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Lime Softening for Optimized TOC Removal and Alkalinity Management

Agenda

• Review technical aspects and best practices for lime 
softening

• Discuss TOC reductions due to lime softening 
operations, impacts from coagulant addition, and 
alkalinity management

• Case studies - water treatment plant data examined 
using techniques presented

• Summary and Questions
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Before We Begin: TOC = POC + DOC

DOC is often 80% to 95% of TOC, today’s presentation is for 
enhanced removal of DOC by coagulation/lime softening 
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“Lime Softening 
for Optimized 

TOC Removal and 
Alkalinity 

Management”

Part 1
Technical Background 
on Lime Softening
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Technical Background: Lime Softening
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• Chemical equations are 
well-known, and we will 
not review those today

• Relationships between 
pH, calcium, magnesium, 
alkalinity are dictated by 
softening chemistries

• Lime demand curve 
depicts lime softening 
operations most 
effectively
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Technical Background: Lime Softening
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• As lime is added –
changes occur in 
alkalinity, calcium, 
magnesium, pH, (and 
TOC shown later)

• Treatment operators 
should understand where 
they are operating on the 
demand curve
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Lime Softening: Simple Softening
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Bicarbonate alkalinity 

and calcium are reduced 

with increasing lime 

dosage

Alkalinity and calcium 

levels will vary with 

coagulant dosage as well 

as amount of  

noncarbonate hardness

This area is 

simple lime 

softening

Minimum calcium 

level is reached once it 

is consumed by equal 

level of  lime
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Lime Softening: Excess Lime Softening
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Increasing lime dosage 

increases calcium levels 

and alkalinity levels

One mg/L lime adds 

about 1.35 mg/L of  

calcium and 1.35 mg/L 

of  hydroxide (OH) 

alkalinity

This area is 

excess lime 

softening
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Lime Softening
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The same hardness, calcium, and alkalinity 

can be achieved at two points on the curve

Treatment operators should understand 

where their operation is on the curve since 

it defines lime softening dosages as well as 

water quality
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Lime Softening
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Simple alignment of  water quality from the 

curve is a function of  lime dosing.  If  you 

want to move from red arrow to green 

arrow, simply increase lime feed 
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Lime Softening

11

Lime Dosage, mg/L

H
a
rd

n
e
ss

 o
r 

A
lk

a
li

n
it

y
,m

g
/

L

If  you need more alkalinity or calcium for 

stability control, move from red arrow to 

green arrow, and simply increase lime feed 

by the amount of  change needed
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Lime Softening
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occurs after the minimum 

calcium level is achieved.  Some 

data and research suggests 
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Lime Softening
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Lime Softening: Avoid high pH

• Avoid high pH 
conditions in softening 
treatment

• Creates saponification 
of organics fixing OH 
onto TOC and inhibits 
removal under treatment

• Typically occurs at pH 
levels above 11.2

• Increases TOC values 
beyond the high pH 
levels due to saponifying 
impacts of organic matter
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Lime Softening
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The same hardness, calcium, and alkalinity 

can be achieved at two points on the curve

Treatment operators should understand 

where their operation is on the curve since 

it defines lime softening dosages as well as 

water quality



Lime Softening for Optimized TOC Removal and Alkalinity Management

Lime Softening
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The same hardness, calcium, and alkalinity 

can be achieved at two points on the curve

Alkalinity decreases with lime dosage on 

the downward slope on each side of  the 

curve proportional to the dosage
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Lime Softening
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The same hardness, calcium, and alkalinity 

can be achieved at two points on the curve

Alkalinity increases with lime dosage on 

the upward slope on each side of  the curve 

proportional to the dosage



Lime Softening for Optimized TOC Removal and Alkalinity Management

Lime Softening: Best Practices

• Simple softening to 
achieve a desired 
hardness/alkalinity

• Operate on the 
downward slope of 
the curve until 
hardness or alkalinity 
level is reached

• Generally, CO3

alkalinity ranges from 
5 mg/L to 35 mg/L
depending on lime 
ratio (LR explained 
soon)
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Lime Softening: Best Practices

• TOC removal 
according to calcium 
reductions 
accomplished in the 
simple lime softening 
area
• Calcium 

precipitation
• Co-precipitation 

of magnesium
• Water pH levels 

typically less than 
10.4
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Lime Softening: Best Practices

• Excess softening to 
achieve a desired 
hardness

• Operate on the 
upward slope of the 
curve until alkalinity 
level is reached

• Generally, OH 
alkalinity ranges from 
5 mg/L to 35 mg/L
depending on lime 
ratio (LR explained 
soon)

20

Lime Dosage, mg/L

H
a
rd

n
e
ss

 o
r 

A
lk

a
li

n
it

y
,m

g
/

L



Lime Softening for Optimized TOC Removal and Alkalinity Management

Lime Softening: Best Practices

• TOC removal 
according to calcium 
and magnesium 
reductions 
accomplished in both 
simple softening and  
excess lime softening 
areas

• Water pH levels 
typically less than 
11.2
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Lime Softening: Best Practices

• Lime ratio (LR) 

concept discussion in 

next segment, but…

• Most plants operate at 

a lime ratio of 1.0 to 

1.6 for excess lime 

softening

• Simple softening 

practices operate at 

lime ratios between 

0.6 to 0.9 range
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“Lime Softening 
for Optimized 

TOC Removal and 
Alkalinity 

Management”

Part 2
Research Data Related 
to Lime Softening and 
DOC Removal
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Softening Research Related to TOC Removal

• 2002 Disinfectants/Disinfection 
Byproduct Rule (D/DBPR) 
introduced enhanced softening as a 
means of TOC reduction if 
magnesium was removed during 
softening – part of TOC removal 
matrix

• Mg(OH)2 believed to be adsorptive 
for TOC  – up to ≈2 mg/L observed 
in studies

• Several studies confirmed Mg(OH)2

helps remove TOC 
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Softening Research Related to TOC Removal

Subject was described in AWWA Journal Article 2006 – research specific to 
TOC treatment and DBPs using only lime softening
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Lime Softening for TOC Removal

• Several treatment 
plants evaluated using 
jar tests for lime 
softening

• Bottom of each curve 
is minimum calcium 
level from softening

• Beyond the minimum 
calcium point, calcium 
increases proportional 
to lime dose
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Lime Softening for TOC Removal

• Data is poorly aligned 
since each source 
takes differing lime 
dosage to minimize 
calcium levels

• Lime ratio concept is 
now introduced to 
align data between 
treatment plants

27

0

50

100

150

200

250

300

350

400

0 50 100 150 200 250 300 350

C
a
lc

iu
m

, m
g

/
L

 a
s 

C
a
C

O
3

Lime Dosage, mg/L as CaO

A B C D E F



Lime Softening for Optimized TOC Removal and Alkalinity Management

Lime Softening for TOC Removal
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Lime Softening for TOC Removal
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Lime Softening for TOC Removal

• Important to understand 
that calcium still 
precipitates once excess 
lime softening is 
achieved (LR >1.0)

• Calcium concentration 
increases on the upward 
slope of the demand 
curve due to excess 
Ca(OH)2, but 
precipitation of calcium 
remains constant and still 
results in CaCO3 sludge
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Lime Softening for TOC Removal

• Calcium removal 
increases proportional 
to lime dose until all 
carbonate calcium is 
consumed (noncarbonate 
remains)

• Calcium precipitation 
adsorbs some TOC

• Adsorption affinity is not 
very high – 3% to about 
12%

• Some co-precipitation 
of magnesium may occur 
until Mg precipitation pH 
(≈10.6) is  reached
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Lime Softening for TOC Removal

• Lime ratio (LR) consistently 
results in elevated softened 
water pH levels

• Some variations between 
treatment plants but similar 
shape and magnitude –
clustered data trends together

• Follows expected assumptions 
as lime dose increases, water 
pH increases proportionally
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Lime Softening for TOC Removal

• Water pH trendline from 
research data shows 
increasing pH is consistent 
among treatment plants

• Knowing LR, one can 
predict softened water pH 
level

• Useful for fact-checking 
lime dosages versus actual 
pH
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Lime Softening for TOC Removal

• Magnesium removal is 
proportional to lime dose 
like calcium removal
• Some Mg-CaCO3 co-

precipitation can occur 
before LR = 1.0

• Mg(OH)2 precipitation 
increases dramatically after    
achieving LR = 1.0

• Mg(OH)2 important for 
adsorption of TOC
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Lime Softening for TOC Removal

• Mg(OH)2 precipitation 
increases dramatically 
after LR = 1.0

• Some magnesium will 
always remain due to 
solubility of Mg(OH)2 in 
water

• Mg(OH)2 presence during 
softening increases 
probability of TOC 
reduction
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Lime Softening for TOC Removal

• Magnesium removal 
increases proportional to 
lime dose once all 
carbonate calcium is 
consumed

• Magnesium precipitation 
adsorbs some TOC

• Adsorption affinity is 
much higher than calcium
– up to about 44%

• TOC adsorption is 
proportional to Mg 
reduction
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Lime Softening for TOC Removal

• TOC removal increases 
proportional to lime dose 
and magnesium removal
• TOC reduction ceases 

once minimum 
magnesium level is 
achieved

• Trendline suggests possible 
TOC reductions

• Useful for TOC removal 
predictions
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Lime Softening for TOC Removal

• Impacts from coagulant 
addition during softening

• Higher pH values negate 
coagulant reactions for 
TOC removal (TOC 
reduction falls to zero at 
pH’s above 11.0)

• Coagulant reduction of 
TOC varies then with 
reduced pH levels

• Can predict TOC from 
coagulant addition, 
calcium removal, and 
magnesium removal
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Lime Softening for TOC Removal

• Impacts from coagulant 
addition during softening 
and coagulant addition 
alone 

• Coagulant/TOC reduction 
varies with water pH levels

• Minimized TOC removal 
at pH 7.8 to 8.3 believed 
to be from lower solubility 
effects of metal hydroxides 
M+(OH-)3
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Predicting TOC Treatability
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Predicting TOC Treatability
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“Lime Softening 
for Optimized 

TOC Removal and 
Alkalinity 

Management”

Part 3
Case Studies
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Galion, Ohio Case Study

• Reservoir source with 
moderate TOC and 
hardness

• KMnO4, PAC (carbon), 
ferric chloride 
(pretreatment), ferric and 
lime to softening treatment

• Two-stage coagulation for 
TOC removal, split 80/20 
between basins, lime 
softening in Basin 2, NaOH 
for alkalinity adjustment

• Filtration followed by 
chlorine disinfection, 
fluoride, blended phosphate
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Galion, Ohio Case Study

• Excess lime softening for 
calcium and magnesium 
removal to obtain desired 
alkalinity

• Treatment curve suggests 
softening to minimum Ca+2

then adding hardness and 
alkalinity back for WQ 
management

• Lime ratio typically 
averages 1.49

• Softened hardness averages 
98 mg/L
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Galion, Ohio Case Study

• Alkalinity managed by 
excess lime softening and 
controlling lime ratios in 
treatment

• Lime ratio range 1.35 to 
1.55 for alkalinity 
management and corrosion 
control needs

• Maintain softened alkalinity 
average about 60 mg/L as 
CaCO3

• Softened water pH levels 
average 11.04
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Galion, Ohio Case Study

• Lime ratio concept produces 
some TOC removal from 
calcium and magnesium 
precipitation 

• Softened water TOC 
predictions at 2.32 mg/L (1.4 
mg/L reduction) at normal 
lime ratios (1.49)

• Actual softened water TOC 
levels averaged 2.48 mg/L 
May 2023

• 94% confidence for 
TOC predictions 
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Oberlin, Ohio Case Study

• Black River source pumped to 
large reservoir storage with 
moderate TOC and hardness

• NaMnO4 pretreatment with 
alum, lime softening, CO2,, 
polyphosphate, fluoride

• Filtration followed by chlorine 
disinfection and CT
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Oberlin, Ohio Case Study

• Simple lime softening for 
calcium and co-precipitation 
of magnesium to obtain 
desired hardness

• Treatment curve suggests 
simple softening to minimize 
Ca+2 and maintain alkalinity 
for WQ management

• Lime ratio typically averages 
0.93

• Softened hardness averages 
130 mg/L
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Oberlin, Ohio Case Study

• Alkalinity managed by 
simple lime softening and 
controlling lime ratios in 
treatment

• Maintain total alkalinity 
average at about 40 mg/L 
as CaCO3

• Lime ratio range 0.8 to 0.9 
for alkalinity management 
and corrosion control 
needs

• Softened water pH levels 
average 10.20
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Oberlin, Ohio Case Study

• Lime ratio concept produces 
some TOC removal from 
calcium and magnesium 
coprecipitation 

• Softened water TOC 
predictions at 3.23 mg/L (2.57 
mg/L reduction) at normal 
lime ratios (0.93)

• Actual softened water TOC 
levels averaged 3.3 mg/L 
October 2023

• 98% confidence for 
TOC predictions 
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• Lime ratio (LR) concept aligns calcium and magnesium 
content, follows research data closely

• Target LR benefits water quality with optimized TOC 
removal

• LR allows predictive assumptions of softened water TOC, 
hardness, and alkalinity

• LR enhances alkalinity management for final corrosion 
control treatment

• Other “key” water quality measures will improve such as 
turbidity, THMs, and HAAs

Summary and Conclusions
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