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Six Year Review Process

SDWA requirement to assess if existing drinking water standards/rules need to be updated

* Required every six years for each NPDWR

» Evaluates
* Health effects
Occurrence data

Treatment technologies

Analytical methods

Exposure and implementation factors




2017 Microbial and Disinfection ByProduct Six Year Review Outcome

Six Year Review (2017)

« Examined Stage 1 and 2 Disinfectants and Disinfection Byproducts

Rules
« Surface Water Treatment Rule
* Long Term 1 Enhanced Surface Water Treatment Rule

|dentified eight possible contaminants from those

rules

* Chlorite, Haloacetic acids, Total trihalomethanes
« Cryptosporidium, Heterotrophic bacteria, Giardia, Legionella, Viruses




Waterkeeper Alliance v. EPA

e Finalized in June 2020

« EPA agreed to a timeline to propose
revisions by July 31, 2024

* |f appropriate for revisions, then a final
proposed rule will be published by
September 30, 2027
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National Drinking Water Microbial and Disinfection Byproducts (MDBP)
Advisory Council Rule Revisions Working Group

(NDWAC) Meeting 1 Agenda

May 23, 2022: 11:00-4:00pm ET

Purpose:

e Introduce Working Group (WG) members

e Review previous public engagement and WG member interview findings — priorities and key challenges
e Describe approach to sequencing topics and supporting discussions with technical information
L ]

Discuss goals for WG outcomes/impacts



NDWAC MDBP Rule Revisions WG
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Introduction

The USEPA perspective

While waterborne disease incidence has seen significant decrease
over the past century in the U.S., in recent years, opportunistic
pathogens — notably Legionella — have become an increased
concern for water systems.

Actions to address these pathogen risks must consider the formation
of disinfection byproducts in chemically disinfected water.

Disinfection byproducts and microbial contaminants potentially
affect a large number of public water systems and a significant
portion of the U.S. population.

The Microbial and Disinfection Byproducts Rules work together to
protect against waterborne diseases caused by pathogens and
reduce potential risks from short- and long-term disinfection
byproducts exposure.

Potential revisions to the Microbial and Disinfection Byproducts
Rules provide an opportunity to ensure a risk balancing approach
while acting to further improve public health protection.
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Public Health Risks from Microbial pathogens in Drinking Water

The USEPA perspective

« Pathogens, such as Giardia, Cryptosporidium, and viruses,
are often found in source water and have been linked to
diseases including gastrointestinal iliness (such as diarrhea,
vomiting, cramps) and other health risks.

« Opportunistic pathogens, such as Legionella, can grow in
the distribution system and, when inhaled through fine water
droplets (e.g. while showering), can cause Legionnaires'
disease (a severe form of pneumonia) and Pontiac fever. In
the United States, the rate of reported cases of
Legionnaires’ disease has grown by nearly nine times since
2000.

« CDC scientists estimate 53,000 cases of illness (Gerdes et
al. 2023) every year were caused by drinking water
exposures to opportunistic pathogens leading to
Legionnaires' disease, Mycobacterial infections, and
Pseudomonas pneumonia.

« The National Academies of Science estimates 52,000 to
70,000 cases (NAS 2020) of Legionnaires' Disease in the
US each year.
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NDWAC Recommendations

The EPA asked the National Drinking Water
Advisory Council to form a Working Group to
identify potential rule revision options for the
Council to consider in making recommendations to
the EPA. The NDWAC provided recommendations
to the Agency for 13 topics related to potential
revisions of the Microbial and Disinfection
Byproducts Rules.

The Council’'s recommendations can be found at:
https.//www.epa.gov/system/files/documents/2024
-03/december-14-2023-ndwac-letter-to-the-
administrator-on-potential-revisions-to-microbial-
and-disinfection-byproducts-rules-1.pdf

Lisa D. Daniels, Chair
Harrisburg, PA

Yolanda Barney
Window Rock, AZ

Elin Warn Betanzo
Detroit, MI

D. Scott Borman
Rogers, AR

Alexandra Campbell-
Ferrari

Washington, DC

Shellie R. Chard
Oklahoma City, OK

Steven B. Eimore
Madison, W1

Eagle Jones
Temecula, CA

Jana Littlewood
Wasilla, AK

Jennifer L. Peters
Littleton, CO

James M. Proctor, Il
Birmingham, AL

Nancy A. Quirk
Green Bay, WI

Alex Rodriguez
Santa Barbara, CA

Jeffrey W. Szabo
Oakdale, NY

Macaroy Underwood

Vestavia, AL J

U.S. EPA National Drinking Water Advisory Council

December 14, 2023

Mr. Michael S. Regan

Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Dear Administrator Regan:

On behalf of the National Drinking Water Advisory Council (“NDWAC” or “Council”),
| am pleased to provide the Council’s advice and recommendations to the U.S.
Environmental Protection Agency on issues related to potential revisions of
microbial and disinfection byproducts (MDBP) regulations. This responds to the
EPA’s charge provided to the Council in November 2021. In the charge, the EPA
asked that the NDWAC strive to reach consensus, where possible, on range of key
issues and topics related to MDBP rules. The EPA also recognized the complex
nature of the subject matter to be discussed by the NDWAC and that the Council
may not reach consensus on all issues. The EPA asked that where consensus cannot
be reached, the NDWAC would present additional information to the agency on
alternatives, including discussion of the potential pros and cons associated with the
various alternative approaches.

In addition, to support the work of the Council, the EPA asked the NDWAC to form a
working group to explore specific issues and identify potential MDBP rule revision
options for the Council to consider in making recommendations to EPA. The
working group included five members of the NDWAC and other members selected
to bring the expertise, experience, and perspectives needed to provide balanced
recommendations to the NDWAC on issues related to MDBP rule revisions. Two
members of the EPA’s National Environmental Justice Advisory Council, one of
whom served along with the Chair of the NDWAC as a co-chair, participated on the
working group. The Council would like to express its appreciation to everyone who
served on the working group for their impressive dedication and efforts. The
working group report (attached and described below) presented six key themes
across its recommendations. These themes included:



Opportunities for Potential Rule
Revisions



Public Health Risks from Disinfection ByProducts in Drinking Water

* In many cases, water needs to be disinfected with chemicals such as chlorine to inactivate (or kill)
microbial pathogens.

« Disinfection byproducts can form in water when disinfectants used to control microbial pathogens combine
with naturally occurring materials found in source water.

« Long-term exposure to disinfection byproducts has been linked to cancer, developmental, and reproductive
effects.

« Approximately 8,000 of the 79,000 annual bladder cancer cases (Weisman et al. 2022) in the United
States are potentially attributable to disinfection byproducts in drinking water systems.




Candidates for Regulatory Revision

 Following the EPA’s third Six-Year Review, the EPA determined that multiple microbial-focused national
primary drinking water regulations are candidates for revision:

» Giardia lamblia, heterotrophic bacteria, Legionella, viruses, and Cryptosporidium

« These national primary drinking water regulations fall under the Surface Water Treatment Rule, Interim
Enhanced Surface Water Treatment Rule, and Long-Term 1 Enhanced Surface Water Treatment Rule

« The EPA also determined that multiple disinfection byproduct-focused national primary drinking water
regulations are candidates for revision:
* Chilorite
» Five haloacetic acids (HAA5)
» Total trihalomethanes (TTHM)

 These NPDWRs fall under the Stage 1 and Stage 2 Disinfectants and Disinfection Byproducts Rules

11




Input on Potential Rule Revisions

« The EPAis considering the following potential areas for revision:

* Revisions to disinfectant residual requirements including:

A national numeric disinfection residual requirement

» Re-evaluation of disinfectant residual sampling locations

* Revised compliance determination for disinfection residuals

» Enhanced disinfection byproduct precursor control, including potential vulnerability screening and treatment requirements
* Potential improvements to monitoring and reporting requirements

» Afinished water storage tank inspection and cleaning as needed requirement

* Monitoring and consultative requirements to improve water quality at consecutive systems

* Addressing concerns about chlorate

* Re-examination of criteria defining "Groundwater Under the Influence of Surface Water"




Disinfection



Disinfection Residuals: Potential Revisions

* The disinfectant residual is the amount of disinfectant
remaining after initial disinfection; maintenance of a
disinfectant residual in the distribution system protects

against microbial contamination. DRINKING WATER
» Current federal requirements stipulate that water systems DISTRIBUTION SYSTEM

must maintain a “detectable” residual in the distribution
system. Portions of the distribution system may have little

Q‘
or no residual. NN & Q
NS\ — ﬂ - — Q @
« The EPAis considering revising the standard to a N

numeric minimum requirement to values including (but WATER WATER WATER HOUSES
not limited to): SOURCE TREATMENT TOWER

* 0.2 mg/L for free chlorine and 0.5 mg/L for total

PLANT 7
chlorine;

* 0.5 mg/L for free chlorine and 0.7 mg/L for total
chlorine




Disinfection Residuals: Potential Revisions

 Currently, monitoring is conducted at the same
frequency and location as total coliform monitoring
based on the primacy agency approved sampling
plan.

* The current residual monitoring locations may not
be representative of the system or at locations
most likely to have low residual.




Disinfection Residuals: Potential Revisions

The EPA is considering requiring water systems to re-

evaluate residual sampling sites with the following
potential criteria:

« Sites that historically have trouble
maintaining residuals,

« Sites of high water age,

» Sites at or near the outflow of finished water
storage facilities,

 Interconnections with consecutive systems,
and

» Sites near sensitive populations

And, prepare new a distribution system sampling and
monitoring plan that includes additional distribution
system water quality parameters.
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Disinfection Residuals: Potential Revisions

* Currently, SW systems are in violation if fewer than 95% of
disinfectant residual samples are detectable over the
course of two consecutive months.

» This can allow for the same portions of a distribution
system to have little or no detectable residual on a repeat
basis.

» The EPA is considering the requirement that 95% or higher
of samples meet the minimum every month and that
systems with repeat failures at the same location are in
violation regardless of the percentage of sites that are
compliant.

* IMPACT on GW systems? Many are not currently
disinfected.




Disinfectant Residuals - Considerations

« Factors that impact a water system’s ability to maintain a disinfectant residual in the distribution system

 Actions water systems can take to maintain or increase the disinfectant residual level (e.g., distribution system
flushing, finished water storage tank mixing/aeration, increasing disinfectant dose at the entry point to the
distribution system, boosting disinfectant dose in the distribution system, or changing the disinfectant from
chlorine to chloramines)

« What criteria should be used to select sites for monitoring disinfectant residual and what information is readily
available to water systems.

 Potential challenges water systems may face in developing and implementing revised distribution system
water quality monitoring plans, and opportunities for staggering the revisions of these plans (e.g., based on

specific triggers).




Legionella

« Controlled by low levels of disinfectant residuals
* Primarily a premise plumbing issue
« CDC reports increase in disease occurrence

» Possible new monitoring requirements

) tior adermies of
SCIENCES - ENGINEERING - MEDICINE

Management of

Legionella
in Water Systems



Disinfection ByProducts
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Chlorate can form when hypochlorite solution and/or chlorine dioxide used for the drinking
water treatment process. Chlorate is a result of decaying hypochlorite.

National monitoring shows that smaller systems had higher rates of chlorate occurrence
versus larger systems.

Minimize storage time where feasible

Minimize sunlight exposure

Store solutions under controlled temperature conditions where feasible
Encourage dilution of received stock

The EPA is considering requirements to:

Approaches systems may use to cover hypochlorite storage tanks or taking other steps to
reduce the temperature in hypochlorite storage tanks

How systems can minimize the storage time of hypochlorite solutions, while ensuring they
have adequate available disinfectant reserves

Chlorate: Potential Revisions



THMs and
HAAs

The EPA determined
that multiple
disinfection

byproduct-focused
national primary
drinking water
regulations are
possible candidates
for revision:

Options under
discussion include:

Five haloacetic acids (HAA5S)

Total trihalomethanes
(TTHM)

Adding HAAs — HAAG or
HAA9 (brominated species)

Individual MCLs for HAAS




General Approach to Handling DBPs

SYSTEM TREATMENT ADVANCED
OPTIMIZATION PROCESS TOC
CHANGES REMOVAL

e
]
Q
Opfimize Free Optimize Change Implement Implement Raw Change Implement Implement Implement Replace
Chlorine Coagulation Coagulant  Alternative Pre- Water PAC Primary Clearwell Intermediate Post-Filter GAC Granular Media
Disinfection Oxidant Disinfectant Aeration Ozone Contactors Filters with
Membranes

DBP Control Alternative




Total Organic Carbon Removal



Enhanced Disinfection Byproduct Precursor Control

Total organic carbon is one way to measure
the substances that may react with
disinfectants to form disinfection byproducts
(precursors). Total organic carbon may also
indicate potential for opportunistic
pathogens to grow in the distribution
system.

Currently, some systems are required to
remove total organic carbon via enhanced
coagulation treatment to reduce disinfection
byproduct precursors.

The EPA is considering establishing a These additional treatment requirements

i : : could include changing the current
vulnerability screening requirement to : . : .
. . . : coagulation treatments in place or installing
identify systems which may require more

treatment to reduce disinfection byproducts. new treatment systems such as granular
activated carbon.




Enhanced Disinfection Byproduct Precursor Control

Need to consider:

» Challenges systems may face when implementing
enhanced coagulation or other treatment processes

* Practices currently in place or planned that also
remove precursors (e.g., granular activated carbon)

» Other actions that systems can take to reduce
disinfection byproduct precursor levels




Chloraminating Systems



Requirements for

Chloraminating Systems UCMR4 and SYR4 ICR indicate approximately 17% of CWS serving 37% the of national population use
chloramines.

Some systems that maintain a chloramine residual conduct temporary chlorine conversions (also known as
chlorine burns) to address distribution system water quality issues

Temporary chlorine conversions can create significant short-term increases in regulated disinfection
byproduct concentrations

The EPA is considering requiring monitoring before, during, and after a temporary chlorine conversion;

Results to be reported as a time weighted average for the quarter




Requirements for Chloraminating Systems

« Nitrification occurs when microbes in the distribution system convert ammonia (used in chloramination) into
nitrite and nitrate.

» Exposure to nitrate and nitrite is associated with adverse effects including blue baby syndrome.

* The EPA is considering requiring chloraminating water systems to develop Nitrification Control Plans,
which may include monitoring for nitrogen and related parameters

» Plans would specifying a monitoring schedule, triggers, and identify corrective actions

R R T A RSN R
R R RN B RS R S E S PN R RS N R e 0

<Y

[

Monochloramine Monochloramine ?;
disinfection E> decay . [:> NH 4* ;

Nitrification activities within deposit sediment of drinking water supply system




Storage Tanks



Storage Tanks: Potential Revisions

« Storage tanks are typically evaluated during
State sanitary surveys, every 3-5 years.

 Storage deficiencies are commonly found

« Storage facilities have been documented as
a source of waterborne disease outbreaks.

« Sanitary surveys often do not involve
comprehensive inspections of structural
integrity, or of the internal conditions (e.g.,
sediments, coating conditions, water age).




Storage Tanks: Potential Revisions

The EPA is considering a requirement for systems to
ensure that finished water storage facilities are

periodically inspected by trained or experienced
personnel.

ldentify technologies available to assist in inspection of
storage tanks (e.g., drones or submersible cameras)

Other actions that would improve storage tank
conditions and water quality
Clean the tanks as needed in response to:
1. Inspection findings,
2. Continual loss of disinfectant residuals, or
3. Sediment leaving the tank.

!
{ ’
|
|
i
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Consecutive Systems



Consecutive Systems:
Potential Revisions

Consecutive systems are
systems that do not treat the
drinking water but purchase

treated water from another
(wholesale) system

For some consecutive
systems, water age may be
greater, potentially resulting

in

EPA data indicates that
consecutive systems are 3.5
times more likely to have
health-based violations than

for non-consecutive systems.

Some consecutive have little
information on quality of
water quality received from
wholesale systems

lower disinfectant residuals,
Taste and odor issues,
Bacterial growth, and
Nitrification problems.




Consecutive Systems: Potential Revisions

« The EPA is considering requirements for wholesale systems to conduct disinfectant residual and/or
disinfection byproduct monitoring at active points of connection (i.e., interconnection)

« Monitoring would take place
« At a regular frequency,
* Inresponse to a health-based violation or
« Other threshold level exceedance at the wholesale or consecutive system.

* Require that wholesale/consecutive systems participate in a consultation with the primacy agency after
repeated health-based violations.




Consecutive Systems

Wholesale system monitoring at the interconnection versus the
closest monitoring location for better understanding water quality
parameters and improving regulatory compliance

Consultation between the primacy agency, wholesale system, and
consecutive system following a violation or other exceedance of an
operational threshold for developing solutions to address water
quality problems

Non-regulatory actions (e.g., water purchasing agreement
templates) or information (wholesaler water quality data) that
would be useful for improving water quality in consecutive systems

Other actions that would improve consecutive systems’ability to

improve their water quality ACEN

Legend
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@ TRCO5-10ppm
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GUI - Groundwater Under the
Influence



The NDWAC Panel voiced concerns
regarding how "groundwaters under
the influence of surface water" are

identified and classified.

Hazen

Groundwater Under the Influence

GUI

* Could require new monitoring
and reporting

* Monitoring may be
ongoing/periodic
olnclude additional parameters

e Consequences could be
dramatic and costly
oSW treatment
oDisinfection




Preliminary Cost Estimates



Costs Associated with Potential Compliance Actions

 Rule revisions to the Microbial and Disinfection Byproducts Rules may require regulated public water
systems to make treatment or operational changes, at the plant or in the distribution system, to improve
conditions related to the microbial and disinfection byproduct-related contaminants of concern in their
drinking water.

« EPA has estimated some of the preliminary system level costs associated with these potential revisions
including:
 Disinfectant residual requirements (numeric threshold, compliance criteria)
* Precursor removal requirements
» Re-evaluation of residual monitoring sites and development of distribution system monitoring plans

« Additional monitoring where applicable e.g. related to vulnerability screening, chlorine conversions, active points of
interconnection, and Nitrification Control Plans (NCPs)

» Inspection and cleaning of storage tanks

« Consultation efforts related to consecutive systems




Costs Associated with Potential Compliance Actions

* |f a surface water or GWUDI system measures disinfectant levels below required minimum disinfectant
residual level, there are many actions the public water systems may take to comply.

* The system would determine the most appropriate action for their system.

 Potential actions include flushing, increasing disinfectant dose or boosting dose in the distribution system,
or changing disinfectants. EPA has preliminarily estimated system level costs associated with booster
disinfection and alternative disinfection (switching from chlorine to chloramines) and is developing
estimates for other actions.

 Preliminary Annual Operation and Maintenance Costs per System by Size, Mid Point Estimates (2023$)

Preliminary Annual Operation and Maintenance Costs per System by Size, Mid Point Estimates (20235%)

_"mmmlLL”! l I

110 1,300 51,700
Dunrfnd:lnn
Alt=rmstive 45 500 59 900 510, 700 21, 600 430,000 ST 10D SR6. 100
Dizimfection

Motes: Cost information was developed from Work Breabdown Stroctune maodels. While considering additiona input, the EPY intends to peer reviesw these models.
Model fssumption: Disinfectant dose change only




Costs Associated with Potential Compliance Actions

« Water systems identified as vulnerable through a vulnerability screening may be required to further reduce
DBP precursors (e.g., TOC) beyond what is currently required in the treatment technique (i.e.,3x3 matrix).

* The system would determine the most appropriate action for their system to comply.

« EPA anticipates that many water systems would modify existing processes to achieve extended
coagulation to comply. Systems may also consider use of biologically active filtration, preoxidation,
powdered activated carbon, or granular activated carbon. EPA has preliminarily estimated system level
costs associated with enhanced coagulation (e.g. increased chemical dose).

Freliminar'gr Annual Operation and Maintenance Costs per System by Size, Mid Point Estimates (20235)

410,700 425,100 579,200

'Em
Note: Cost information was developed from Work Breakdown Structure models. While considering additional input, the EPA intends to peer review these models.
Mode| Assumptions: Baseline = 40 mg/1 sluminum sulate [alum), Compliance = 70 mg/ aluminum su¥abe (alum), Disposal Costs = 20% solids in disposed sludge
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Costs Associated with Potential Storage Tank Inspections and Cleaning

Inspection Only Cleaning Only? Inspection & Cleaning
$2,000 $3,000 $5,000
$2,000 $3,000 $5,000
$2,000 $3,000 $5,000
$2,400 $8,300 $10,700
$2,700 $9,300 $12,000
$3,400 $10,800 $14,200
$3,400 $10,800 $14,200
$3,400 $10,800 $14,200

Notes: The EPA's storage tank inspection and cleaning cost model uses cost information from the Final Revised Total Coliform Rule Technology and
Cost document (Table 5-25) to estimate O&M costs. Information from the EPA’s 7 Drinking Water Infrastructure Needs Survey and Assessment is
used to estimate the average tank size among the system size categories presented.

1. O&M unit costs for inspection only, and inspection and cleaning non-elevated storage facilities were assumed to be equivalent to that of elevated
storage facilities. Costs include inspection, labor, equipment, and insurance.

2: Cleaning-only costs were calculated by subtracting Inspection-only from Inspection & Cleaning, noting that the costs are from different sources.
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Summary and Discussion

« EPAis considering several revisions that may result in increased monitoring at water systems including a
source water vulnerability screening, additional DBP monitoring during chlorine conversions, DBP and/or
residual monitoring at active points of interconnection, and development Nitrification Control Plans, which
can involve additional monitoring.

 Incremental monitoring cost may be associated with

« Water system operator time costs of taking additional samples: 1 hour per sample

« Equipment and installation of a new sampling station (if needed)

« $500-1500 per station, 3 distribution system operators, 3 hours each

 Analytical costs for additional DBP, precursor, or residual samples
« costs vary by analyte; ex. $80/sample for TOC

« Purchasing new disinfectant residual analytical instruments $70-700




Funding Considerations

» The Drinking Water State Revolving Fund (DWSRF) provides below-market rate loans to fund
infrastructure improvements to water systems to protect public health and ensure compliance with the Safe

Drinking Water Act.

» Eligible projects related to addressing microbial and disinfection byproduct-related contaminants may
include installation, upgrade, and replacement of treatment facilities,

» Finished water storage facilities,
* Transmission and distribution systems, and

« Any associated planning and design activities.

Funding availability is uncertain in light of recent budget cuts
and program re-alighment




Take Home Message!

Requirements for storage
tanks

r 3
Establish a numerical
minimum disinfectant

residual

\_ »

~ ™

Possible monitoring for
legionella

" >

- =

Additional brominated
HAAs; may be under the
same MCL (60 ppb) or
individual MCLs for selected

brominated species

No actions for nitrogenous
DBPs likely

Consecutive Systems

~ ~N

Regulatory requirements be
met at each point of

connection (POC) with a
consecutive system

Require monitoring and
reporting of appropriate
regulatory parameters at all
POCs

>

~ B
Establish communication
avenues for/between
wholesalers and
consecutives




Additional information and Thank You!

Additional information on proposed revisions to the Microbial and Disinfection
Byproducts Rules: https://www.epa.gov/dwsixyearreview/potential-revisions-
microbial-and-disinfection-byproducts-rules

Thank You!

Chris Owen cowen@hazenandsawyer.com




	Slide 1: “The Long and Winding Road for the MDBP Rules - What is Next?”  
	Slide 2: Potential Revisions to the Microbial and Disinfection ByProduct National Primary Drinking Water Regulations
	Slide 3: Background
	Slide 4: Federal SDWA Process
	Slide 5: Six Year Review Process
	Slide 6: 2017 Microbial and Disinfection ByProduct Six Year Review Outcome
	Slide 7: Waterkeeper Alliance v. EPA
	Slide 8
	Slide 9: NDWAC  MDBP Rule Revisions WG  
	Slide 10: MDBP WG Technical Analysts
	Slide 11: Introduction
	Slide 12: Public Health Risks from Microbial pathogens in Drinking Water
	Slide 13: NDWAC Recommendations
	Slide 14: Opportunities for Potential Rule Revisions
	Slide 15: Public Health Risks from Disinfection ByProducts in Drinking Water
	Slide 16: Candidates for Regulatory Revision
	Slide 17: Input on Potential Rule Revisions
	Slide 18: Disinfection
	Slide 19: Disinfection Residuals: Potential Revisions
	Slide 20: Disinfection Residuals: Potential Revisions
	Slide 21: Disinfection Residuals: Potential Revisions
	Slide 22: Disinfection Residuals: Potential Revisions
	Slide 23: Disinfectant Residuals - Considerations
	Slide 24: Legionella
	Slide 25: Disinfection ByProducts
	Slide 26
	Slide 27: THMs and HAAs
	Slide 28
	Slide 29: Total Organic Carbon Removal
	Slide 30: Enhanced Disinfection Byproduct Precursor Control
	Slide 31: Enhanced Disinfection Byproduct Precursor Control
	Slide 32: Chloraminating Systems
	Slide 33: Requirements for Chloraminating Systems
	Slide 34: Requirements for Chloraminating Systems
	Slide 35: Storage Tanks
	Slide 36: Storage Tanks: Potential Revisions
	Slide 37: Storage Tanks: Potential Revisions
	Slide 38: Consecutive Systems
	Slide 39: Consecutive Systems: Potential Revisions
	Slide 40: Consecutive Systems: Potential Revisions
	Slide 41: Consecutive Systems
	Slide 42: GUI - Groundwater Under the Influence
	Slide 43: Groundwater Under the Influence
	Slide 44: Preliminary Cost Estimates
	Slide 45: Costs Associated with Potential Compliance Actions
	Slide 46: Costs Associated with Potential Compliance Actions
	Slide 47: Costs Associated with Potential Compliance Actions
	Slide 48: Costs Associated with Potential Storage Tank Inspections and Cleaning
	Slide 49: Summary and Discussion
	Slide 50: Funding Considerations
	Slide 51: Take Home Message!
	Slide 52: Additional information and Thank You!

