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Segment 1: Agenda Review & Meeting Procedures

Rob Greenwood, Ross Strategic
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Today’s Virtual
Meeting: Zoom
Controls

This meeting is not being recorded

The Zoom menu bar appears at the

bottom of the Zoom window once If you don't see the menu bar, move your
the meeting begins. o ) ,
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Public Attendees

* You are in listen only mode and will not be able to unmute. If you are
having audio difficulties send an email to

taner.durusu@cadmusgroup.com

« Any comments you may have can be sent to MDBPRevisions@epa.go
or to Public Docket: www.regulations.gov / Docket ID Number: EPA-HQ-

OW-2020-0486
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» Agenda Review and Meeting Procedures

11:00-12:45 .  Follow up on problem characterization discussions on opportunistic pathogens
and disinfectant residuals; Follow up on problem characterization discussion on
disinfectants/disinfection byproducts

15 Minute Break (12:30 — 12:45 pm ET)
« Regulatory and Policy Considerations for Risk Balancing/Interdependencies
12:45 - 4:10 60 Minute Lunch Break (1:30 — 2:30 pm ET)
* Problem Characterization on Risk Balancing/Interdependencies
10 Minute Break (4:10 — 4:25 pm ET)
4:95 - 6:00 ‘ Cont.: Working Group Discussion Problem Characterization on DBPs
» Meeting 5 Agenda & Next Steps
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Topics Meeting Series

1 Introductions, Priorities, & WG Goals
1 Principles, Priority Areas, I 2 Problem Characterization Areas
Challenge Areas
I 3 Problem Areas in More Detail (Part 1)
PR WSl Problem Areas in More Detail (Part 2) We Are Here

Interventions I 5 Stepping Back — Wrap Up of Problem Characterization

' 6 Intervention Scoping & Evaluation Approach
4 Implementation
Mechanisms l 7 Intervention Characterization (Part 1)
5a Findings ' 8 Intervention Characterization (Part 2)
' 9 Connect Preferred Interventions to Implementation
b Recommendations l |[oJ8 Translate Interventions to Recommendations
6 Final Report l 1§l Draft Recommendations

Final Refinements to Recommendations

ii

Final Report



Segment 2: Follow up on Problem
Characterization

Kenneth Rotert, U.S. EPA OGWDW
Technical Presentation and Panel Discussion

November 3, 2022
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Problem Characterization on Opportunistic Pathogens & ,EPA
and Disinfectant Residuals: Follow up information NEE

. Tledchnlcal analysts who provided input to the responses on the following
slides

« Mark LeChevallier — Dr. Water Consulting LLC. Formerly with American
Water.

« Nancy Love — The University of Michigan

« Shawn McEImurry — Wayne State University

» Andrew Jacque — Water Quality Investigations

« Steven Duranceau — University of Central Florida
« Zaid Chowdhury — Garver

« Susan Teefy — East Bay Municipal Utility District

« Stuart Krasner — formerly with the Metropolitan Water District of
Southern California

« Chris Owen — Hazen and Sawyer




Problem Characterization on OP, Residuals, and DBPs: \ SEPA
Follow up Information

How do sampling designs affect the occurrence of
opportunlstlc pathogens?

Sampling design is always related to the questions being asked. For example, monitoring water that is
consumed could be related to exposure or risk. Monitoring biofilms could be related to opportunities for
growth. But finding microbes in biofilms doesn't necessarily mean that people are exposed to those
microbes unless they are released from the biofilms. Compliance monitoring is designed so that similar
data are collected from all systems.
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Problem Characterization on OP, Residuals, and DBPs: \ SEPA
Follow up Information

° What leads to simultaneous compliance issues?

Many things could lead to simultaneous compliance issues. Lower pH will reduce THM but increase HAAs and vice
versa. Lower pH could cause corrosion problems to worsen. Lower pH can also improve TOC removal in conventional
treatment, leading to lower chlorinated DBPs upon subsequent chlorination. Similarly, increasing disinfectant
residuals at the remote parts of the system will result in higher DBPs as discussed earlier.

«  Some technical analysts have differing viewpoints on the following:

« The degree to which excessive presence of biofilm leads to increased DBP formation and increased corrosion

of plumbing. Being unregulated, biofilm problems go unsolved or are only marginally corrected with current
guidance.

«  How much biofilm is present and how continuous it is. Biofilms will be naturally present where nutrients exist.
Numerous studies support this though various tests, such as PCR testing, DNA testing, swab tests. Surface

type also matters, and shifting of biofilm type is seen in a system and within short stretches of the same
system.

« Additional considerations related to simultaneous compliance include control of nitrification; the impact of bulk-pipe
wall conditions such as material of construction, workmanship, tubercle quantities/deposits and similar related items
that impact system water quality dynamics; the feasibility of control approaches that may or may not exist; and the
relative impacts of a specific technical concept being presented.

OFFICE OF GROUND WATER
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Problem Characterization on OP, Residuals, and DBPs: &,EP
Follow up Information .

* What leads to simultaneous compliance issues (cont.)?

« Elevated ozone doses may be needed under some circumstances to achieve adequate disinfection, this
can lead to formation of bromate.

« Switching distribution systems residual disinfectant, for example from free chlorine to chloramine,
can reduce chlorinated DBPs but can lead to problems complying with the lead and copper rule and
the total coliform rule.

« What are the root causes for D/DBP Rule non-compliance?

« In free chlorine systems DBP Rule non-compliance probably results mainly from lack of precursor
removal and long water age (which leads to biofilm formation and secretion of DBP precursors).

« In chloraminated systems DBP levels are often not an issue even if the precursor concentrations are
high, but these systems face challenges in maintaining disinfectant residuals due to nitrification.
Chloraminating systems will have more of an issue with currently unregulated DBPs (e.g.,
nitrosamines), especially in systems that do not have a free chlorine contact time prior to chloramine
conversion.

« High levels of precursors, especially bromide, which is not removed by coagulation or GAC. High water
age, high water temperature.

OFFICE OF GROUND WATER
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Problem Characterization on OP, Residuals, and DBPs: <zEPA
Follow up Information g

 What are the common factors between DBP and OP
occurrence?

« Stagnation tends to increase THM levels, decrease disinfectant residuals, and provide opportunities
for OP growth. However, other DBPs (like HAAS) can decrease due to biodegradation. Long water
age and consecutive systems will have the same effect.

« Biofilms secrete DBP precursors and create a home for OPs to hide and thrive.

« Precursor source also is relevant in considering DBP formation and OP occurrence. For
example, humic and high-molecular-weight TOC is a source of THM and HAA precursors, whereas
low-molecular-weight and non-humic TOC is a source of biodegradable organic matter.



Problem Characterization on OP, Re_siduals, and DBPs: & EPA
Follow up Information Nt

» How useful are the existing IDSES?

« If the IDSEs are updated as stipulated in the original rule, they could be valuable, however, a system is
never static and IDSE for one scenario or season may not be accurate for another period.

« What are the impacts of high chlorine doses close to plants?

« The issue with high chlorine residual close to the plant is the chlorinous taste and smell of the water
that is often not acceptable to customers. Utilities try not to expose customers close to the plant to
excessive chlorine levels. Rechlorination points in the system are a better option if needed.

« Exceeding the MRDLs is also more likely. Additionally, the rate of DBP formation will significantly
increase at higher chlorine residual conditions.

« Boosting monochloramine can be done, but it is not straightforward and requires significant operational
oversight. If done incorrectly it can lead to loss of disinfectant residual and increases in DBPs. Boosting
free chlorine is less complex but can result in higher DBPs.

OFFICE OF GROUND WATER




Problem Characterization on OP, Re;iduals, and DBPs: & EPA
Follow up Information

« To what extent do reduced monitoring provisions result in
missing DBP problems?

No responses provided

How frequently are monitoring plans reviewed?

No responses provided

How much are users responsible for water quality?

Owners and operators of large buildings should have a building water management plan in accordance

with ANSI/ASHRAE Standard 188; this is a best practice but not required other than in New York and in
VA hospitals.

Owners that oversize plumbing for future expansion create the potential for water quality degradation
and subsequent WQ issues.

Consider delineation between the utility-owned component and the property/building owner
component.
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Legionnaires’ Disease in the United States

Chris Edens, PhD
Epidemiologist, NCIRD/DBD/RDB EPA NDWAC WG

Centers for Disease Control and November 3, 2022
Prevention




Number of Reported LD Cases, National Notifiable
Diseases Surveillance System (NNDSS), 1990-2021
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LD Testing

* Legionella UAT is rapid and detects L. pneumophila
serogroup 1, the most common cause of disease

* PCR performed on lower respiratory specimens (e.g.,
sputum) or pathologic specimens not conducive to
culture (e.g., formalin-fixed lung tissue)

* Culture performed on lower respiratory specimens
(e.g., sputum) detects all species and serogroups and
allows for comparison of clinical and environmental
isolates during outbreak investigations

If Legionella infection is suspected, collect lower respiratory specimens
for diagnostic testing, and consider retaining for public health purposes

20



Cases and Incidence by Age Group and Race,
2003-2018
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Age-standardized Incidence by Race and Year
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https://pubmed.ncbi.nlm.nih.gov/35195513/

Disparate impact of LD

e Cause of racial disparities is likely multifactorial and worsening

* Certain comorbidities associated with an increased risk for LD are more
common among Black or African American persons

* Diabetes, end-stage renal disease, and some cancers
* Social determinants of health

* Census tracts with higher poverty and lower education levels had a higher incidence of
LD

* Proximity to cooling towers, construction sites, and certain industries were risk factors
for LD

* Residence in areas with more vacant housing, more renter-occupied homes, and more
homes built before 1970 were identified as risk factors for LD

* More cases of LD were reported among people working in hazardous or service
industries (such as transportation, repair, protective services, cleaning, and construction)



Age-standardized Average Incidence by
Jurisdiction, 2003-2018
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Cases and outbreaks

* Majority of LD cases reported to CDC are not associated with a known
cluster
* <5% are part of an outbreak
* >60% have no reported exposures (hot tub, travel, healthcare)

* Likely an underestimate of the true burden of outbreak-associated
disease
* GA enhanced their case questionnaire in 2017
e Qutbreak-associated cases jumped to 14%
* Qutbreak reporting to CDC is voluntary
* Huge variability in % of identified outbreaks reported by state



Potential COVID-19 impacts
on LD cases and surveillance

26



Changes N Reported Cases
Cumulative LD Cases Reported to NNDSS by MMWR Week, 2018-2021
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These are preliminary data reported into NNDSS weekly and available through CDC WONDER.
These are not final data for any of the years presented.



Changes in Incidence
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Changes in Epidemiology in 2020

Potential to reduce LD incidence Potential to increase LD incidence
* Reduction in travel overall e Changes in travel accommodation
e Reduction in healthcare exposures preferences

* Increases in recreational water exposure
* Increases in gardening and other activities

* Exposure to systems with stagnant water

o ERE A e &
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Chris Edens, PhD
Epidemiologist
iekd@cdc.gov




Resources

* PreventLD Training: https://www.cdc.gov/nceh/ehs/elearn/prevent-LD-training.html

* Toolkit: Developing a Water Management Program to Reduce Legionella Growth and Spread in Buildings: https://www.cdc.gov/legionella/wmp/toolkit/index.html

* Toolkit for Controlling Legionella in Common Sources of Exposure: https://www.cdc.gov/legionella/wmp/control-toolkit/index.html

* Legionella Environmental Assessment Form: https://www.cdc.gov/legionella/downloads/legionella-environmental-assessment.pdf

* Legionella Environmental Assessment Form Marking Guide:
https://www.cdc.gov/legionella/downloads/legionella-environmental-assessment-marking-guide-508.pdf

* Considerations for Hotel Owners and Managers: https://www.cdc.gov/legionella/wmp/hotel-owners-managers.html

» Considerations for Vacation Rental Owners and Managers: https://www.cdc.gov/legionella/wmp/vacation-rental.html

* Preventing Waterborne Germs at Home: https://www.cdc.gov/healthywater/drinking/preventing-waterborne-germs-at-home.html

* CDC Building Reopening Guidance: www.cdc.gov/coronavirus/2019-ncov/php/building-water-system.html|

* EPA Guidance for Maintaining or Restoring Water Quality in Buildings with Low or No Use:
https://www.epa.gov/coronavirus/information-maintaining-or-restoring-water-quality-buildings-low-or-no-use

*  AWWA, IAPMO, Responding to Water Stagnation in Buildings with Reduced or No Water Use:
https://www.awwa.org/Portals/0/AWWA/Government/20201001FrameworkforBuildingManagersFINALDistCopy.pdf

* ASHRAE Standard 188 & Guideline 12: https://www.ashrae.org/technical-resources/standards-and-guidelines/guidance-on-reducing-the-risk-of-legionella 31
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Technical Panel

Shawn McEImurry, Chris Owen, Vanessa Speight
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15 Minute Break

12:30 — 12:45 pm ET



Segment 3: Existing
Regulatory and Policy
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Interdependencies
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Vo
Presentation Overview ‘?EPA

* Monitoring requirements
« Treatment technique requirement for D/DBPRs
» Disinfection benchmark and profiling

« Consecutive systems including requirements for both microbials
and DBPs

« Requirements for sanitary surveys for surface water systems
« Compliance analysis



Disinfectant Residual Monitoring Requirements in <EPA
Distribution System (DS) under SWTR oo

« Residuals in the distribution system must be measured at least at the same points and at
the same time as Total Coliform (TC) are sampled (including routine or repeat samples,
and additional samples for evaluations) (40 CFR 141.74; Analytical and monitoring
requirements.)

« The state may allow a public water system which uses both a surface water source,
and a ground water source to take disinfectant residual samples at points other than
the TC sampling points if the state determines that such points are more
representative of treated (disinfected) water quality within the distribution system.

« Minimum number of monthly routine TC samples depends on the population served.

« All PWSs must collect TC samples according to a written sample siting plan, which is
subject to state review and revision.

 This plan ensures samples are collected at locations representative of the entire
distribution system.

« Systems must collect samples at regular time intervals throughout the month.



Public Water System ROUTINE Monitoring Frequencies

PWSs under RTCR

Minimum Number of Routine TC Samples per Month for

Minimum Minimum Minimum
Population Samples/ Population Samples/ Population Samples/
Month Month Month
25-1,000* 1 21,501-25,000 25 450,001-600,000 210
1,001-2,500 2 25,001-33,000 30 600,001-780,000 240
2,501-3,300 3 33,001-41,000 40 780,001-970,000 270
3,301-4,100 4 41,001-50,000 50 970,001-1,230,000 300
4,101-4,900 5 50,001-59,000 60 1,230,001-1,520,000 330
4,901-5,800 6 59,001-70,000 70 1,520,001-1,850,000 360
5,801-6,700 7 70,001-83,000 80 1,850,001-2,270,000 390
6,701-7,600 8 83,001-96,000 90 2,270,001-3,020,000 420
7,601-8,500 9 96,001-130,000 100 3,020,001-3,960,000 450
8,501-12,900 10 130,001-220,000 120 2 3,960,001 480
12,901-17,200 15 220,001-320,000 150
17,201-21,500 20 320,001-450,000 180

*Includes PWSs which have at least 15 service connections, but serve <25 people.

EPA

OFFICE OF CROUND WATER
AND DRINKING WATER

Source: 40 CFR 141.21;
Coliform sampling.




IDSE vs Routine Monitoring Requirements <EPA

under Stage 2 D/DBPR for THM4 and HAAS

Monitoring Requirements
under IDSE (One Time)

Routine Monitoring Requirements

Source Population
Water Number of | Number of Tepel e [N ey
. Frequency . Samples per
Locations Samples Locations Year
<500 3 3 Per year® 2 2
500 - 3,300 3 9 2 8
3,301 -9,999 6 36 2 8
10,000 — 49,000 12 72 4 16
Subpart H Per
50,000 — 249,999 24 144 8 37
quarter
250,000 - 999,999 36 216 12 48
1,000,000 - 4,999,999 48 288 16 64
> 5,000,000 60 360 20 80
<500 3 3 L2 2
Per year
500-9,999 3 9 2 2
Ground
Water 10,000 — 99,999 12 48 S 4 16
100,000 - 499,999 18 72 quarter 6 24
> 500,000 24 96 8 32

1. Systems serving < 10,000 and Subpart H systems serving < 500 must increase monitoring to quarterly if an MCL is
exceeded.

OFFICE OF GROUND WATER
AND DRINKING WATER

o

One-time Monitoring Reguirements under

Initial DS Evaluation (IDSE):

« To identify high THM4 and HAAS
occurrence sites throughout DS
« Based on source water type and system
size
« Additional data sources used such as
grandfathered data and models
Routine Compliance Monitoring Requirements:
« Based on source water type and system
size
« Selection of monitoring sites: combination
of high DBP sites under IDSE and
selected existing Stage 1 monitoring sites
Compliance monitoring plans must be
submitted to primacy agencies.




Treatment Technique Requirement — Stage 1 D/DBPR \‘?EPA

OFFICE OF GROUND WATER
Source Water Alkalinity, mg/L as CaCO3

Source Water TOC (mg/L) 0-60 > 60 to 120 > 120
> 2.0t04.0 35.0% 25.0% 15.0%

> 4.0 to 8.0 45.0% 35.0% 25.0%

> 8.0 50.0% 40.0% 30.0%

« Subpart H systems that use conventional coagulation treatment are required to remove specific percentages
of organic matter, measured as total organic carbon (TOC), that may react with disinfectants to form DBPs.

« Removal must be achieved through a treatment technique (enhanced coaqgulation or enhanced softening)
unless a system meets alternative criteria. Systems practicing softening must meet TOC removal requirements
for source water alkalinity greater than 120 mg/L CaCO;.

« TOC removal requirements using the 3x3 matrix were set with the intent that 90% of affected systems would
be able to achieve them.

« Alternative performance criteria were included when it was technically infeasible for systems to meet the 3x3
matrix removal requirements.

« Alternative TOC removal percentage may be determined by performing jar tests on at least a quarterly basis
for one year and the alternate percentage set at the point of diminishing return.

« It was assumed that utilities would design the treatment process to removal TOC with a 15% safety factor
(e.g., 34.5% removal to reliably achieve a 30% removal).




vEPA

Key Existing Requirements for Interdependencies  «[=
Today’s Presentation

Lo Contaminants of Concern
Drinking Water

Value Chain Microbials Interdependencies DBPs

Source Water
Treatment
Distribution

Premise




Key Existing Treatment Requirements for Interdependencies & FEPA
— Disinfection Benchmark and Profiling (IESWTR and LT1)  efmas

«  Public water systems must evaluate impacts on microbial risk before changing disinfection practices to
ensure adequate protection is maintained. Significant changes to disinfection practice include:

« Changes to the point of disinfection.

« Changes to the disinfectant(s) used in the treatment plant.

«  Changes to the disinfection process.

«  Any other modification identified by the state as a significant change to disinfection practice.

« Includes three major steps:

« Determine if a public water system needs to profile based on TTHM and HAAS levels
(applicability monitoring) (annual average level TTHM > 0.064 mg/L or HAAS > 0.048 mg/L);

«  Develop a disinfection profile that reflects daily Giardia lamblia inactivation for at least a year
(systems using ozone or chloramines must also calculate inactivation of viruses); and

« Calculate a disinfection benchmark (lowest monthly inactivation) based on the profile and
consult with the state prior to making a significant change to disinfection practices.

. EPIA ?rovided a Disinfection Profiling and Benchmarking Guidance Manual to assist with making these
calculations.




Key Existing Distribution System Requirements for  <EPA
Interdependencies — Consecutive Systems o[

« Consecutive systems meet the same requirements for D/DBPR MCLs and
MRDLs, and SWTR disinfectant residuals in distribution systems, as non-
consecutive systems.

« Consecutive and wholesale systems must determine their compliance
schedules based on the population of the largest system in the combined
distribution system.

« The provisions for consecutive systems under 40 CFR 141.29 allow the State
to modify the monitoring requirements for combined distribution systems.
When justified, the State may treat the combined distribution system as a
single system for monitoring purposes. Such systems must follow a
monitoring schedule specified by the State and concurred with by the
Administrator of the EPA.



Key Existing Cross-Cutting Requirements for v EPA
Interdependencies — Sanitary Surveys o[

« Sanitary surveys are conducted at all PWSs in the United States to assess the PWS's
capability to supply safe drinking water. These surveys are used to identify risks or
deficiencies within water system infrastructure, operations, and management and are an
important tool for primacy agencies to oversee and assist PWSs in complying with SDWA.

« States or other agencies with primacy are responsible for completing sanitary surveys and
reporting information collected to USEPA.

« Sanitary surveys are conducted once every 3 years for community water systems (every 5
years for noncommunity water systems) for all surface water and GWUDI systems
regardless of size.

» Deficiencies found during sanitary surveys may be classified as significant or minor.

« They help to characterize the potential challenges faced by water systems in providing
safe drinking water and assists systems and regulatory authorities prioritize risk
management efforts and provide technical assistance.



. - SEPA
Compliance Analysis — Selected Results W=

* Previous meeting presented on violations for D/DBPRs including
from In-Depth analysis about consecutive systems.

 Additional information relevant to D/DBPR non-compliance:

« D/DBPRs (Stage 2) have the most health-based (HB) violations,
however over the last five years the number of systems with
D/DBPR violations has decreased by 41%.

« Most D/DBPR violations (FY 21) occur at SW systems (64%).

« Half (50%) of all HB violations at SW systems are D/DBPR (FY
21); for GW systems only 17% of HB violations are D/DBPR.



OFFICE OF GROUND WATER

Examples of Violation Types under SWTR, IESWTR, and &EPA
LT1 o [z

« Treatment Technique

« Failure to ensure total treatment achieves 99.9% (3-log) inactivation and/or removal of Giardia
?g\c/:lv _IqtR ;east 99.99% (4-log) inactivation and/or removal viruses as determined by the State.

« A PWS using a surface water source or a GWUDI lacking operation by qualified personnel who
meet the requirements specified by the State. (SWTR)

« A system that does not maintain the residual disinfectant concentration level (0.2 mg/L) entering
the distribution system for more than 4 hours, or more than 5% undetectable residual samples
(violation doesn't result for the system until the second month of having no detectable residual
in 5% or more of the samples). (SWTR)

« A system that fails to profile or consult with the state before making a significant change to a
disinfection practice if required to develop a disinfection profile. (IESWTR and LT1)

« A cdorl}l\{%mtional or direct filtration system that fails to meet the turbidity requirements. (IESWTR
an

« Monitoring and Reporting

« Failure to collect and/or report required 1) turbidity samples; or 2) entry point disinfectant
residual concentrations; or 3) distribution system disinfectant concentrations from a filtered
water system.



EPA Compliance Monitoring Time Series Data — Health-based <FEPA

Violations of SWTR; Number of Systems in Violation .

Number of Systems in Violation (0 — 400)

Mumber of Systems in Violation
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2013 2017 2021

Source: SDWIS. Criteria: PWS_TYPE_CODE is equal to CWS; and RULE_CODE is not equal to / is not in 500; and
NPM_CANDIDATE is equal to / is in Y; and VIOLATION_CATEGORY_DESCRIPTION is equal to Maximum
Contaminant Level Violation, Treatment Technique Violation; and RULE_CODE_NAME is equal to SWTR.




EPA Compliance Monitoring Time Series Data —<EFPA
Health-based Violations of LT1 ¢

Number of Systems in Violation

OFFICE OF GROUND WATER
AND DRINKING WATER

140

100

80
Number of

& Systems in
Violation

50

Number of Systems in Violation

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
oooooooooooooooooooooooooooooooooooooo
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Number of Systems in Violation (0 — 140)

Submission Year Quarter

Source: SDWIS. Criteria: PWS_TYPE_CODE is equal to CWS; and RULE_CODE is not equal to / is not in 500; and
NPM_CANDIDATE is equal to / is in Y; and VIOLATION_CATEGORY_DESCRIPTION is equal to Maximum Contaminant
Level Violation, Treatment Technique Violation; and RULE_CODE_NAME is equal to Long-Term 1 ESWTR.




- SEPA
Segment 3: Regulatory and Policy Framework for D/DBPRs: \"
Discussion Topics

« Clarifying Questions

 Based on your understanding, are there further features or aspects of the
rules that you would like to highlight for WG consideration?

* Are there other aspects of the interdependencies of balancing risks while
managing microbial pathogens and DBPs that you would like to learn
more about to inform Working Group discussions, and why?
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Segment 4: Problem Characterization on Risk
Balancing/Interdependencies

EPA & Technical Panel
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Disclaimer — Materials Not Developed or Provided by EPA YEPA

The following slides were developed by water industry experts,
who are not employed by EPA. The content of these slides do not
necessarily reflect EPA policies or positions.




Impact of increasing disinfectant
residuals on DBP levels in the
distribution system

R. Scott Summers
University of Colorado — Boulder
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The Problem:
The need to meet a minimum chlorine residual
without exceeding the disinfection byproduct MCL

chlorine decay TTHM formation
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2.5 20
2.0
Cl2 dose °0 1
= (|2 residual

Chlorine residual (mg/L)
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Water age or time (days) Time (days)  All graphs in this

presentation are meant
to illustrate chlorine and
DBP behavior
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Three approaches for increasing disinfectant
residual in the distribution system

A) Optimize distribution system (DS) management

B) Increase removal of compounds in the source water that react with
chlorine

* Organic matter (OM) — natural organic matter (NOM) and wastewater effluent
organic matter (EfOM) most often measured by total organic carbon (TOC)

* Inorganic compounds (e.g., Fe, Mn, NH;)
C) Increase disinfectant dose

* We will focus on the use of chlorine as increasing the chloramine dose does not
vield high levels of DBPs

All of theses can work and should be
evaluated based on cost efficiency



Chlorine ChemiStry Chlorine is a strong

oxidant and very
reactive

* Intended disinfection reaction

Chlorine + pathogenic microbes » inactivated pathogens
* Byproduct reactions
Chlorine
+ inorganic compounds (Fe, Mn, NH;)— oxidized inorganics
+ organic matter (NOM + EfOM) —— oxidized OM

—— substituted OM
organic DBPs, e.g., THMs

+ bromide —> brominated DBPs
* ~90% of the reacted chlorine yields chloride (Cl- ) and ~10% yields DBPs
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Chlorine residual (mg/L)

Relationship of chlorine dose to
a) chlorine residual,

b) chlorine demand and

c) DBP formation

~ 3% of CD yields THMs
chlorine decay chlorine demand > TTHM formation
3.0 T 3.0 80
- 4 — 25 —_
- CI2 dose ?D ?D 60 -
+ —Cl2 residual £ 20 - 2
. 2 S
T Chlorine g 1.5 - © 40
demand (CD) 2 %
T o 1.0 - s}
oy c
: S 8 201 —TTHM
T = 0.5 S
C © T
0.0 + . . — 0.0 . . . =0 . . .
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8

Water age or time (days) Time (days) Time (days)



Chlorine chemistry

* Inorganic compounds occur in the plant influent and in the
distribution system as sediment and pipe walls

controlling inorganic compounds decreases chlorine demand

* Organic matter occurs in the plant influent
controlling OM decreases chlorine demand and most DBPs

* Both chlorine decay and DBP formation kinetics are impacted
by temperature Waters with high levels of

inorganic compounds and

higher temperature yields faster chlorine decay and OM create high chlorine
more rapid DBP formation demand, especially at high

temperatures




Distribution system best management practice (BMP)
yields positive impacts on chlorine demand and DBPs

Successful distribution system best management practice has many facets
The following highlight the impact on chlorine demand and DBPs
* Flush sediments from pipe lines, corrosion control and old pipe replacement
decreases inorganic compounds and chlorine demand
* Clean storage tanks
decreases inorganic compounds and chlorine demand
* Optimize flow through storage tanks
decreases water age, chlorine demand and DBP formation
* 2 minimum water age is required for fire-fighting and lower insurance rates

Distribution system BMP reduces the chlorine dose needed to
carry a residual to a target time in the distribution system




Distribution system hydraulic management

* Decrease the water age to the chlorine decay
furthest point in the
distribution system 2.5

- re-route water path

Current max

- minimize dead-ends

Chlorine residual (mg/L)
(B
(Oa]

time — 6 days
* Not always possible, as 1.0 - low residual
distribution system hydraulics 0.5 /
may already be optimized 0.0 , .4_, —_—
0 2 4 6 8 10

Time (days)

New max time — 5 days
meets target residual



Optimized or additional treatment to remove chlorine
demand and DBP precursors

* Inorganic compounds (Fe, Mn, NH;) and organic matter (NOM + EfOM)
react with chlorine to increase the chlorine demand

* Organic matter (NOM + EfOM) reacts with chlorine to form DBPs

* These compounds are removed to some extent by “conventional” surface
water treatment — try to optimize

* Advanced treatment, e.g., ozone, biotreatment and activated carbon
adsorption, can removal more, but at a cost

Additional treatment reduces the chlorine dose needed to carry a residual
to a target time in the distribution system and lowers DBP formation




To meet a target residual at 5 days

, b) additional treatment decreases the demand,
a) DS best management practice the dose from 3.2 to 2.6 mg/L, and DBPs

chlorine decay
3.5

TTHM formation
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Impact of increasing chlorine dose on chlorine residual
to meet a target residual at 5 days

Increase the dose from 2.6 mg/L to 3.2mg/L

Chlorine residual (mg/L)
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TTHM formation

e After distribution system optimization -
best management practice

e Evaluate the increase in DBPs caused by
higher chlorine doses needed to increase
the chlorine residual

Downside
Could increase
DBPs above MCL



Strong relationship between chlorine demand
and TTHM formation

* From the chlorine DBP chemistry, we know that some of the chlorine
consumed (or demanded) in water produces DBPs, e.g., TTHMs.

TTHM = f(chlorine demand
100 T ( ) Source Waters type T'LI;I}/IW/] gD
[ TTHM (ug/L) = 34 * CD (mg/L)

T 80 + Gallard and von Gunten,

El 2002 5 mixed 38

.§ 60 Gang et al., 2002 4 raw 40

: 34 ug TTHM/ ) cong o

g 40 mg CD Boccelli et al., 2003 4 finished 42

§ o ] Valenti et al., 2007 8 finished 38

T Roth et al., 2018 17 finished 25

i N A e Kennedy et al., 2020 3 mixed 53 2.5t05.2 %

00 05 10 15 20 25 30 n= 45 weighted 34 yield
Chlorine demand (mg/L) mean =

Only three studies looked at HAAS — relationship not very clear



How can we use this TTHM/CD relationship to project the impact of a
higher chlorine dose on the increase in TTHM?

34 ug TTHM/ mg CD
chlorine decay chlorine demand > TTHM formation
2.5 2.5 100 T
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Projecting the increase in TTHMSs caused by

an increase in chlorine dose (demand)

ion (ug/L)
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TTHM concentration (ug/L;
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If a trace residual in the distribution
system is detected, then expect the

following
delta delta TTHM (ug/L)
residual
(mg/L) Median -1SD +1SD highest
0.1 34 2.6 4.2 5.3
0.2 6.8 5.2 8.4 10.6
0.3 102 78 126 159 -

If a trace residual is not detected then
you can’t easily project the impact as all
of the chlorine demand is not yet met
at the time of interest
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What happens when there is no trace chlorine
residual?

* For example, increasing the dose from 2.2 to 2.5 mg/L and TTHM
increases from 75 to 85 ug/L

TTHM formation

100 i
chlorine decay
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