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Adequate levels of remineralisation
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1.2 Materials and methods
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 1. CHARACTERISTICS OF DESALINATED WATERS
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1.3.4 Behaviour of desalinated water in con-
tact with the atmosphere

!"#$%#&%'(')'(*$+,$-#%./'&.(#-$0.(#1$(+$%.23/'&4$56./'(*$'%$
6&-#1/'&#-$7*$("#$1#%6/(%$%"+0&$'&$8'461#%$9:;<$9:=$.&-$9:>:$$$
?@@+1-'&4$(+$("#%#$1#%6/(%<$-#%./'&.(#-$0.(#1%$(#&-$(+$#56'/A
'71.(#$0'("$("#$BCD$'&$("#$.(2+%3"#1#$'&$.$,#0$"+61%:$$!"'%$

9:$BE?F?B!GFHI!HBI$C8$JGI?KHL?!GJ$M?!GFI

1.3.1 Relationship between CO2 and pH in 
desalinated waters

!.7/#$9:9$ %"+0%$ ("#$ ).1'.('+&$ '&$3E$.($ ("#$3/.&(%<$0"'@"$
.%$2.*$7#$.331#@'.(#-$).1'#%$7#(0##&$=:=$.&-$;:D>:$$B+1A
1#%3+&-'&4/*<$BCD$@+&(#&($).1'#%$7#(0##&$N:>;$24$BCDOK$
.&-$9=$24$BCDOK:$!"#$-.(.$1#!$#@($("#$1#/.('+&%"'3$(".($#PA
'%(%$7#(0##&$BCD$.&-$3E:$$8'461#$9:9$%"+0%$("#$1#%6/(%$+7A
(.'&#-<$6&-#1/'&'&4$("#$@/#.1$1#/.('+&%"'3$7#(0##&$("#$(0+$
3.1.2#(#1%:

!"#$%&'()(+',&-./"0123"4'5&/6&&1'8G*'?01/&1/'.19'4H'"1'
9&2.-"1./&9'6./&%2'.??0%9"1#'/0'9./.'.1.-"2&9'"1'/3&'-.50:
%./0%I'.19'/302&'?.-?$-./&9'6"/3'/3&'C"--B.12'%./"0)J

!"'%$1.('+$31.@('@.//*$@+11#%3+&-%$(+$("#$,+126/.$31#%#&(#-$
7*$!'//2.&%>$.&-$367/'%"#-$'&$9Q9D$.&-$0"#1#$("#$@+&@#&A
(1.('+&$+,$BCD$.&-$./R./'&'(*$.1#$#P31#%%#-$'&$24OK:$

1.3.2 Relationship between EC and the 
presence of Cl and Na

J#%./'&.(#-$0.(#1$'%$.$%+/6('+&$0'("$.1+6&-$>DS$+,$B/L.:$$
!"6%<$("#$@+&-6@(')'(*$+,$-#%./'&.(#-$0.(#1$'&@1#.%#%$31+A
3+1('+&.//*$0'("$'&@1#.%'&4$B/$.&-$L.:$$8'461#$9:D$%"+0%$
("'%$ 1#/.('+&%"'3:$ $!"#$ 1.('+$7#(0##&$B/A$ .&-$L.T$ '%$ 9:D;$
2U+/$B/A$3#1$2U+/$L.T<$.%$%"+0&$'&$8'461#$9:V:

1.3.3 Ca2+ and Mg2+ contents

!"#$@+&(#&(%$'&$B.DT$.&-$U4DT$2.'&(.'&$.$@#1(.'&$31+3+1A
('+&./'(*<$.%$'%$1#!$#@(#-$'&$8'461#$9:W:$$$H&$.@@+1-.&@#$0'("$
("#%#$-.(.<$'($2.*$7#$.%%62#-$.331+P'2.(#/*$(".($
U4DT$X24OKY$Z$9<>$P$B.DT$X24OKY:

E+0#)#1<$0'("$("#$-.(.$.).'/.7/#$&+$@/#.1$1#/.('+&%"'3$".%$
7##&$,+6&-$7#(0##&$GB$.&-$
B.DT$.&-$U4DT$@+&(#&(%:

$$$$$$$$$$$$$$$$$$$$$$$$$$V[BCD,1##\
$3EGZ>A/+4$$
$$$$$$$$$$$$$$$$$$$$$$N<=9[?/@\$$$.($9>]B$[Alk]

Ca2+ and Mg2+ contents

Relationship between EC and the 
presence of Cl and Na
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1.3.5 Total dissolved solids (TDS)

&2# 32# 24567# 37#(89:;#!"!<# =4;#>8:?;2#5@#(.+#>8AB# 2:3C4=:B#
D;E;7D37C#57# =4;#F;=45D#?2;D# =5#59=837# =4;F"#&2#G87#9;#
2;;7#=4;#D3@@;A;7G;#9;=6;;7#=4;#8>;A8C;#>8:?;2#59=837;D#9B#
95=4#F;=45D2#32#57:B#!#FCH/#87D<#=4;A;@5A;<#:;22#=487#!I"#*=#
32#G5723D;A;D<#456;>;A<#=48=#=4;#2?F#F;=45D#5@#873572#87D#
G8=3572#32#G5723D;A;D#F5A;#8GG?A8=;#9;G8?2;#=4;#F;=45D#9B#
DAB37C#8=#!JK#L#$#G87#G8?2;#2F8::#;AA5A;2"M#

*7#87B#G82;<#=4;#>8:?;#5@#=4;#+(.#482#:3==:;#;@@;G=#57#=4;#G8:N
G?:8=357#5@#=4;#/+*NOPPK#Q2;;#$48E=;A#O<#+;G=357#O"R"ST#87D#
2;:;G=37C#8#>8:?;#9;=6;;7#K"RU#87D#K"RV#D5;2#75=#EA5D?G;#
87B#23C73!#G87=#D3@@;A;7G;"

1.3.6 Turbidity of desalinated water

(4;#=?A93D3=B#5@#52F5=32;D#68=;A2#32#:56<#8A5?7D#K"O#0(W"##
%3C4;A# >8:?;2# 5@# =?A93D3=B# 8A;# ?2?8::B# 37D3G8=3>;# 5@# G5AN
A52357# EA59:;F2# 37# =4;# 372=8::8=3572# 5A# 5@# D;@;G=3>;#F;FN
9A87;2"

1.3.7 Larson-Skold index

(4;# /8A257N+X5:D# 37D;Y!P# 5@# D;28:378=;D# 68=;A# 24562# 87#
8>;A8C;#>8:?;#5@#!S!"##(432#32#37D3G8=3>;#5@#8#68=;A#G:;8A:B#

=;7D37C#=5#G8?2;#E3==37C#37#?7EA5=;G=;D#3A57#5A#2=;;:#E3E37C"##
$48E=;A#O#5@#=432#Z?3D;#37G:?D;2#@?A=4;A#37@5AF8=357#57#=4;#
/8A257N+X5:D#37D;Y#87D#3=2#37=;AEA;=8=357"

1.3.8 SAR

(4;#8>;A8C;#>8:?;#5@#=4;#+&'!R#5A#25D3?F#8D25AE=357#A8=35#
32#8A5?7D#M"##(432#E537=2#=5#8#68=;A#=48=#F8B#G8?2;#3FE5AN
=87=#D8F8C;#75=#57:B#=5#=4;#253:#9?=#8:25#=5#G;A=837#GA5E2<#
D?;# =5# 87# ;YG;22# 5@# 25D3?F# 63=4# A;2E;G=# =5# G8:G3?F# 87D#
F8C7;23?F"#-5A#=432#A;8257#3=#32#G57>;73;7=#=5#A;F37;A8:32;#
5A# =5# 8DD#$8#87D#[C#D3A;G=:B#63=4# @;A=3:32;A2"# #-5A#F5A;#
37@5AF8=357#57#=4;#+&'<#A;@;A#=5#$48E=;A#O#5@#=432#Z?3D;"

1.3.9 pH in equilibrium with calcite

-378::B<# (89:;# !"!# 24562# 8:25# =4;# E%# 37# ;\?3:39A3?F#63=4#
G8:G3=;"# &GG5AD37C# =5# =4;2;# D8=8# 87D# 82# D32G?22;D# 9;:56#
8:57C#=432#Z?3D;<#757;#5@#=4;#D;28:=;D#68=;A2#5@#(89:;#!"!#
G57=837#;75?C4#$,O#8=#=4;#A8GX2#5?=:;=#=5#G5FE:;=;#8#A;FN
37;A8:3]8=357#EA5G;22#EA5E;A:B"#*7#87B#G82;<#=4;#$,O#G57=;7=#
5@#52F5=3G#68=;A#D;E;7D2#57#=4;#EA;=A;8=F;7=#5@#=4;#'","!<O
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!"#$%&'()B+',&-./"0123"4'5&/6&&1'
47'.18'9:;<=>>?' @0%' 4&%A&./&8'
6./&%)
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 2. CRITERIA FOR THE ASSESSMENT OF DESALINATED AND 
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2.5. Saturation or Langelier index
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2.5.2 SM2330 method for the calculation of 
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of pHsat
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2.5.5 Value of TDS
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2.6 pHsat and pHeq
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2.7 Effect of temperature on LSI
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2.5.3 Calculation factor for ionic strength (I)
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2.5.4 Comparison of calculation of LSI using 
the simplifi ed method and SM2330
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2.6 PHsat and pHeq

TABLE 2.8: VALUE OF THE QUOTIENT TDS/EC25 
FOR DIFFERENT DESALINATION PLANTS
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2.8 LSI in the Spanish legislation
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3.3 Results and discussion

3.3.1 Equilibrium with atmospheric CO2
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 3. OPTIMUM LEVELS OF REMINERALISATION

ADEQUATE LEVELS OF REMINERALISATION

ADEQUATE LEVELS OF REMINERALIZATION
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3.3.4 Evolution of the pH and LSI of 
remineralised waters according to 
fi eld data
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3.3.3 Obtaining pH in equilibrium with CO2
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3.3.5 Relationship between alkalinity and 
CO2 dosing
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3.4 Conclusions

3.4.1 Optimum levels of remineralisation
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3.3.6 Effect of temperature on LSI
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4.1 Introduction
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4.2 Materials and methods

H$.")#),*#&()(#6.78#),*#4(G7.()7.B#(%(4B"$"#,(9*#G**%#5"*&#
)7#*")$8()*#),*#9(45*#76#),*#.()$7#�:+/;W�!4?A

H5.),*.87.*0# ),*#9(45*#76# ),*#F57)$*%)#,("#G**%#7G)($%*&#
GB#!#.")#5"$%I#(#87&*4#76#.*8$%*.(4$"()$7%#E$),#'(4'$)*/#E$),#
&$66*.*%)#4*9*4"#76#+M/#&7"$%I#(%&#GB#'(4'54()$%I#),*#:+/;#76#
),*#.*8$%*.(4$"*&#E()*.#5"$%I#),*#$7%#'7%).$G5)$7%#8*),7&#
-5G4$",*&#$%#2)(%&(.&#V*),7&"AP
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 4. INDIRECT CALCULATION OF THE LSI AND SAR OF REMINERALISED 
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4.3.3 Sampling and analytical considerations
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4.4 Conclusions
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4.3.1 Indirect calculation of LSI from the 
quotient �EC25/�Alk
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4.3.2 Indirect calculation of SAR
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≈ 1.6

0.5 and 2.8 mg CaCO3/L for values of EC25(0)

∆EC25/∆Alk ≈ 1,65 (or use the relationship of Fig. 4.2)
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 5. TECHNIQUES FOR THE REMINERALISATION OF DESALINATED WATERS
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5.2 Remineralisation with CaCO3 + CO2
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10 min at 32 m/h
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5.2.1 Rate of upfl ow
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5.2.2 Empty bed contact time
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5.2.4. Head loss of calcite bed and fl uidisation
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5.2.3 Effect of temperature

)A#G98=>5A#G><9<# 5=# 5<#>FK5<>C;9# =@#>F[7<=# =?9#G@A=>G=# =5E9#
=@#E@89#9L=89E9#=9EB98>=789#G@AF5=5@A<"##$?9#F8@B#5A#=9ES
B98>=789#G>7<9<# =?9#<B99F#@H#89>G=5@A# =@#F9G89><9V# =?5<# 5A#
=78A#G>7<5A6#>#F8@B#5A#=?9#B98H@8E>AG9#@H#=?9#G>;G5=9#C9F<"##
-56789#!"I#<?@D<#=?5<#F8@B#H@8#>#G>;G5=9#C9F#D5=?#>A#%\&$#
@H#MJ"U#E5A#>AF#>#8>=9#@H#><G9A=#@H#MJ"I#EW?"##$?9#F>=>#<?@D#
=?>=#=?9#G@@;5A6#@H#=?9#C9F#B89K9A=9F#>F9Z7>=9#89E5A98>;5S
<>=5@A#>AF#=?9#B'#@H#I"J#H8@E#C95A6#>==>5A9F"

!"#$%&'()M+',&-./"0123"4'5&/6&&1'4N'.1;'6./&%'/&<4&%.D
/$%&'=0%'.'>.->"/&'5&;'6"/3'.'>01/.>/'/"<&'0='?H)E'<"1$/&2'
.1;'.'%./&'0='.2>&1/'0='?H)M'<O3)#



!"

!"#$%&'()*+%,#-./#$'%#/%0)(%/12),1$).(#.-#3%,12)(1$%3#41$%/,

5.2.6 Final Na(OH) dosing to achieve positive LSI

)5#6789:;5#6:<7<#;9#;<#5767<<:8=#9>#:??#(:@.'A#;5#>8?78#9>#
;5687:<7#9B7#C'#>D#9B7#E:978#:5?#:6B;7F7#:#C><;9;F7#2,)"
$B7#?><7#;5#9B7<7#6:<7<#;<#G7578:HH=#I"!JK"!#LG#(:@.'AM2#
:9#NNO#CP8;9="

5.2.7 Design of calcite beds
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5.2.5. Calcite quality
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5.3 Remineralisation with Ca(OH)2 + CO2
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Figure 5.15: View of calcite silo charging area of an 
upflow constant height calcite plant
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 6. PROCEDURE FOR THE SAMPLING, CONSERVATION AND ANALYSIS OF 
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Bottles should be below ambient temperature prior to be-
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7.1 Introduction
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 7. MIXES OF REMINERALISED AND DESALINATED WATERS

are analyzed. Finally,
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Figure 7.6: Value of LSI depending on percentage of 
desalinated water added to remineralised water with 60 
mg CaCO3/L alkalinity. 
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7.6 Study of the mix of desalinated water 
and continental water
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