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What will we cover during this 
Presentation?

► Basic chloramination chemistry

► The chlorine breakpoint curve

► Process control and monitoring

► Distribution system monitoring
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Part 1:  
Basic 

ChloraminationChloramination 
Chemistry
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Impact of Cl2:NH3 ratio
(in the imaginary world)

► Cl2:NH3 <  4.2:1  (on a weight basis)
• NH2Cl formed

• Excess NH3 present after the reaction

► Cl :NH > 4 2:1► Cl2:NH3 >  4.2:1
• Excess Cl2 was used and (therefore)

• NHCl2 and NCl3 are formed

► NH2Cl is dominant at 4.2:1 ≤ Cl2:NH3

► NHCl2 tends to form at 4.2:1 < Cl2:NH3 ≤  7.6:1

► NCl3 tends to form at Cl2:NH3 >  7.6:1
9
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Impact of Cl2:NH3 (as N) ratio
(in the imaginary world)

► Cl2:N  <  5.1:1   (on a weight basis)
• NH2Cl formed

• Excess NH3 present after the reaction

► Cl :N > 5 1:1► Cl2:N >  5.1:1
• Excess Cl2 was used and (therefore)

• NHCl2 and NCl3 are formed

► NH2Cl is dominant at 5.1:1 ≤ Cl2:N

► NHCl2 tends to form at 5.1:1 < Cl2:N ≤  9.3:1

► NCl3 tends to form at Cl2:N > 9.3:1
10

Reality Strikes

► In the real world, other conditions affect 
the optimum Cl2:NH3 ratio and the 
chloramination process
• pH• pH

• Temperature

• Chlorine demand

• Competing reactions

• Reaction time

• Chloramine decay
11

What’s the Bottom Line so far?

1) There are at least five chemical species 
that could be present
• NH3 (free available ammonia

or FAA)

total available chlorine, or TAC

Other 
chloramines

• HOCl and OCl- (free available chlorine,
or FAC)

• NH2Cl (monochloramine)

• NHCl2 (dichloramine)

• NCl3 (trichloramine)

12
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What’s the Bottom Line so far?

2) One molecule of FAC reacts with one 
molecule of FAA to form one molecule of 
monochloramine

3) FAC and FAA cannot coexist to any3) FAC and FAA cannot coexist to any 
significant degree

4) FAC and monochloramine cannot coexist 
to any significant degree
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What’s the Bottom Line so far?

5) If we have the correct ratio, the TAC will 
neither increase nor decrease

6) An incorrect Cl2:NH3 ratio will result in 
excess FAA or the destruction of ourexcess FAA or the destruction of our 
target disinfectant (monochloramine)

7) In the real world, we use weight-based 
units of measurement rather than 
molecular units
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What’s the Bottom Line so far?

8) In theory, the correct Cl2:NH3 ratio is  
4.2:1 and the correct Cl2:N ratio is 5.1:1
(on a weight basis) 

9) Real world operating conditions can9) Real world operating conditions can 
influence the chloramination process.

15
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Part 2:
The 

BreakpointBreakpoint 
Curve
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Breakpoint!
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Using the Breakpoint Curve 
at Plants that are

Providing Initial Disinfection
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Sample Data for 
Free Chlorine First

► Currently
• Mono = trace

• TAC = 4.6 mg/L

• FAC = 4.0 mg/L

• FAA = 0.0 mg/L

► Target 
• Mono = 2.3 mg/L
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Q2: What happens when we cut 
Cl2 dose and add NH3?
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Q3: What happens if we add the 
right NH3 without cutting Cl2?
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Q4: What happens if we add the 
right NH3 without cutting Cl2?
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Q4: What happens if we add the 
right NH3 without cutting Cl2?
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5 The shape of the actual total chlorine 
(and monochloramine) curve due to 
the formation of other chloramines. The shape of the total chlorine (and 

monochloramine) curve if other  
chloramines didn’t iorm.
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Using the Breakpoint Curve
at Plants that are

Boosting the Residual inBoosting the Residual in  
Chloraminated Water
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Scenario 2 Data

► Currently
• Mono = 1.6 mg/L

• TAC = 2.3 mg/L
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• Mono = 2.3 mg/L
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Scenario 2 Questions

► Q1: How much  
more (if any) 
NH3 is needed 
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What’s the Bottom Line?
1) The Breakpoint Curve can help operators 

visualize what is happening during each 
step of the chloramination process.

2) To evaluate the five chemical species2) To evaluate the five chemical species 
that could be present, we need to be 
able to measure:
• free available chlorine (FAC), 
• total available chlorine (TAC),
• monochloramine (mono), and 
• free available ammonia (FAA)

30
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What’s the Bottom Line?
3) We can use FAC, TAC, mono, and FAA 

results to determine where we are on the 
curve and what general changes need to 
be made to get where we want to be.

4) If we add enough ammonia, the TAC 
residual will not change simply because 
we add ammonia. This is because:
• One FAC molecule reacts with one FAA 

molecule to form one mono molecule, and

• TAC includes FAC, mono, and combined.
31

What’s the Bottom Line?
5) However, if we have too much FAC 

present after adding FAA:
• our mono will be lower than we expected,

• our combined chlorine level will increase,
dand

• our TAC level will drop (but not as much as 
our mono).

32

What’s the Bottom Line?
7) Competing reactions can affect the shape 

of the breakpoint curve.  Consequently,
• It may take slightly more than 1.0 mg/L of 

chlorine to get 1.0 mg/L of mono, and
• we may need to have a slight excess of y g

ammonia present.

8) We have to be able to determine how 
much chlorine and ammonia we have so 
that we know what to add to get what we 
want.

33
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Part 3:
Developing an Effective 
Monitoring Regimen and g g
Process Control Program 

at the Treatment Plant

34

Chuck Schwarz’s
Simplified Process Control Loop

Collect Data

Evaluate 
the data

Adjust the 
Process

35

Applying the Concepts . . . 
in a practical way

► What do we need to measure to control 
the process?

Wh i h b f i ?► Where is the best spot to test for it?

► What results are we looking for?

► What do we do if we don’t get them?

36
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What do we need to measure 
and why?

1) FAC . . . to find out
a) if we added the right amount of Cl2
b) exactly how much NH3 is needed to form 

mono

2) FAA . . . to find out
a) if we applied to much NH3

b) exactly how much Cl2 is needed to reduce 
NH3 levels

37

What do we need to measure 
and why?  (cont)

3) Monochloramine . . . to find out
a) if we added the right amount of Cl2 and 

NH3

4) TAC . . . to find out
a) if we made any di- or trichloramine

b) how much difference we should expect 
between TAC and monochloramine levels 
after we add NH3

38

TCEQ Suggestions for 
Laboratory Methods 

(for Field Investigators & Small Plants)

► TAC and FAC 
• DPD powder pillows and colorimeter

► Mono and FAA
• Hach Indophenol (Monochlor F)

39
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Where should we test and why?

► Upstream of the chemical injection point 
to see where we are

► Downstream of the chemical injection 
point to see if we got where we wanted 
to go

40

General Design Suggestions

► Initial Treatment
• Inject the chlorine first

• Mix the water well to disperse the 
chlorine (as much distance as you canchlorine  (as much distance as you can 
provide or in-line static mixer)

• Inject the ammonia 

• Put the water in the storage tank 
(preferably through an air gap to help 
mixing)

41

Suggested Taps for 
Initial Treatment

2 – 3 ft
At least
4 5 ft2 3 ft

Chlorine Injection Stinger Ammonia Injection Stinger

Upstream Tap Midstream Tap 
(see Note below)

Downstream Tap

2 – 3 ft 4 – 5 ft2 – 3 ft

Static In-Line Mixer 
or as many feet as possible 

CL

Note: The Midstream Tap is only valuable if there is at least 1 – 2 minutes of free 
chlorine contact time present.  If not, the free chlorine test results may not 
represent the chlorine residual actually present at the ammonia injection point. 

42
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General Design Suggestions (cont)

► Re-treatment
• Inject ammonia first

• Inject the chlorine within 1 or 2 feet of the 
ammonia (and dilute it with lots of carrierammonia (and dilute it with lots of carrier 
water if you can)

• Mix the water well to disperse the 
chlorine  (in-line static mixer if possible)

43

Suggested Taps for 
Re-treatment

2 – 3 ft
At least
4 – 5 ft

Ammonia Injection Stinger Chlorine Injection Stinger

Upstream Tap Midstream Tap 
(see Note below)

Downstream Tap

CL

Note: The Midstream Tap is not needed unless the ammonia can be completely 
dispersed before the chlorine is injected and the tap is far enough upstream of 
the chlorine stinger to assure that there is no interference.  

4 5 ft

As close as 
possible 

Static mixer 
if possible 
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Basic Chloramine Monitoring
at Plants with Primary Treatment

Source Water
(Well, Lake, River)

Chlorine Injection

Ammonia Injection

ST1
Free Chlorine
Total Chlorine

ST2 & ST5
Total Chlorine
Monochloramine
Free Ammonia

Distribution System

Chlorine Injection
Ammonia Injection

Sample Tap 1 ST2

ST3ST5 ST4

ST3 & ST4 
(if re-treating)

Total Chlorine
Monochloramine
Free Ammonia

STDs
Total Chlorine
Monochloramine
Free Ammonia
Nitrite and Nitrate
HPCsSample Taps in 

Distribution
45
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Basic Chloramine Monitoring
at Re-chloraminating Plants

Chloraminated
Water From 

The Wholesale 

Chlorine Injection

Ammonia Injection ST1 & ST3
Total Chlorine
Monochloramine
Free Ammonia

ST2
Free Ammonia

The Purchaser’s
Distribution System

Supplier

Chlorine Injection
Ammonia Injection

Sample Tap 1
ST3

ST4ST6 ST5

ST4 & ST5 & ST6 
(if re-treating)

Total Chlorine
Monochloramine
Free Ammonia

STDs
Total Chlorine
Monochloramine
Free Ammonia
Nitrite and Nitrate
HPCsSample Taps in 

Distribution

ST2
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Basic Chloramine Monitoring
at Plants Where Blending Occurs

Chloraminated
Water From 

The Wholesale 
Supplier

Chlorine Injection

Ammonia Injection

ST1  & ST3 & ST5
Total Chlorine
Monochloramine
Free Ammoniapp

Sample Tap 1 ST2 ST2
Free Ammonia

ST4 
Free Chlorine

The Purchaser’s 
Source Water
(Well, Lake, River)

Chlorine Injection

Ammonia Injection

ST4 ST5

ST3

47

Basic Chloramine Monitoring
at Blending Plants (cont)

ST6
Total Chlorine
Monochloramine
Free Ammonia

ST7 & ST8 
(if re-treating)

T t l Chl i

The Purchaser’s
Distribution System

Chlorine Injection

Ammonia Injection

ST6ST8 ST7

Total Chlorine
Monochloramine
Free Ammonia

STDs
Total Chlorine
Monochloramine
Free Ammonia
Nitrite and Nitrate
HPCs

Sample Taps in 
Distribution 48
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Evaluating the Data
For each chemical application point, 
we need to determine: 

1) our performance target(s) and

2) our acceptable range(s).

49

What are our 
general objectives?

► If Cl2 is added before NH3

• FAC = Target NH2Cl

► If NH i dd d b f Cl► If NH3 is added before Cl2
• FAA = Target NH2Cl ) target Cl2:NH3 ratio

50

What are our 
general objectives?  (cont)

► After adding the Cl2 and NH3

• NH2Cl = Target NH2Cl 

• Minimal change in the combine chlorineg
i.e., TAC – FAC = TAC – NH2Cl

• FAA as NH3 is within acceptable range

51
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What should the targets be?
► FAC, TAC, and mono

• Within the plant, targets will probably be 
based on CT requirements

• At the HSPS, targets will probably be based 
di t ib ti t don distribution system needs

► FAA
• Within the plant, targets will probably be 

based on monochloramine targets
• At the HSPS, FAA as NH3 = 0.05 – 0.10 

mg/L
52

What’s an acceptable 
upper limit?

► For FAC, TAC, and Mono 
• probably no more than 1.0 – 1.5 mg/L 

higher than the target

► For combined chlorine
• More than a 0.5 – 1.0 mg/L increase 

should be avoided if possible.

► For FAA
• probably around 0.2 mg/L within the plant
• usually less than 0.15 mg/L at the HSPS. 53

Adjusting the Process
Where to START

► If FAC > NH2Cl target, then
• Reduce the Cl2 dose

► If NH2Cl is too high, then► If NH2Cl is too high, then
• Reduce the NH3 dose and
• Reduce the Cl2 dose

► If NH3 is too high, either
• Reduce the NH3 dose or
• Increase the Cl2 dose

54
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Adjusting the Process
Where to START (cont)

► If TAC dropped after Cl2 addition, either
• Increase the NH3 dose or
• Reduce the Cl2 dose

► If combined chlorine increased, either
• Increase the NH3 dose or
• Reduce the Cl2 dose

IT’S A BALANCING ACT BASED ON WHERE 

THEY’RE AT ON THE BREAKPOINT CURVE
55

What’s the Bottom Line?
1) Effective Process Control is more than just 

complying with regulatory monitoring 
requirements

2) Eff ti P C t l i ti2) Effective Process Control is a continuous 
multi-step process that involves:
a) Collecting Data

b) Evaluating Data against performance targets

c) Making Appropriate Adjustments

56

A Couple of 
“Where to Start” 

Examples

57
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Let’s look at an example at a 
“Free Chlorine First” Plant

► Collect Data:
• TAC = 4.1 mg/L

• FAC = 3 6 mg/LFAC = 3.6 mg/L

• Mono = 0.1 mg/L

• FAA = 0.08 mg/L

• Monochloramine Target = 2.5 mg/L

• Acceptable Range = 2.2 – 3.0 mg/L

58

“Free Chlorine First” example (cont)

► Evaluate Data:
• FAC is 1.1 mg/L higher than the mono 

target and 0.6 mg/L above maximum 
acceptable level.acceptable level.

• Combined chlorine = 4.1 – 3.6 = 0.5 mg/L

• The mono and FAA residuals are 
probably false positives since FAC cannot 
coexist with either mono or free ammonia.

59

“Free Chlorine First” example (cont)

► Adjust the Process:
• Reduce chlorine dose by about 1.0 mg/L to 

drop the FAC (and TAC) level by 1.0 mg/L.

• Add about 0.7 mg/L of ammoniaAdd about 0.7 mg/L of ammonia 
(you want to start with a 4:1 ratio and adjust 
from there . . . 
2.6 mg/L of FAC ÷ 4 = 0.65 mg/L of ammonia)

(and repeat the Process Control Loop to 
make sure you got what you expected)

60
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Let’s look at an example at a 
“Re-chloraminating Plant”

► Collect Data:
• TAC = 3.0

• FAC = 0.4 mg/L

• Mono = 2.2 mg/L

• FAA = 0.5 mg/L

• Monochloramine Target = 2.5 mg/L

• Acceptable Range = 2.2 – 3.0 mg/L

61

“Re-chloraminating” example (cont)

► Evaluate Data:
• There is lots of FAA present . . . probably too 

much

FAC i f l iti b FAA i• FAC is a false positive because FAA is 
present.

• Combined chlorine = 3.0 – 2.2 = 0.8 mg/L

• Mono is at the bottom end of the acceptable 
range.

62

“Re-chloraminating” example (cont)

► Adjust the Process:
• Increase the chlorine dose by 0.5 mg/L 

to increase the Mono (and TAC) level 
by 0.5 mg/L. y g

• You probably don’t need to add more 
ammonia since there is so much 
present already.

(and repeat the Process Control Loop 
to see if you got what we expected)

63
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Blending in Distribution

Treated Water 
from Wholesale 

Supplier 
( ith ith t

64

Purchaser’s Source 
and Treatment

Distribution 
System

(with or without 
re-treatment)

Blending in Distribution  (cont)

► It’s not a good idea to blend ground and 
surface water in distribution and the 
practice should be avoided if possible
• Localized cloudy water caused by inorganic 

precipitates especially if mixing highlyprecipitates, especially if mixing highly 
mineralized water with water containing few 
minerals

• Localized colored water produced when pipe 
scale and mineral deposits begin dissolving

65

Blending in Distribution  (cont)

► It’s not a good idea to blend water 
containing free chlorine with water 
containing monochloramine, especially if 
blending in the distribution system

L li d d i TAC id l i ll• Localized drops in TAC residuals, especially 
if the chloraminated water contains no FAA

• Localized taste and odors resulting from the 
formation of dichloramine

► Again, the practice should be avoided
• TCEQ actively “discourages” the practice

66
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Part 4:
Monitoring the STDsg

(Sample Taps In Distribution)

67

What do we need to measure 
in Distribution and why? 

► Total Chlorine
• As a screening test 

► Monochloramine 
• Our target disinfectant• Our target disinfectant

► Free Ammonia
• To find out if our NH2Cl is breaking down

68

What do we need to measure 
in Distribution and why? (cont)

► pH
• As a screening test for biological activity

► Nitrite and Nitrate
► Heterotrophic Plate Counts (HPCs)► Heterotrophic Plate Counts (HPCs) 

using R2A agar
• R2A agar contains fewer nutrients and is 

designed to detect slow-growing bacteria 
that would be overgrown by normal HPCs 
if regular agar was used

69
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Where should we test and why?

► At representative, designated monitoring 
points to see where we are

• Coliform monitoring sites
• High use parts of the system with low• High use parts of the system with low 

water age  (“healthy” sites)
• Dead end lines and flush valves
• The inlets (and outlets) of remote 

storage tanks

70

What are our general objectives?

► TAC ≥ our target TAC residual
• Low TAC levels should trigger increased 

NH2Cl and FAA testing

► NH2Cl:FAA ratios ≥ 3:1
► Stable FAA and pH levels

• Drops in FAA or pH levels should trigger 
increased NO2

– and  NO3
– testing

► No change in background NO2
– or NO3

–

levels
► Stable HPC counts

71

Nitrite and Nitrate

► Elevated Nitrite (NO2
–) and Nitrate (NO3

–)
levels pose acute public health threats 
to newborns and infants

► At the entry point:
• the NO2

– MCL is 1 mg/L
• the NO3

– MCL is 10 mg/L

► There is no MCL for distribution 
sampling sites but a system’s action 
level should be much lower than the 
MCL.

72
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Nitrite and Nitrate  (cont)

► Ammonia oxidizing bacteria (AOB) 
convert FAA to NO2

–

• Nitrosomonas species
• Increased monitoring and HPC testing with 

R2A h ld b t i d bR2A agar should be triggered by:
Unexplained decreases in FAA
NO2

– increases greater than 0.01 – 0.03 mg/L

73

Nitrite and Nitrate  (cont)

► Nitrite oxidizing bacteria (NOB) convert 
NO2

– to NO3
–

• Nitrobacter and others
• Increased monitoring and HPC testing with 

R2A h ld b t i d bR2A agar should be triggered by 
unexplained decreases in FAA whether or 
not there is a change in NO2

– levels
This conversion from nitrite to nitrate occurs 
frequently so you need to measure both NO2

–

and NO3
– levels

74

What to Do (Where to Start)

► Unidirectional Flushing
• Increase frequency until conditions 

restabilize

► Reduce water age in large and floating g g g
storage tanks
• Adjusting tank levels seasonally
• Allowing a wider operating range to 

encourage water exchange
• Install in-tank mixers to circulate the water

► Revert to free chlorine for 14 -21 days.
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Reverting to FAC

► Notify the TCEQ and your wholesale 
(PWS) customers
• In writing (letter or e-mail), if possible.

• TCEQ’s e-mail address is:TCEQ s  e-mail address is:  
DBP@tceq.texas.gov

• At least 14 days before making the change, if 
possible

• Tell us when you plan to begin and end the 
change back to FAC.
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Reverting to FAC  (cont)

► Avoid periods right at the end of calendar 
quarters unless you and your wholesale 
customers have had their THM and HAA 
samples pulled already.
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Reverting to FAC (cont)

► Target FAC residual ≥ 1.0 mg/L

► Unidirectional flushing at beginning and 
end of the free chlorine cycle

► Flush localized problem areas every 
week or so while on FAC and try to reach 
scouring velocity if at all possible

► Flush as much sediment from tanks as 
you can

► Overflow storage tanks if necessary to 
achieve a complete exchange.
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A couple of great references

► For the chloramination process
• TCEQ’s Directed Assistance Module No. 5 (DAM5) 

(if for no other reason than because it’s free)

► For distribution system monitoring► For distribution system monitoring

• Fundamentals And Control of Nitrification in 
Chloraminated Drinking Water Distribution Systems, 
AWWA Manual M-56

• TCEQ’s webpage on nitrification
http://www.tceq.texas.gov/goto/nitrification

(if for no other reason than it’s also free)
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For More Information, Contact Anyone But:

Jack C.  Schulze, P.E.
TCEQ/WSD/PDWS (MC-155)
P.O. Box 13087
Austin, Texas 78711-3087,

Phone: (512) 239-6046
Fax: (512) 239-0030

E-mail: Jack.Schulze@tceq.texas.gov
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For example:

Cindy Haynie
Cindy.Haynie@tceq.texas.gov (512) 239-3465

Teresa Rogers
Teresa.Rogers@tceq.texas.gov (512) 239-1734

Noble Johnson, P.E.Noble Johnson, P.E.
Noble.Johnson@tceq.texas.gov (903) 535-5143

Debra Cerda
Debra.Cerda@tceq.texas.gov   (512) 239- 6045
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