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Who does this apply to?

Community Water Systems and 
Non-Transient Non-Community Water 
Systems (NTNCWS)

that add chlorine as a chemical 
disinfection.

Disinfection Residuals and DBPs
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Maximum Residual Disinfectant Levels 
(MRDLs)

Can too much of a good thing, be a bad thing?

Maximum Residual Disinfectant Levels

Chlorine = 4.0 mg/L

Chloramines = 4.0 mg/L

Chlorine Dioxide = 0.8 mg/L

MicrobesChlorine Residual



Chlorine Residuals

Free Chlorine
EPA Recommends 0.2 mg/L

Chloramines
EPA Recommends 0.5 mg/L

If that was too much, how much is too little?



Chlorine Residuals

Commonly Used Instruments –
Free Chlorine
• Portable Colorimeter Pocket II / DR-300 

Colorimeters
• Relatively smaller and less expensive than other 

portable colorimeters
• Measures absorbance at a fixed wavelength 

(i.e., single or limited parameters)
• DR-300 replaced Pocket II model in 2019
• Performance should be verified periodically 

with secondary standards



Commonly Used Instruments –
Chloramines

• Portable Parallel Analyzer (PPA) SL-1000
• Relatively more expensive than other 

portable colorimeters
• Uses Chemkey reagent
• Measures multiple parameters at 

different wavelengths simultaneously 
(4 Chemkeys and 2 probes)

• Ideal for chloraminated water systems
• Automated analysis minimizes 

potential user error and adjusts 
reaction time based on sample 
temperature

• Saves operator time

Chlorine Residuals



The Breakpoint Curve

• Simplified graphical representation 
• Chloramine speciation influenced by:

• Cl2:N
• pH
• Alkalinity
• Temperature

• Three distinct regions
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Region I:  Monochloramine Formation
• Desired region for chloraminated systems
• Monochloramine is the predominant species
• As Cl2:N ↑ from 0:1 - 5:1

• Total Cl2 (mostly NH2Cl) ↑ 
• Free NH3 ↓

• Optimal Cl2:N is 4.5:1 - 5:1 to minimize free ammonia
• Does not account for chlorine demand

0:1 5:14.5:1



Region II:  Monochloramine 
Destruction

• Undesired region for all systems
• Unstable mixture of mono-, di-, and trichloramine
• As Cl2:N ↑ from 5:1 – 7.6:1

• Total Cl2 ↓
• Total NH3 ↓

• Cl2:N to achieve breakpoint in natural water is >7.6:1, likely 9:1 to 10:1

0:1 5:1 7.6:1



Region III:  Breakpoint

• Desired region for free chlorine systems
• Predominantly free chlorine
• As Cl2:N ↑ after breakpoint

• Total Cl2 ↑
• Free Cl2 ↑

0:1 5:1 7.6:1



Breakpoint Curve Example
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Breakpoint Curve Example
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Breakpoint Curve:  Quiz Question #1
• Where on the curve is this sample?

• Total Cl2: 1.78 mg/L
• Mono: 1.23 mg/L
• Free NH3: 0.01 mg/L
• Free Cl2: 0.46 mg/L
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Actual water quality 
data collected from 
the Kickapoo WTP 
finished water tap on 
May 20, 2021.



Breakpoint Curve:  Quiz Question #2
• Where on the curve is this sample?

• Total Cl2: 1.48 mg/L
• Mono: 0.03 mg/L
• Free NH3: 0.01 mg/L
• Free Cl2: 0.38 mg/L
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For free chlorine systems,
Recommend Free chlorine 

> 85% of Total



Breakpoint Curve:  Quiz Question #3
• Where on the curve is this sample?

• Total Cl2: 2.86 mg/L
• Mono: 2.59 mg/L
• Free NH3:           >0.60 mg/L
• Free Cl2: 0.12 mg/L

U.S. Environmental Protection Agency 18

0:1 5:1 7.6:1

1.0

2.0

0.5

1.5

2.5
Co

nc
en

tr
at

io
n 

(m
g/

L)
Region 1 Region 2 Region 3

Actual water quality 
data collected from 
the Kickapoo WTP 
finished water tap on 
May 20, 2021.



Chlorine Dosage

Disinfection Byproducts (DBPs)

Water Source

Water Treatment 
Plant

Precursors Water Age

Water Source

DBP Precursor in Water
Natural Organic Matter 

(NOM-TOC)

Bromide

Added Disinfectant

Chlorine

Chloramines

Chlorine Dioxide

Ozone

=
TTHM = 0.080 mg/L

HAA5 = 0.060 mg/L

Chlorite = 1.0 mg/L

Bromate = 0.010 mg/L

Disinfection Byproducts 
(DBP)

DBPs



DBP Monitoring Plan

EPA Approved 
Monitoring 

Location



Locational Running Annual Average (LRAA)

4

QTR 1 + QTR 2 + QTR 3 + QTR 4

DBPs – LRAA Reporting Form

= LRAA

Only for Systems on 
Quarterly Monitoring



Locational Running Annual Average (LRAA)

DBPs – LRAA Reporting Form

0.065 + 0.078 + 0.095 + 0.055

4
= 0.073 mg/L

Only for Systems on 
Quarterly Monitoring



DBPs – LRAA Reporting Form

Operational Evaluation Level

OEL
2 *Current Quarter + Previous Quarter + 2nd Previous Quarter 

=
4



DBPs – LRAA Reporting Form

Operational Evaluation Level

0.083 mg/L
2 *0.095+ 0.078 + 0.065 

=
4

If OEL is greater than the MCL, 
Operational Evaluation Report Required



Operational Evaluation Report

What is an operational evaluation report?
An operational evaluation examines 
system treatment and operational 
practices that may contribute to 

TTHM and HAA5 formation

AND
What steps could be considered to 

minimize future exceedances



Operational Evaluation Report

https://www.epa.gov/region8-waterops/stage-2-dbpr-operational-evaluation-report



Operational Evaluation Report

Administrative
Contact Information

What was your OEL 
And Sample Result?



Operational Evaluation Report

History

Does this OEL exceedance 
occur every year during 

the peak month?



Operational Evaluation Report

Source Water

Water Treatment

Distribution System



Operational Evaluation Report

Example of water quality 
parameters



Operational Evaluation Report

What’s the plan?

If this is a continuation, what 
is the update and status?



Seth Tourney, P.E.
DBP Rule Manager
1595 Wynkoop Street
Denver, CO  80202
(303) 312-6579
tourney.seth@epa.gov
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Questions?


