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[ Soft water, 0-55 mg/L
I— Moderately hard water, 55-120 mg/L

|: Hard water, 120-250 mg/L Distribution of hard water in United States.

The areas shown define approximate hardness values
I Very hard water, 250+ mg/L for municipal water supplies.

Figure by MIT OCW.

Adapted from: Dekker, Marcel. Water and Water Pollution Handbook. Edited by L. Ciaccio. New York,
NY: 1971.
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Figure by MIT OCW.

Adapted from: Schnoor, J. L. Environmental Modeling:fate and
transport of pollutants in water, air, and soil. New York, NY: John
Wiley & Sons. 1996.
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Process flow diagram of common softening treatment techniques: (a) Single- stage lime treatment; (b) two-stage excess lime-soda treatment;

(c) split-flow lime treatment

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, p. 1601.
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Ccrn_pdh;ig chemical doses for lime soda ash soffening — Example 114
U L - A and 14 _
CO, = B.B mg[L as L0,
Catt = o mg /L A 2 115wmgll as CaCoq
Mgt = AT mgll s0f” * qbmg/l
Not = 6.4 maglL Cl- = 10,6 mglL N
dJ \ e

ngr} o equivalents

@'P CACO?;

Alen use dnark from \H Fig IL8 , pg 440

] - k mg/L -
mgll . - MW. eqorv  egwt meg [L aslallz .
o o, &8 440 "2 170 04 20.0 } B
co? 0 40.0 2 20.0 2.5 (15,
Mg“-” 9.7 24.4 2 12,2 0.80 29.8
Nat 6.9 23%.0 1 23,0 6,20 {5.0
4.0 729.8
AlK 2} {00 2 50.0 2.% ne.0
2 94 GL.0 _ 2 4%.0 2.0 000
- 0.6 3%.5 { 25,5 0.%0 (4.9 o
4.6 229. 1 3
[ - . - o
Totul hardngss = Ca + Mg = 116 + 3%.9% = 7214.% mgfL
I — _pslallz
B ) Covbonate hardness = [AlE] = 116 _mgf/l as_CalDs o W;‘“:
A,‘I‘ - _Noncarbovnate harduess = TH - ¢ = 91.8 mgfl asCaCo,
Iu,__ Mg noncarbonate hardusss = 39.8 mgll s Calo,
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Milliequivalent Bar Graph for Example 11.4

0 35 43 4.6
Ca2+ Mg2+ é
CO,
HCO3' 8042' Ccr
0.4 I 2.3 meq I 1.2 meq —(— 0.8 meq—|-(),3-|
C02 Ca(HCO3)2 CaSO4 MgSO4 Nacl

(A) Bar graph & hypothetical chemical combinations in the raw water

0 0.60.8 3.1
| 5
: Ca2t CaZ* %ﬁ Na*
S
5 OH Z| Cos> SO4* cr

}71.25 meq—|—0.8 meq I 20meq——MF ——

Excess Lime Hardness Soda ash addition

(B) Bar graph of the water after lime & soda ash additions & settling but before recarbonation.

0 0.6 0.8 3.1
Ca2t :SOD Na*t
=
& "en
S S SO4% Cr-
a
0 0.4 0.8 2.8

(C) Bar Graph of the water after two-stage recarbonation & final filtration

Figure by MIT OCW.
Adapted from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed. Upper Saddle River, NJ: Pearson Education,
Inc., 2005, p. 446.



Before treatment:
0.4 o 35 43 48

24+ + +

co, Ca l Mg’ Na

HCO4™ S0~ cr

23

0.4 CO. 2.3 meq Ca{HCO;), 1.2 meq CaS0O, 0.8 meg MgS0O,| 0.3

) 2 Carbonate hardness Non-carb. hardness NCH NaCl

After treatment with lime Ca(OH), and intermediate reaction to remove carbonate hardness:
(chemical equations 1,2, & 3)

125 0 12 20 2.3
ca® ca® | we Na*
OH" s0.% cr
1.25 meq excess iime 2.0 meqg NCH 0.3
) - NaCl

After treatment with lime and intermediate reaction to remove noncarbonate Mg hardness:
(chemical equations 4 & 5)

125 0 18 20 23
ca?* ca® Mgl Na*
OH S0,% cr
. 0.3
1.25 meq excess lime 2.0 meqg NCH NaCl

After treatment with soda ash Na,CO;:

(chemical equations 8 & 9)
125 0 0.6 0.8 28 31
ca*' ca® |md Na*
OH HCO;* SO | cr
residual
. 2.0meq 0.3
1.25 meq excess lime 0.8 meq
hardness added soda ash NaCl
After recarbonation:
(chemical equations 6 & 7)
0 06 08 28 31
Ca? |Mg Na®
HCO;5™ s0,* cr
affn‘f: 2.0 meq 03




20.0 wmgll as CalOg
[15.0

Lime requiced
For COgz -

For cavbonate havrdwness —

For Mg nron carbonate hardiness — _}_‘1_:5_
'_ : 4.8 mg/L as CaCO,,
o (25 meq )
convert &om Cal0s 4o CaO ,
CaO 40+ 16 - _:9_@_1 y2-3
Cocos | dorzemxle 0

(4.5 mgll as GaC03 = 9714 mglL as CaO
Tnclode excess lime of %5 my/L | ”

Regd lime = (DD mg/L

Soda. Aeh for noncar bohal'e hardness

NCH = 3a.8 mglL as CalO3, (2.0 maq)

(recall that Mg NEH was Neakd with 1w
_lout eimply swaps Ca for Mg, so shit
nceds treatment with soda ash)

Regd SocooAsh =  99.8 mg/l as CaCO,
_ Lonvert fo NazCOg: -

NasC03
Ca €Oz

\
2x234243x\6
40 +12+2¢lb

chd sodo. ash = &.DG x "H‘% =  |Ob mg/(,

Nole Hiat pgi4 shows HCOz hut will actually be an eqelibrivm
between  CO, HCD3 , CO3  depemding om pH. pev pg 16
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Summary of chemical dosage calculations required for lime & lime-soda ash softening*

PROCESS REQUIRED CHEMICAL DOSAGE CALCULATIONS
Single-Stage Lime: Lime addition for softening:
For waters with high CaO = {carbonic acid concentration} + { calcium carbonate hardness}
calcium, low magnesium, Soda ash addition for softening:
& carbonate hardness Na,CO3 = none

Carbon dioxide for pH adjustment after softening:
estimated carbonate source water source water
CO, = alkalinity of softened { = alkalinity - { calcium
water hardness

estimated residual
+ 1 calcium hardness
of softened water

Excess Lime: Lime addition for softening:

For waters with high . i i
calcium, high magnesium, CaO = {carbonlc a‘?'d ] + [total alkalinity ] + [ magnesium ] + {excess Ilme]
and carbonate hardness: concentration hardness dose

process may be one or Soda ash addition for softening:

two stages Na,CO3 = none

Carbon dioxide for pH adjustment after softening:
estimated residual
co, = {source water _{ source water _[ excess Iime} . { calcium hardness }
alkalinity total hardness dose of softened water
excess lime estimated residual
+2 dose + 4 magnesium hardness

of softened water

Single-Stage Lime Soda | Lime addition for softening:

Ash: Ca0 = {carbonic acid concentration} + { calcium carbonate hardness}
For water with high Soda ash addition for softening:
calcium, low magnesium, Na,CO3 = {calcium noncarbonate hardness} and /or {magnesium noncarbonate hardness}

& carbonate and

noncarbonte hardness Carbon dioxide for pH adjustment after softening:

" da ash source water estimated residual
Co,, = { Sourcewater i ¢ sodaashi_{ caicium +4 calcium hardness

) = o
alkalinity dose hardness of softened water
Excess Lime - Soda Lime addition for softening:
Ash: ic aci ; magnesium) [ magnesium
carbonic acid
For waters with high CaO =\ concentration * calcium ca_rbonate + 2{ carbonate  p+{ noncarbonate
. A . concentration
calcium, high magnesium, hardness hardness
and carbonate and .
. excess lime
noncarbonate hardness; + :
requirement
process may be one or two
stages Soda ash addition for softening:
calcium magnesium
Na,CO3={ noncarbonate ¢ +{ noncarbonate
hardness hardness

Carbon dioxide for pH adjustment after softening:

estimated hydroxide excess lime estimated residual
COy, first stage = { alkalinity of softened ¢ ={ qose +4{ magnesium hardness

water of softened water
estim_at_ed hydroxide source water soda ash source
CO,, second stage = { alkalinity of softened p = alkalinity + dose - { water total
water hardness

hardness of softened
water

{estimated residual }
"

* All quantities are expressed as mg/L as CaCO;

Figure by MIT OCW.

Adapted from: MWH, J. C. Crittenden, R. R. Trussell, D. W. Hand, K. J. Howe, and G. Tchobanoglous.
Water Treatment: Principles and Design. 2nd ed. Hoboken, NJ: John Wiley & Sons, 2005, pp. 1610-1611.





