses of their source water and examine historical data to
determine if there is a trend in pathogen occurrence in the warmer months. Systems should also
consider consulting with their states to determine if others have collected data for the same
source. If data are not available, systems may want to collect surveillance fecal coliform or E.
coli samples at their intake to track whether they should be concerned about increased microbial
risk.

Need to Maintain a Higher Residual in Warm Water Months to Comply with the TCR

Increased water temperatures and corresponding increases in organic matter can enhance
coliform re-growth in the distribution system (LeChevallier et al. 1996). At the same time,
increased water temperatures result in faster chlorine residual decay in the distribution system,
which may allow for an increase in biofilm growth.

Recommendations for Addressing this Issue

If a PWS is considering reducing its chlorine dose, operators should understand how such
a decrease may affect the chlorine residual concentrations in the distribution system. Although
lower chlorine concentrations may reduce TTHM and HAAS formation in the distribution
system, systems should carefully monitor the impacts of a low residual on microbial growth and
total coliform occurrence. Unidirectional flushing may also be a practical, cost-effective way to
reduce microbiological problems in the distribution system.

Higher Disinfectant Demand in Warm Water Months

Organic concentrations in raw water may increase in warm weather due to algae blooms,
aquatic plant growth, and other sources, creating an increase in chlorine demand. In addition,
since chlorine reaction rates increase as water temperature increases, chlorine demand and decay
will increase.

Recommendations for Addressing this Issue

Systems may need to add higher levels of chlorine to meet the chlorine demand prior to
distribution to maintain an adequate residual. Increases in taste and odor compounds from algal
blooms and other biotic activity may also motivate systems to maintain higher chlorine levels in
the summer months.
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Some systems may want to consider the possibility of maintaining a lower chlorine
residual and boosting chlorination at points throughout the distribution system, rather than
adding a high dose at the entry point to try to maintain a residual throughout the distribution
system. See Section 3.2 for other BMPs that can be used to improve water age and maintain
more consistent disinfectant residuals.

Change in Oxidation Reduction Potential

Systems reducing their chlorine dose may see a change in the oxidation reduction (redox)
potential of their distribution system water. Since less oxidant will be added to the water, water
conditions may be more reduced. As a result, systems may see consequent electrochemical
reduction and dissolution of lead oxide in the distribution system, which could result in higher
lead concentrations at consumers’ taps. Manganese deposits in the distribution system could also
increase causing taste, odor, and color complaints.

Recommendations for Addressing this Issue

Operators should measure the redox potential in their distribution system water before
and after the chlorine dose has been decreased. If a measurable change is noted, systems should
watch their lead concentrations closely to see if there is an increase that might be due to the more
reduced conditions. Systems with manganese in their water should track customer complaints
closely to see if manganese deposits have become more of an issue. If these issues arise, the
system should consider pre-treating the water with another oxidant, such as potassium
permanganate.

3.5.3 Recommendations for Gathering More Information
See Additional References

Readers can turn to Sections 7.1.1 and 7.1.4 in Chapter 7 for general references
associated with disinfection and technical references related to distribution system management.

Consider Additional Monitoring

The following are some suggestions for additional monitoring that may benefit water
systems that are reducing their chlorine dose:

v" Routine raw and finished water monitoring for E. coli and total coliform, especially
during the periods when the system is reducing its chlorine dose.

v" Increased chlorine residual measurements throughout the distribution system.

v Increased HPC and total coliform surveillance monitoring in the distribution system.
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v Chlorine demand monitoring prior to chlorine addition for secondary disinfection to
make sure stable water is sent into the distribution system.

v"Inspection of distribution system pipe scales (including service lines and domestic
plumbing) to see if reductions in disinfectant residual and/or lower redox potential
may cause a problematic change in scale integrity and metal release.

The purpose of these monitoring suggestions is specifically to address and prevent potential
simultaneous compliance issues.

Consider Other Tools

In addition to water quality monitoring, there are additional tools available in Chapter 6
to help systems evaluate and improve their current water system in relation to the compliance
issues they may face when modifying their operation or treatment practices. Examples of tools
that can be used when varying the chlorine dosage is used for Stage 2 DBPR compliance include:

e The Guidance Manual for Monitoring Distribution System Water Quality (Kirmeyer
2002) which can be used to assist water utilities in implementing a distribution
system water quality data collection and analysis program

e The Standard Method 2350 (Oxidant Demand/Requirement) (APHA 1998) that
provides step-by-step instructions for the determination of chlorine demand during
various water quality conditions

e The paper “Predicting the Formation of DBPs by the Simulated Distribution System”
published by Koch et al. (1991) that can be used to closely monitor and predict
changes in DBP formation in the distribution system due to frequent chlorine dose
changes

Readers are encouraged to read through Chapter 6 before making any final compliance decisions.

3.6 Modifying Presedimentation Basin Operations

Presedimentation basins are basins placed before the rapid mix chamber and the
flocculation basins. Their purpose is to allow large particles and debris to settle out before the
main coagulation process and before any disinfectant is added. Presedimentation basins provide
a buffer to turbidity fluctuations and can lower DBP precursors entering the plant. Existing
basins can be modified to increase Cryptosporidium removal by adding a coagulant or increasing
residence time.
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3.6.1 Advantages of Modifying Presedimentation Basin Operations
The advantages of presedimentation basins include:
e Can lower DBP precursors prior to the addition of disinfectants

e Can possibly achieve 0.5 logs of Cryptosporidium removal credit under the
LT2ESWTR

Lower DBP Precursor Concentrations
By modifying presedimentation basins, systems can remove additional DBP precursors

and decrease TTHM and HAAGS formation. Presedimentation basins are especially useful to
systems with high levels of solids in their raw water

or highly fluctuating turbidity. Addition of a Addition of a coagulant in the

coagulant in the presedimentation basin may increase presedimentation basin may

the removal of DBP precursors. increase the removal of DBP
o ) precursors.

Cryptosporidium Removal Credit

Systems with presedimentation basins can receive 0.5-log removal credit for
Cryptosporidium. In order to get the credit for the presedimentation basin, all of the plant’s
water must pass through the basin and a coagulant must be added whenever the basin is
operating. Alternatively, systems can conduct their LT2ZESWTR monitoring for
Cryptosporidium after the presedimentation basin to determine their treatment bin. If a system
monitors for bin selection after the presedimentation basin, it cannot get the 0.5 log
Cryptosporidium removal credit for the basin. These systems may, however, end up in a lower
treatment bin due to Cryptosporidium removal in the presedimentation basin. See the
LT2ESWTR Toolbox Guidance Manual (U.S. EPA 2003a) for additional information on
receiving the removal credit.

3.6.2 Potential Operational and Simultaneous Compliance Issues Associated with
Modifying Presedimentation Basin Operations

Potential issues associated with using presedimentation basins include:
e Algal growth in presedimentation basins can increase DBP precursors

e Removal of settled solids can be difficult
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Algal Growth

Algae can grow in uncovered presedimentation basins that are not treated with a
disinfectant. The algae can add NOM to the water, increasing the chlorine demand, and can
negate DBP precursor removal obtained during presedimentation. Algae are also known to
produce taste and odor compounds and interfere with flocculation/sedimentation and filtration.

Recommendations for Addressing this Issue

There are several ways to prevent algae growth in presedimentation basins. Potassium
permanganate addition has been used with mixed success in efforts to stop algae growth and
control resulting tastes and odors. Covering basins to block ultraviolet (UV) light will also
prevent algae growth. Although this can be a more expensive solution, floating covers are
available that can provide a lower-cost alternative.

Removal of Settled Solids

Solids should be removed on
a regular basis to prevent
interference with plant
performance and compliance
with regulatory requirements.

Solids that accumulate in the bottom of
presedimentation basins should be removed
periodically. This is especially true when a
coagulant is added. If a coagulant is not added,
systems may be able to manage solids with periodic
manual removal. Systems may not be able to use a coagulant if they cannot add solids removal
equipment to the basin. Although it presents additional costs to the plant, solids removal should
not interfere with plant production if it is done on a regular basis.

Recommendations for Addressing this Issue

If a coagulant is not used, systems should consider using two basins, taking one off-line
while the other is being cleaned to avoid stirring up sediment and allowing it to enter the plant.
Solids should be removed on a regular basis to prevent interference with plant performance and
compliance with regulatory requirements. Solids can be removed in various ways such as using
a sloped floor and center drain or specially designed vacuums or pumps. Removal can be
accomplished manually by regular cleaning or dredging.

3.6.3 Recommendations for Gathering More Information
Read the Case Study

For more information on simultaneous compliance issues associated with
presedimentation basins and how to address them, see Case Study #3 Presedimentation starting

on page B-21 of Appendix B. This case study describes how one PWS used was able to monitor
effluent from their presedimentation basins to determine their Cryptosporidium bin classification
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for the LT2ESWTR. Operational issues include problems with algae blooms, which the system
was typically able to control by adding potassium permanganate to the basins.

See Additional References

Readers can turn to Section 7.1.1 in Chapter 7 for general technical references associated
with water treatment. The Draft LT2ESWTR Toolbox Guidance Manual (USEPA 2003a)
provides additional information on presedimentation.

Consider Additional Monitoring

The following are suggestions for additional monitoring that may benefit water systems using
presedimentation:

v Turbidity measurements as water leaves the presedimentation basin and enters the
treatment plant, in order to detect impacts of sediment buildup or short-circuiting on
water quality entering the plant.

v’ If algae growth is a problem, routine algal counts, chlorophyll a measurements, or Secchi
disk depth readings as feasible, to guide algae management efforts.

The purpose of these monitoring suggestions is specifically to address and prevent potential
simultaneous compliance issues.
3.7  Enhanced Coagulation

One way to remove NOM is to practice enhanced coagulation. Enhanced coagulation has
been shown to be an effective strategy for reduction of DBP precursors for many systems
(Krasner and Amy 1995). Enhanced coagulation can be accomplished by one or more of the
following operational changes:

e Increasing coagulant dose

e Changing coagulant

e Adjusting pH (using acid to lower the pH as low as 5.5)

e Improving mixing or applying moderate dosage of an oxidant

As one part of the treatment process is modified, PWSs should consider the impacts on
subsequent processes and within the distribution system. Systems considering whether enhanced
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coagulation may be an effective way to reduce DBPs should refer to the Guidance Manual for
Enhanced Coagulation and Precipitative Softening (USEPA 1999h).

This section discusses the advantages and disadvantages of enhanced coagulation, and
provides recommendations for how systems may be able to address and minimize the
disadvantages.

3.7.1 Advantages of Enhanced Coagulation

Some advantages to enhanced coagulation include:

e May improve disinfection effectiveness

e Can reduce DBP formation

e Can reduce bromate formation

e Can enhance arsenic and radionuclide removal
Improved Disinfection Effectiveness

Conventional filtration plants must achieve a 3.0 log Giardia removal/inactivation and
4.0 log virus removal/inactivation. Enhanced coagulation can improve disinfection effectiveness

in three ways:

e Lower the pH during disinfection
e Reduce disinfectant demand
e Remove particles to which pathogens are attached

The pH may be suppressed artificially using an acid or may be the result of heavy alum or ferric
coagulant doses.

Chlorine is pH-sensitive, being more effective at low pH values (see Section 3.2 for a
more complete discussion of chlorine sensitivity to pH). Therefore, a decrease in pH results in
greater inactivation of Giardia and viruses. Ozone also exhibits increased performance at lower
pH values (Carlson et al. 2000). Conversely, chlorine dioxide can be less effective at low pH
values.

The removal of NOM through enhanced coagulation may allow increased disinfectant
efficiency by decreasing the demand on the disinfectants exerted by organics (Carlson et al.
2000). For a system to realize this benefit, the system should inject the disinfectant at a location
in the treatment process where NOM removal has been achieved. This operational scenario may
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allow the system, in consultation with their regulatory agency, to reduce the amount of
disinfectant used compared to dosages required prior to practicing enhanced coagulation. A
reduction in the amount of disinfectant applied should result in fewer DBPs being formed. The
system should, however, ensure that the necessary microbial inactivation is maintained at all
times by measuring:

e the disinfectant residual
e flow, temperature, and pH
e calculating the resulting inactivation contact times and CTs being achieved

By increasing the removal of particles and organic matter, pathogens that are attached to
these substances will also be removed.

Reduced DBP Formation

Enhanced coagulation improves the removal of DBP precursors in a conventional water
treatment plant. The removal of TOC (a surrogate measure of NOM) by coagulation has been
demonstrated in several laboratory research, pilot demonstrations, and full-scale studies
(Chowdhury et al. 1997, Edwards 1997). Removal of TOC can result in a decrease in TTHM
and HAAS formation. In fact, the Stage 1 D/DBPR uses TOC to define enhanced coagulation
for DBP precursor removal requirements.

A reduction in pH has also been demonstrated to result in a reduction in formation of
chloroform (Singer 1999). A more detailed discussion of this topic is provided in Section 3.4.

Reduced Bromate Formation

The reduction of pH that may be practiced as part of enhanced coagulation can result in
better control of bromate formation for those systems using ozone. Williams et al. (2003)
indicated that a pH of about 6.5 provided effective reduction of bromate formation. The
effectiveness of bromate control at lower pH values depends on the source water, particularly its
alkalinity.

Arsenic and Radionuclide Removal

Compliance with the new arsenic maximum contaminant level (MCL) of 0.010 mg/L
may require systems to consider treatment modifications for improved arsenic removal. Some
systems may realize improved arsenic removal by using a ferric coagulant as part of the
enhanced coagulation process. Scott et al (1995) observed that arsenate (As(V)) removal was in
the range of 80 to 95 percent for a ferric coagulant dose ranging from 3 to 10 mg/L. Alum
coagulation has been shown to remove arsenic, but at higher doses (up to 20 mg/L) Removal of
arsenite (As(I11)) is much less efficient than As(V), though iron coagulants are still more
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effective at removing As(l11) than alum coagulants (Hering et al. 1996; Edwards et al.1994).
Modified coagulation is identified by EPA as a Best Available Technology (BAT) for the
Arsenic Rule.

Enhanced coagulation may also provide better radionuclide removal since radionuclides,
such as uranium, have been shown to be removed by coagulation/filtration (Sorg 1988). Systems
will want to understand fully their requirements for disposal of residuals containing
radionuclides and check with their State or Primacy Agency for instructions on special handling
or disposal of residuals containing radionuclides.

3.7.2 Potential Operational and Simultaneous Compliance Issues Associated with
Enhanced Coagulation

Potential issues associated with enhanced coagulation include:

e Adverse impacts to finished water turbidity

e Corrosion concerns

e Increased concentrations of inorganics in the finished water

e Additional issues with residual disposal
This section discusses these issues briefly and provides suggestions for reducing their impacts.
Finished Water Turbidity

In most cases, lowering the pH and/or increasing coagulant feed will result in lowering
turbidity in the finished water. However, lower pH levels can sometimes lead to the formation of
a less dense, more fragile floc. This type of floc can carry over from the clarifier and may result
in shorter filter run times or premature filter breakthrough (Singer 1999). A lower pH and higher
coagulant dose may also result in restabilization of particles. These conditions can create upsets
in solids blanket-type clarifiers (Carlson et al. 2000).

Premature filter breakthrough as a result of higher particle loading to the filter could
result in shorter filter runs or, if a system does not adjust its operations in response to the higher
particle loading, the system might not meet the turbidity limits established by the IESWTR and
LT1ESWTR. This may also trigger individual filter follow-up actions as required by IESWTR
and LTIESWTR. Conversely, enhanced coagulation may have a positive effect on subsequent
treatment steps, resulting in lower finished water turbidity, potentially longer filter runs, and
better compliance with effluent turbidity limits.
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Recommendations for Addressing this Issue

Systems may want to pilot test different coagulants to identify the coagulant type and
dose that produces the most stable, settleable floc. Lovins et al. (2003) found that ferric sulfate
produced a larger, more durable and more settleable floc relative to alum in Peace River water, a
high DOC water, at a pH of around 7.5.

Systems should consult the “Enhanced Coagulation and Enhanced Precipitative Softening
Guidance Manual” (USEPA 1999h) for recommendations on how to maintain low turbidity
while performing enhanced coagulation.

Corrosion Concerns

Corrosion control within the distribution system can be affected by a change in pH,
change in the chloride to sulfate ratio, change in organics concentration, or a significant change
in the alkalinity of the finished water (Carlson et al. 2000). Any of these conditions can occur as
a result of enhanced coagulation and can potentially create compliance issues with the LCR.

Enhanced coagulation lowers TOC. Changes in TOC have been found to have differing
impacts on corrosion. Schock et al. (1996) found that in some cases, NOM can form soluble
complexes with lead which can increase corrosion. In other cases, NOM was found to coat the
pipes and lower corrosion rates. Edwards et al. (1996) have reported similar results for copper
corrosion. Edwards et al. (2004) found that lower TOC in combination with higher aluminum
may cause pinholes leaks in copper piping.

Enhanced coagulation can lower alkalinity. The effect of an alkalinity change depends
on the initial alkalinity; for water with moderate to low alkalinity, a decrease in alkalinity can
increase corrosion. Systems are encouraged to maintain a minimum alkalinity of 10 to 20 mg/L
as calcium carbonate. If the initial alkalinity is high, however, a decrease may be beneficial
since a decrease in alkalinity can also decrease copper corrosion rates.

Enhanced coagulation lowers pH. Lower pH generally increases corrosion rates.
Changing distribution system pH can also alter the condition of pre-existing scale. The lower the
initial pH, the smaller the pH change needed to affect the corrosion rate. At an initial pH of 7, a
pH change of 0.2 can affect corrosion, while with an initial pH of 9 it takes a pH change of over
0.5 to significantly affect corrosion. Softened scale can break off and entrain materials contained
in it into the distribution system.

Lower pH can also have adverse impacts within the treatment plant. Cement can degrade
in acidic conditions. Metals in pipes and pumps may also be susceptible to corrosion.
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If aluminum coagulants are used and overdosing occurs, efforts to perform enhanced
coagulation may result in increased aluminum concentrations. Aluminum can increase corrosion
of lead and copper, though it will decrease corrosion of copper byproducts.

The increased use of coagulants in enhanced coagulation will raise the concentration of
the anion, either sulfate or chloride, and will affect the chloride to sulfate ration. A low chloride
to sulfate ratio has been shown to decrease corrosion rates (Edwards et al.1999).

Recommendations for Addressing this Issue

Systems should consider adjusting their pH upward before the water enters the
distribution system in order to reduce corrosion of pipe materials. Systems will want to identify
the optimum pH within the distribution system that
enables compliance with the LCR and does not result Water systems should carefully
in substantial increases in DBP levels. If the system research the implications of
cannot readjust the pH to a high enough level using using a corrosion inhibitor before
caustic to prevent corrosion, it can consider adding a adding it as a treatment step.
corrosion inhibitor (i.e., a substance that is phosphate-
or silica-based) to the finished water to form a protective coating on the pipes.

Water systems should carefully research the implications of using a corrosion inhibitor
before adding it as a treatment step. Some utilities have elected not to use phosphate-based
corrosion inhibitors because the POTW receiving the wastewater violated phosphorus limits in
their disposal permits. Zinc toxicity to wastewater treatment biota can also be a concern. Lime
addition can potentially cause turbidity problems if the dosing and mixing are not done properly.
Conversely, research has shown that corrosion control often has the added benefit of controlling
biological growth in the distribution system, which can lead to improved compliance with the
TCR.

Regardless of the type of corrosion inhibitor used, it should be carefully pilot tested
before it is introduced. Large water systems were required to conduct corrosion control studies
under the LCR. Smaller systems may have conducted studies if required by the state. Any
system that subsequently changes their treatment must notify the state and may be required to
conduct a new corrosion control study. In any event, LCR corrosion control studies should be
used as a starting point to assess the impacts of changes in distribution system water quality on
corrosion and LCR compliance and determine the best corrosion control treatment strategy.
Appendices C and D provide additional guidelines for systems evaluating their corrosion control
options and information on proper piloting procedures.

Systems should also monitor inside the plant for signs of corrosion of cement or metal. If
corrosion is noticed, corrosion may be prevented by applying an epoxy coating. For metals such
as pipes and pumps, using a sacrificial anode is an option in addition to epoxy coatings. Exterior
fittings in buildings should be painted to reduce corrosion. Finally, when designing new
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processes materials compatible with the anticipated pH and water quality in the plant should be
specified.

Increased Inorganics in Finished Water

Enhanced coagulation can cause an increase in inorganics, such as manganese,
aluminum, sulfate, chloride, and sodium, in the finished water. The low pH that frequently
results from enhanced coagulation reduces the oxidation rate of manganese from the dissolved
state (Mn?") to the solid form (MnO5) that allows it to be removed during sedimentation and
filtration. ldeally, manganese is completely oxidized before the coagulation step, and enhanced
coagulation should not deter manganese removal. Systems should note, however, that even very
low concentrations of manganese (e.g., 0.05 mg/L) in the finished water could result in aesthetic
problems.

Manganese may also be present in concentrations above the secondary standard of 0.05
mg/L if high dosages of ferric coagulants are used (Carlson et al. 2000). Ferric chloride and
ferric sulfate coagulants can contain relatively high concentrations of manganese. If a water
system switches from low doses of ferric or alum to high doses of ferric, the coagulant itself may
significantly increase the amount of dissolved manganese in the water.

The presence of high concentrations of sulfate or chloride may affect the corrosivity of
the water (Carlson et al. 2000). The mass ratio of chloride to sulfate can also affect the
corrosivity of the water. Edwards et al. (1999) found that of 24 utilities surveyed, none of the
utilities with a chloride to sulfate ratio of less than 0.58 exceeded the lead action level, while 64
percent of utilities with a ratio greater than 0.58 exceeded the lead action level.

Increased aluminum in the distribution system may result when high alum dosages are
used in an effort to perform enhanced coagulation. Increased aluminum can lead to aesthetic
problems, such as solids precipitation, in the distribution system (Carlson et al. 2000). Increased
alum can be kept from passing through filters by addition of filter aids and more frequent
backwashing. More frequent backwashing, however, has costs and other implications.

Recommendations for Addressing this Issue

System operators should consider their source water specifically when making choices
about coagulant use. Systems should jar test and, ideally, pilot test under different water quality
conditions the coagulants that they are considering before making full-scale coagulant treatment
changes. NSF and manufacturer recommendations should be followed in coagulant dosing.
Specifications for coagulants and other treatment chemicals should also specify allowable
concentrations of trace contaminants. Section 6.3 describes some ways systems can test their
water to determine which coagulant is best suited for their water quality and particular treatment
needs. Systems with a high chloride to sulfate ratio may be able to mitigate corrosion by
switching from a chloride-based coagulant to a sulfate-based coagulant.
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Residuals Handling

Because more coagulant is added and more organics are being removed, enhanced
coagulation will likely result in the production of more waste residuals. The conditions for
existing disposal of water treatment plant (WTP) sludge should be reviewed and even
renegotiated, and increased costs of waste disposal should be factored into a system’s decision.

If the source water has high concentrations of hazardous contaminants such as arsenic or
radionuclides, the waste residuals may concentrate these contaminants to the extent that the
waste is considered unfit for disposal in a sanitary landfill. States have limits on toxics
concentrations in waste residuals disposed of in sanitary landfills, and exceeding any of those
limits could cause the waste to be classified as hazardous. In addition, some states have
additional disposal requirements for residuals that have been characterized as technologically
enhanced naturally occurring radioactive material (TENORM) that can further complicate
disposal.

Recommendations for Addressing this Issue

Systems will likely experience higher costs with managing an increased residual load.
Depending on how residuals are managed, additional facilities may need to be constructed or
new permits may be necessary. Aluminum is toxic to aquatic life, so increased alum use may
result in limitations on the discharge of the residual stream to surface water bodies.

Systems should properly analyze the sludge that results from enhanced coagulation for
increased metals and other contaminants that may create issues with final sludge disposal. The
regulatory agency should be consulted regarding disposal of residuals if hazardous chemicals are
concentrated in the residuals. EPA has recently released A Regulator’s Guide to the
Management of Radioactive Residuals from Drinking Water Treatment Technologies, (USEPA
2005c) which deals with the issue of radioactive compounds concentrated in residuals.

Typically, ferric sulfate sludges are more easily dewatered as compared to alum sludges
(Thompson et al. 1998).

3.7.3 Recommendations for Gathering More Information
Read the Case Studies

Three case studies in Appendix B describe simultaneous compliance challenges faced by
utilities using enhanced coagulation.

Case Study #4 Switching Coagulants starting on page B-25 describes how a system
could simultaneously comply with the TOC removal requirements of the Stage 1 D/DBPR and
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the turbidity removal requirements of the IESWTR by switching coagulants. The system found
that enhanced coagulation with ferric sulfate not only increased TOC removal significantly, but
also reduced turbidity levels in the finished water. The major problem experienced in
implementing the treatment modification was the control of manganese and corrosion in the
rapid mix chamber due to the addition of sulfuric acid.

Case Study #5 Enhanced Coagulation-Problems with Copper Pitting starting on page
B-33 describes a system that experienced pinhole leaks in their copper piping following
alterations to the coagulation process. The system implemented orthophosphate addition to
address the pinhole leaks, which also had an effect on finished water turbidity and iron release
from unlined cast iron mains.

Case Study #6 Enhanced Coagulation - Managing Radioactive Residuals starting
on page B-39 provides a discussion of a system's options for disposing of radioactive
residuals resulting from enhanced coagulation. As a result of enhanced coagulation,
radionuclides can become concentrated in residuals at levels that require special
consideration for regulatory approval of sludge disposal.

See Additional References

Readers can turn to Section 7.1.8 in Chapter 7 for technical references associated with
using enhanced coagulation.

Consider Additional Monitoring

The following are some suggestions for additional monitoring that may benefit water
systems using enhanced coagulation:

v Routine turbidity or particle count monitoring of water leaving the sedimentation basin to
ensure that a consistently stable and dense floc is forming.

v Routine finished water pH and alkalinity monitoring to help ensure that corrosion control
is being implemented correctly.

v" Periodic aluminum measurements in the finished water to watch for aluminum carryover
from the combination of alum floc and low pH.

The purpose of these monitoring suggestions is specifically to address and prevent potential
simultaneous compliance issues.
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