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OBJETIVOS DE LA GUÍA

"#$%&'()*+%$,(-(./#$0($(1)/$234/$(1$*#31)./.5$6/.)*(-0%$6.*-7*8

6/#9(-)($0($0/)%1$0($7/96%5$#%1$7.*)(.*%1$:3($0(&(-$3)*#*;/.1($

6/./$(+/#3/.$7%..(7)/9(-)($#/$7/#*0/0$0($#/1$/,3/1$0(1/#/0/1$<$

.(9*-(./#*;/0/15$<$=/7*#*)/.$/14$(#$7396#*9*(-)%$0($#/$-%.9/)*8

+/$6/./$/,3/1$0($/&/1)(7*9*(-)%$0($#/$>"$?@A$!BCDECCFGH$

"-$7%-7.()%5$#%1$%&'()*+%1$(16(74!$7%1$0($#/$234/$1%-I$

J$"1)/&#(7(.$#%1$7.*)(.*%1$0($)%9/$0($93(1)./1$<$7K#73#%$0($

#%1$.(13#)/0%1$/-/#4)*7%1$:3($6(.9*)/-$0(!$-*.$7%..(7)/8
9(-)($#/$7/#*0/0$#/1$/,3/1$0(1/#/0/1$<$.(9*-(./#*;/0/1L$

J$"1)/&#(7(.$73K#(1$0(&(-$1(.$#%1$-*+(#(1$M6)*9%1$0($

.(9*-(./#*;/7*M-$0(-).%$0($3-$7%1)($./;%-/&#(L

J$"1)/&#(7(.$3-$9N)%0%$*-0*.(7)%$6/./$#/$+/#%./7*M-$0(#$

,./0%$0($.(9*-(./#*;/7*M-$/$)./+N1$#%1$*-7.(9(-)%1$(-$

(#$6O$<$#/$P"H$

RESUMEN DE LOS TRABAJOS 
REALIZADOS

"-$(1)/$234/$1($(-)*(-0($6%.$Q/,3/$0(1/#/0/R$/:3(##/$:3($

6.%+*(-($0*.(7)/9(-)($0($#/$M19%1*1$*-+(.1/H$"#$/,3/$0(1/8

#/0/$1($(-)*(-0($:3($(1$3-$/,3/$1*-$.(9*-(./#*;/.H$"#$/,3/$

0(1/#/0/$.(7*&($ )/9&*N-$(#$-%9&.($0($6(.9(/0%H$ $"1$ *98

6%.)/-)($)(-(.$(-$73(-)/$:3($#%1$0/)%1$:3($1($9/-('/-$6/./$

#/$(#/&%./7*M-$0($(1)/$234/$6.%7(0(-$ )%0%1$0($6#/-)/1$0($

0(1/#/7*M-$0($/,3/$0($9/.H$

"#$ )./&/'%$ *-7#3<(5$ (-$ 6.*9(.$ #3,/.5$ 3-/$ (S)(-1/$ 7%-13#)/$

&*&#*%,.K!$7/$1%&.($(1)%1$)(9/1$<$(-$(16(7*/#$1%&.($#%1$(18
)K-0/.(1$0($7/#*0/0$<$9N)%0%1$/-/#4)*7%1H

T/./#(#/9(-)(5$ 1($ U/-$ .(/#*;/0%$ 3-/$ 1(.*($ 0($ /-K#*1*1$ 0($

/,3/1$ 0(1/#/0/1$ 6.%7(0(-)(1$ 0($ 0*1)*-)/1$ 0(1/#/0%./1$ 7%-$

(#$!$-$0($(1)30*/.$(#$7%96%.)/9*(-)%$0($(1)/1$/,3/1$(-$7%-8
)/7)%$7%-$#/$/)9M1=(./H

V$ 7%-)*-3/7*M-5$ 1($ /-/#*;/.%-$ #%1$ 7.*)(.*%1$ 0($ (+/#3/7*M-$

9K1$=.(73(-)(1$<$(-$(16(7*/#$(#$4-0*7($0($1/)3./7*M-$0($W/-8

,(#*(.$?WXYG$<$(#$6.%7(0*9*(-)%$6/./$(#$7K#73#%$0(#$6O$0($

1/)3./7*M-$?6O1/)GH$

"-$ &/1($ )/9&*N-$ /$ 0/)%1$ 7%-7.()%1$ 1($ U/-$ (S/9*-/0%$ #/1$

7/./7)(.41)*7/1$0($#/1$/,3/1$.(9*-(./#*;/0/1$<$13$7%96%.)/8

9*(-)%$(-$7%-)/7)%$7%-$#/$/)9M1=(./H$"#$%&'()*+%$(./$0(9%18

)./.$73K#(1$1%-$#%1$-*+(#(1$M6)*9%1$0($.(9*-(./#*;/7*M-$:3($

,/./-)*;/-$3-$WXY$(1)/&#($<$3-$7%-139%$94-*9%$0($PZ
E
H$

T/./$(+/#3/.$9('%.$#%1$.(13#)/0%15$1($.(/#*;/.%-$1*93#/7*%8

-(1$9/)(9K)*7/1$(16(74!$7/1$1%&.($#/$.(9*-(./#*;/7*M-5$3)*8
#*;/-0%$6.%,./9/1$0($7K#73#%$7%-$&/1($)(M.*7/$/'31)/0%1$/$

6/.)*.$0($0/)%1$(964.*7%1H

RESUMEN Y CONCLUSIONES

$CH$@"X>["\$]$PZ\PW>XYZ\"X

>-/$6/.)($*96%.)/-)($0($#%1$)./&/'%1$U/$1*0%$(-=%7/0/$U/7*/$

(#$(1)30*%$0($#%1$7/9&*%1$0($#/$7%96%1*7*M-$0($#/1$/,3/1$

0(1/#/0/1$6.%+%7/0%1$6%.$#/$.(9*-(./#*;/7*M-H$$"#$%&'()*+%$

(./$(1)/&#(7(.$3-$9N)%0%$:3($6(.9*)*(./$(#$7K#73#%$*-0*.(7)%$

0(#$WXY5$/14$7%9%$%).%1$4-0*7(15$/$6/.)*.$0(#$*-7.(9(-)%$0(#$

6O$<$0($#/$P"H

W/$ 234/$ *-7#3<($ )/9&*N-$ 3-$ .(139(-$ 0($ #/1$ )N7-*7/1$ 0($

.(9*-(./#*;/7*M-$7%-$(16(7*/#$U*-7/6*N$ (-$ #/1$ )N7-*7/1$0($

#%1$#(7U%1$0($7/#7*)/$0($0%1*!$7/7*M-$7%-$#(7U/0/$0($7/#H$X($
*-7#3<($ )/9&*N-$3-/$1(.*($0($.(7%9(-0/7*%-(1$/$ )(-(.$(-$

73(-)/$(-$#/$0%1*!$7/7*M-$0($PZ
E
H

W/$234/$*-7#3<($3-$7/64)3#%$7%-$*-0*7/7*%-(1$6/./$(#$93(18

).%$<$/-K#*1*1$0($#/1$/,3/1$0(1/#/0/1$<$.(9*-(./#*;/0/1$/)(-8

0*(-0%$/$13$&/'/$/#7/#*-*0/0$<$/$#/$=/7*#*0/0$7%-$:3($+/.4/$

13$7%-)(-*0%$(-$PZ
E
H

T%.$ ^#)*9%5$ #/$ 234/$ *-7#3<($ 3-$ (1)30*%$ 0($ 6.%,./9/1$ 0($

1*93#/7*M-$ 0($9(;7#/1$ <$ 13$ 3)*#*0/0$ 6/./$ /-/#*;/.$ (#$ 6%.$

7*(-)%$0($/,3/1$0(1/#/0/1$:3($63(0(-$9(;7#/.1($7%-$/,3/1$

.(9*-(./#*;/0/1$%$/,3/1$7%-)*-(-)/#(1$03./1H

CONCLUSIONES

W/$234/$7%-1)/$0($1*()($7/64)3#%1H$V$7%-)*-3/7*M-$1($.(139(-$

#/1$7%-7#31*%-(1$9K1$*96%.)/-)(1$0($7/0/$3-%$0($(##%1H$

1. Características de las aguas desaladas

W/1$/,3/1$0(1/#/0/1$.(16%-0(-$/$3-/$1%#37*M-$7%-$3-$7%-8

)(-*0%$9(0*%$(-$1M#*0%1$)%)/#(1$0*13(#)%1$0($E_C$9,$X`ADW5$

0%-0($/6.%S*9/0/9(-)($(#$aEb$(1$P#\/H$ $W/1$/,3/1$0(8

1/#/0/1$ )*(-(-$3-$7%-)(-*0%$93<$&/'%$0($OPZ
F

8$ ?c$B$9,$

OPZ
F

8DWG5$ /14$ 7%9%$P/Ed$ ?c$ E5e$9,$P/EdDWG$ <$[,Ed$ ?c$B$

9,$[,EdDWGH$

"#$ 7%-)(-*0%$ (-$ 9/,-(1*%$ (1$ /6.%S*9/0/9(-)($ (#$ 0%&#($

:3($(#$0($7/#7*%5$(S6.(1/0%1$/9&%1$(-$9,DWH$

"#$6O$/$#/$1/#*0/$0($#%1$&/1)*0%.(1$0($M19%1*1$*-+(.1/$%17*#/$

0(10($e5F$/$f5a5$0(6(-0*(-0%$0($#/1$7%-0*7*%-(1$0($%6(./8

7*M-$0($ #/$6#/-)/H$P%..(16%-0*(-)(9(-)(5$ (#$ 7%-)(-*0%$(-$

PZ
E
$+/.4/$(-).($C5_$<$!f$9,$PZ

E
DWH$

V#,3-/1$/,3/1$63(0(-$1/#*.1($0($(1)($./-,%$0(&*0%$/$)./)/8

9*(-)%1$(16(74!$7%1H$W%1$7/1%1$0($6O1$/#)%1$(1)K-$.(#/7*%8
-/0%1$7%-$#/$-(7(1*0/0$0($/39(-)/.$(#$.(7U/;%$0($&%.%$0($

#/1$9(9&./-/1H$

W/$ .(#/7*M-$ #%,/.4)9*7/$ 0(17.*)/$ (-$ #/$ #*)(./)3./$ (-).($ (#$

6O$<$(#$7%-)(-*0%$(-$PZ
E
$0(#$/,3/$1($+($7%..%&%./0/$7%-$

#%1$ 0/)%1$ %&)(-*0%1$ 6/./$ #/1$ /,3/1$ 0(1/#/0/1$ /$ #/$ 1/#*0/$

0(#$&/1)*0%.H

de los incrementos
en el pH y la CE.

  y 

 con LSI >- 0,5.  
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"#$%&'()&*$+$,-*,.('/-*&'

&0$1231$45610141$78595$39$.'/$89:5;8<;$1$=>$?<;$0<$@35$785945$
1$486<0A5;$50$B1;C<917<$BD0B8B<#$E1FC8G9$?;565971$50$;8562<$
45$?;<C05F16$45$B<;;<68H9$?<;$63$F1I<;$B<975984<$59$B0<=
;3;<6$JK"=L""$F2$,0=M.N$I$630:17<6$JL=OPQ$F2$'->

RN$;56?5B7<$
10$45$C8B1;C<917<6$JL=>$F2$S,-!

=M.N#$

&0$ ?S$450$ 1231$ 45610141$ 65$ 5@3808C;1$ ;D?841F5975$ B<9$ 50$
B<975984<$59$,-L$45$01$17FH6:5;1P$?<;$0<$@35$45C5$65;$191=
08T14<$B<9$B38414<$I$?;5:5;5975F5975$!"#$!%&#$

&9$5@3808C;8<$B<9$01$17FH6:5;1P$50$?S$450$1231$<6F<78T141$
567D$597;5$KPU$I$QP"$I$50$B<975984<$59$,-L$10;5454<;$45$"P!$
F2$,-LM.#$&0$.'/$65$F1978595$10;5454<;$45$=>#$

.1$73;C845T$450$1231$<6F<78T141$567D$10;5454<;$45$"PL$*E(P$
?348594<$B<96845;1;65$A10<;56$63?5;8<;56$B<F<$8948B178A<$
45$?;<C05F16$59$016$8967101B8<956#$

&0$'V%$450$1231$45610141$I$689$;5F895;108T1;$56$F1I<;$<$
82310$@35$UP$ 0<$@35$ 8948B1$@35P$ 50$ 1231$45610141$1?08B141$
48;5B71F5975P$?3545$65;$?5;W348B810$?1;1$01$567;3B73;1$45$0<6$
6350<6$12;XB<016#$E1FC8G9$?3545$B1361;$?;<C05F16$45$7<Y8=
B8414$?1;1$10239<6$B3078A<6$?<;$50$5YB56<$59$*1Z$;56?5B7<$
10$,1LZ$I$)2LZ#$

[<;$\078F<P$0<6$;5630714<6$1?39719$1$@35$50$1231$45610141$
9<$ 78595$2595;10F5975$ 63!$B85975$,-L$B<F<$?1;1$?5;F878;$
391$;5F895;108T1B8H9$?<;$0<$@35$65$;5@385;5$39$1?<;75$148=
B8<910$45$,-L#$$

2. Criterios de evaluación de las aguas 
desaladas y remineralizadas 

V39@35$5Y8675$39$FG7<4<$68F?08!$B14<P$71FC8G9$B<9<B84<$
B<F<$FG7<4<$V],^P$?1;1$50$BD0B30<$450$?S617P$65$_1B5$9<=
71;$ @35$ 5675$FG7<4<$ 68F?08!$B14<$ 56$ 39$FG7<4<$ B<9$ C165$
5F?X;8B1$@35$9<$B<96845;1$391$65;85$45$16?5B7<6$ 6<C;5$ 01$
@3XF8B1$450$1231$@35$45C59$65;$75984<6$59$B35971$1$01$_<;1$
45$A10<;1;$145B3141F5975$0<6$:1B7<;56$@35$8975;A85959$59$01$
;51BB8H9$CD68B1$45$6173;1B8H9#$

[<;$ 7197<P$5671$`3X1$ ;5B<F85941$50$36<$450$'71941;4$)5=
7_<4$L!!"$J')L!!"NP$C1614<$59$39$BD0B30<$FD6$;823;<6<$45$
016$;51BB8<956$@35$8975;A85959#$

VFC<6$FG7<4<6$?;<43B59$39$A10<;$48:5;5975$450$?S617#$&0$
A10<;$<C75984<$?<;$50$FG7<4<$68F?08!$B14<$56$1?;<Y8F141=
F5975$"PL$39841456$FD6$952178A<P$@35$50$<C75984<$?<;$68=
238594<$50$')L!!"#$,<;;56?<9485975F5975P$50$.'/$;563071$
71FC8G9$89:5;8<;$59$"PL$39841456$10$.'/$<C75984<$652\9$50$
')L!!"#$

V75948594<$1$@35$50$')L!!"$56$50$FG7<4<$14<?714<$8975;=
91B8<910F5975P$ 65$B<96845;1$@35$50$B3F?08F8597<$450$%^$
a>"ML""!$45C5;D$B<967171;65$45$1B35;4<$B<9$50$FG7<4<$56=
71941;4$')$L!!"$I$9<$50$68F?08!$B14<$V],^#$

3. Niveles óptimos de remineralización 

&0$<CW578A<$45$ 01$ ;5F895;108T1B8H9$ 56P$ 2595;10F5975P$ ?;<=
43B8;$39$1231$B<9$39$X948B5$45$.1925085;$F3I$?;HY8F<$1$
B5;<$I$@35$?5;F195B5$5671C05$59$B<971B7<$B<9$01$17FH6:5;1#$
V45FD6P$65$7;171$45$B<965238;$567<$B<9$39$B<963F<$FX98F<$
45$,-L$B<9$50$!$9$45$F898F8T1;$0<6$B<6756$45$5Y?0<71B8H9#$

'52\9$5675$567348<P$65$B<96845;1$@35$?1;1$@35$39$1231$4561=
0141$567G$C859$;5F895;108T141P$59$39$;192<$45$75F?5;173;16$
597;5$a>b,$I$LOb,P$45C5;D$ 7595;$ 016$B1;1B75;X678B16$@35$65$
?;5659719$59$01$E1C01$"#a#$$

!"#$"% &'()%,V%V,E&%c'E/,V'$%&,-)&*^V^V'$
[V%V$ .V'$ V`(V'$ ^&'V.V^V'$ ,-*$ (*$ */d&.$
e[E/)-$^&$%&)/*&%V./fV,/e*#$

E10$I$ B<F<$65$ 8948B1$59$50$,1?X730<$aP$ 01$F1I<;X1$45$ 016$
?019716$4561014<;16$785959$@35$1g148;$,-L$456?3G6$45$01$H6=
F<686$89A5;61$I$19756$45$01$;5F895;108T1B8H9$?1;1$10B19T1;$
0<6$A10<;56$45$01$E1C01$"#a#

*+,-./%&'()%012/3+45%156.1%2/%/23/2+5+7/7%712%81.91/7:%
;%2/%7:<+!%3/3+45%71%=>?%8/./%3:5<1,-+.%-5%/,-/%.19+@
51./2+A/7/%/%8B%CD?E%;%3:5%&DF%9,%=>?G$%3:5%213H:<%71%
3/23+6/'%%I/6:<%<+9-2/7:<%/%8/.6+.%71%-5%/,-/%71</2/7/%
3:5%('J%9,%=/?KG$%;%%??%L='J

.1$ 4<68!$B1B8H9$ 45$ ,-LP$ 95B561;81$ ?1;1$ 10B19T1;$ 0<6$ 98A5056$
45$ ;5F895;108T1B8H9$?;<?3567<6$59$ 01$E1C01$"#a$45?59459$45$
01$10B10898414$450$?5;F514<$19756$45$ 01$;5F895;108T1B8H9#$&9$
01$h823;1$"#a$65$F3567;19$016$4<686$;5@35;8416$?1;1$B141$1231$
652\9$50$?S$I$01$10B10898414$450$?5;F514<$19756$45$01$;5F895=
;108T1B8H9#

M/.N916.:% 0/5,:

?S$ iPL$j$"Pa

V0kP$F2$,1,-!M.$ OK$j$!

S,-!
=P$F2M.$ Ki$j$!

,1LZP$F2M.$ La$j$L

,-LP$F2M.$ "PQ$j$"Pa

.'/$J')L!!"N$ j$"PaO

 ADECUADO DE REMINERALIZACIÓN.   
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"#$%&'()&*$+$,-*,.('/-*&'

&0$1231$45610141$78595$39$.'/$89:5;8<;$1$=>$?<;$0<$@35$785945$
1$486<0A5;$50$B1;C<917<$BD0B8B<#$E1FC8G9$?;565971$50$;8562<$
45$?;<C05F16$45$B<;;<68H9$?<;$63$F1I<;$B<975984<$59$B0<=
;3;<6$JK"=L""$F2$,0=M.N$I$630:17<6$JL=OPQ$F2$'->

RN$;56?5B7<$
10$45$C8B1;C<917<6$JL=>$F2$S,-!

=M.N#$

&0$ ?S$450$ 1231$ 45610141$ 65$ 5@3808C;1$ ;D?841F5975$ B<9$ 50$
B<975984<$59$,-L$45$01$17FH6:5;1P$?<;$0<$@35$45C5$65;$191=
08T14<$B<9$B38414<$I$?;5:5;5975F5975$!"#$!%&#$

&9$5@3808C;8<$B<9$01$17FH6:5;1P$50$?S$450$1231$<6F<78T141$
567D$597;5$KPU$I$QP"$I$50$B<975984<$59$,-L$10;5454<;$45$"P!$
F2$,-LM.#$&0$.'/$65$F1978595$10;5454<;$45$=>#$

.1$73;C845T$450$1231$<6F<78T141$567D$10;5454<;$45$"PL$*E(P$
?348594<$B<96845;1;65$A10<;56$63?5;8<;56$B<F<$8948B178A<$
45$?;<C05F16$59$016$8967101B8<956#$

&0$'V%$450$1231$45610141$I$689$;5F895;108T1;$56$F1I<;$<$
82310$@35$UP$ 0<$@35$ 8948B1$@35P$ 50$ 1231$45610141$1?08B141$
48;5B71F5975P$?3545$65;$?5;W348B810$?1;1$01$567;3B73;1$45$0<6$
6350<6$12;XB<016#$E1FC8G9$?3545$B1361;$?;<C05F16$45$7<Y8=
B8414$?1;1$10239<6$B3078A<6$?<;$50$5YB56<$59$*1Z$;56?5B7<$
10$,1LZ$I$)2LZ#$

[<;$\078F<P$0<6$;5630714<6$1?39719$1$@35$50$1231$45610141$
9<$ 78595$2595;10F5975$ 63!$B85975$,-L$B<F<$?1;1$?5;F878;$
391$;5F895;108T1B8H9$?<;$0<$@35$65$;5@385;5$39$1?<;75$148=
B8<910$45$,-L#$$

2. Criterios de evaluación de las aguas 
desaladas y remineralizadas 

V39@35$5Y8675$39$FG7<4<$68F?08!$B14<P$71FC8G9$B<9<B84<$
B<F<$FG7<4<$V],^P$?1;1$50$BD0B30<$450$?S617P$65$_1B5$9<=
71;$ @35$ 5675$FG7<4<$ 68F?08!$B14<$ 56$ 39$FG7<4<$ B<9$ C165$
5F?X;8B1$@35$9<$B<96845;1$391$65;85$45$16?5B7<6$ 6<C;5$ 01$
@3XF8B1$450$1231$@35$45C59$65;$75984<6$59$B35971$1$01$_<;1$
45$A10<;1;$145B3141F5975$0<6$:1B7<;56$@35$8975;A85959$59$01$
;51BB8H9$CD68B1$45$6173;1B8H9#$

[<;$ 7197<P$5671$`3X1$ ;5B<F85941$50$36<$450$'71941;4$)5=
7_<4$L!!"$J')L!!"NP$C1614<$59$39$BD0B30<$FD6$;823;<6<$45$
016$;51BB8<956$@35$8975;A85959#$

VFC<6$FG7<4<6$?;<43B59$39$A10<;$48:5;5975$450$?S617#$&0$
A10<;$<C75984<$?<;$50$FG7<4<$68F?08!$B14<$56$1?;<Y8F141=
F5975$"PL$39841456$FD6$952178A<P$@35$50$<C75984<$?<;$68=
238594<$50$')L!!"#$,<;;56?<9485975F5975P$50$.'/$;563071$
71FC8G9$89:5;8<;$59$"PL$39841456$10$.'/$<C75984<$652\9$50$
')L!!"#$

V75948594<$1$@35$50$')L!!"$56$50$FG7<4<$14<?714<$8975;=
91B8<910F5975P$ 65$B<96845;1$@35$50$B3F?08F8597<$450$%^$
a>"ML""!$45C5;D$B<967171;65$45$1B35;4<$B<9$50$FG7<4<$56=
71941;4$')$L!!"$I$9<$50$68F?08!$B14<$V],^#$

3. Niveles óptimos de remineralización 

&0$<CW578A<$45$ 01$ ;5F895;108T1B8H9$ 56P$ 2595;10F5975P$ ?;<=
43B8;$39$1231$B<9$39$X948B5$45$.1925085;$F3I$?;HY8F<$1$
B5;<$I$@35$?5;F195B5$5671C05$59$B<971B7<$B<9$01$17FH6:5;1#$
V45FD6P$65$7;171$45$B<965238;$567<$B<9$39$B<963F<$FX98F<$
45$,-L$B<9$50$!$9$45$F898F8T1;$0<6$B<6756$45$5Y?0<71B8H9#$

'52\9$5675$567348<P$65$B<96845;1$@35$?1;1$@35$39$1231$4561=
0141$567G$C859$;5F895;108T141P$59$39$;192<$45$75F?5;173;16$
597;5$a>b,$I$LOb,P$45C5;D$ 7595;$ 016$B1;1B75;X678B16$@35$65$
?;5659719$59$01$E1C01$"#a#$$

!"#$"% &'()%,V%V,E&%c'E/,V'$%&,-)&*^V^V'$
[V%V$ .V'$ V`(V'$ ^&'V.V^V'$ ,-*$ (*$ */d&.$
e[E/)-$^&$%&)/*&%V./fV,/e*#$

E10$I$ B<F<$65$ 8948B1$59$50$,1?X730<$aP$ 01$F1I<;X1$45$ 016$
?019716$4561014<;16$785959$@35$1g148;$,-L$456?3G6$45$01$H6=
F<686$89A5;61$I$19756$45$01$;5F895;108T1B8H9$?1;1$10B19T1;$
0<6$A10<;56$45$01$E1C01$"#a#

*+,-./%&'()%012/3+45%156.1%2/%/23/2+5+7/7%712%81.91/7:%
;%2/%7:<+!%3/3+45%71%=>?%8/./%3:5<1,-+.%-5%/,-/%.19+@
51./2+A/7/%/%8B%CD?E%;%3:5%&DF%9,%=>?G$%3:5%213H:<%71%
3/23+6/'%%I/6:<%<+9-2/7:<%/%8/.6+.%71%-5%/,-/%71</2/7/%
3:5%('J%9,%=/?KG$%;%%??%L='J

.1$ 4<68!$B1B8H9$ 45$ ,-LP$ 95B561;81$ ?1;1$ 10B19T1;$ 0<6$ 98A5056$
45$ ;5F895;108T1B8H9$?;<?3567<6$59$ 01$E1C01$"#a$45?59459$45$
01$10B10898414$450$?5;F514<$19756$45$ 01$;5F895;108T1B8H9#$&9$
01$h823;1$"#a$65$F3567;19$016$4<686$;5@35;8416$?1;1$B141$1231$
652\9$50$?S$I$01$10B10898414$450$?5;F514<$19756$45$01$;5F895=
;108T1B8H9#

M/.N916.:% 0/5,:

?S$ iPL$j$"Pa

V0kP$F2$,1,-!M.$ OK$j$!

S,-!
=P$F2M.$ Ki$j$!

,1LZP$F2M.$ La$j$L

,-LP$F2M.$ "PQ$j$"Pa

.'/$J')L!!"N$ j$"PaO

!

"#$%&'()&*$+$,-*,.('/-*&'

&0$1231$45610141$78595$39$.'/$89:5;8<;$1$=>$?<;$0<$@35$785945$
1$486<0A5;$50$B1;C<917<$BD0B8B<#$E1FC8G9$?;565971$50$;8562<$
45$?;<C05F16$45$B<;;<68H9$?<;$63$F1I<;$B<975984<$59$B0<=
;3;<6$JK"=L""$F2$,0=M.N$I$630:17<6$JL=OPQ$F2$'->

RN$;56?5B7<$
10$45$C8B1;C<917<6$JL=>$F2$S,-!

=M.N#$

&0$ ?S$450$ 1231$ 45610141$ 65$ 5@3808C;1$ ;D?841F5975$ B<9$ 50$
B<975984<$59$,-L$45$01$17FH6:5;1P$?<;$0<$@35$45C5$65;$191=
08T14<$B<9$B38414<$I$?;5:5;5975F5975$!"#$!%&#$

&9$5@3808C;8<$B<9$01$17FH6:5;1P$50$?S$450$1231$<6F<78T141$
567D$597;5$KPU$I$QP"$I$50$B<975984<$59$,-L$10;5454<;$45$"P!$
F2$,-LM.#$&0$.'/$65$F1978595$10;5454<;$45$=>#$

.1$73;C845T$450$1231$<6F<78T141$567D$10;5454<;$45$"PL$*E(P$
?348594<$B<96845;1;65$A10<;56$63?5;8<;56$B<F<$8948B178A<$
45$?;<C05F16$59$016$8967101B8<956#$

&0$'V%$450$1231$45610141$I$689$;5F895;108T1;$56$F1I<;$<$
82310$@35$UP$ 0<$@35$ 8948B1$@35P$ 50$ 1231$45610141$1?08B141$
48;5B71F5975P$?3545$65;$?5;W348B810$?1;1$01$567;3B73;1$45$0<6$
6350<6$12;XB<016#$E1FC8G9$?3545$B1361;$?;<C05F16$45$7<Y8=
B8414$?1;1$10239<6$B3078A<6$?<;$50$5YB56<$59$*1Z$;56?5B7<$
10$,1LZ$I$)2LZ#$

[<;$\078F<P$0<6$;5630714<6$1?39719$1$@35$50$1231$45610141$
9<$ 78595$2595;10F5975$ 63!$B85975$,-L$B<F<$?1;1$?5;F878;$
391$;5F895;108T1B8H9$?<;$0<$@35$65$;5@385;5$39$1?<;75$148=
B8<910$45$,-L#$$

2. Criterios de evaluación de las aguas 
desaladas y remineralizadas 

V39@35$5Y8675$39$FG7<4<$68F?08!$B14<P$71FC8G9$B<9<B84<$
B<F<$FG7<4<$V],^P$?1;1$50$BD0B30<$450$?S617P$65$_1B5$9<=
71;$ @35$ 5675$FG7<4<$ 68F?08!$B14<$ 56$ 39$FG7<4<$ B<9$ C165$
5F?X;8B1$@35$9<$B<96845;1$391$65;85$45$16?5B7<6$ 6<C;5$ 01$
@3XF8B1$450$1231$@35$45C59$65;$75984<6$59$B35971$1$01$_<;1$
45$A10<;1;$145B3141F5975$0<6$:1B7<;56$@35$8975;A85959$59$01$
;51BB8H9$CD68B1$45$6173;1B8H9#$

[<;$ 7197<P$5671$`3X1$ ;5B<F85941$50$36<$450$'71941;4$)5=
7_<4$L!!"$J')L!!"NP$C1614<$59$39$BD0B30<$FD6$;823;<6<$45$
016$;51BB8<956$@35$8975;A85959#$

VFC<6$FG7<4<6$?;<43B59$39$A10<;$48:5;5975$450$?S617#$&0$
A10<;$<C75984<$?<;$50$FG7<4<$68F?08!$B14<$56$1?;<Y8F141=
F5975$"PL$39841456$FD6$952178A<P$@35$50$<C75984<$?<;$68=
238594<$50$')L!!"#$,<;;56?<9485975F5975P$50$.'/$;563071$
71FC8G9$89:5;8<;$59$"PL$39841456$10$.'/$<C75984<$652\9$50$
')L!!"#$

V75948594<$1$@35$50$')L!!"$56$50$FG7<4<$14<?714<$8975;=
91B8<910F5975P$ 65$B<96845;1$@35$50$B3F?08F8597<$450$%^$
a>"ML""!$45C5;D$B<967171;65$45$1B35;4<$B<9$50$FG7<4<$56=
71941;4$')$L!!"$I$9<$50$68F?08!$B14<$V],^#$

3. Niveles óptimos de remineralización 

&0$<CW578A<$45$ 01$ ;5F895;108T1B8H9$ 56P$ 2595;10F5975P$ ?;<=
43B8;$39$1231$B<9$39$X948B5$45$.1925085;$F3I$?;HY8F<$1$
B5;<$I$@35$?5;F195B5$5671C05$59$B<971B7<$B<9$01$17FH6:5;1#$
V45FD6P$65$7;171$45$B<965238;$567<$B<9$39$B<963F<$FX98F<$
45$,-L$B<9$50$!$9$45$F898F8T1;$0<6$B<6756$45$5Y?0<71B8H9#$

'52\9$5675$567348<P$65$B<96845;1$@35$?1;1$@35$39$1231$4561=
0141$567G$C859$;5F895;108T141P$59$39$;192<$45$75F?5;173;16$
597;5$a>b,$I$LOb,P$45C5;D$ 7595;$ 016$B1;1B75;X678B16$@35$65$
?;5659719$59$01$E1C01$"#a#$$

!"#$"% &'()%,V%V,E&%c'E/,V'$%&,-)&*^V^V'$
[V%V$ .V'$ V`(V'$ ^&'V.V^V'$ ,-*$ (*$ */d&.$
e[E/)-$^&$%&)/*&%V./fV,/e*#$

E10$I$ B<F<$65$ 8948B1$59$50$,1?X730<$aP$ 01$F1I<;X1$45$ 016$
?019716$4561014<;16$785959$@35$1g148;$,-L$456?3G6$45$01$H6=
F<686$89A5;61$I$19756$45$01$;5F895;108T1B8H9$?1;1$10B19T1;$
0<6$A10<;56$45$01$E1C01$"#a#

*+,-./%&'()%012/3+45%156.1%2/%/23/2+5+7/7%712%81.91/7:%
;%2/%7:<+!%3/3+45%71%=>?%8/./%3:5<1,-+.%-5%/,-/%.19+@
51./2+A/7/%/%8B%CD?E%;%3:5%&DF%9,%=>?G$%3:5%213H:<%71%
3/23+6/'%%I/6:<%<+9-2/7:<%/%8/.6+.%71%-5%/,-/%71</2/7/%
3:5%('J%9,%=/?KG$%;%%??%L='J

.1$ 4<68!$B1B8H9$ 45$ ,-LP$ 95B561;81$ ?1;1$ 10B19T1;$ 0<6$ 98A5056$
45$ ;5F895;108T1B8H9$?;<?3567<6$59$ 01$E1C01$"#a$45?59459$45$
01$10B10898414$450$?5;F514<$19756$45$ 01$;5F895;108T1B8H9#$&9$
01$h823;1$"#a$65$F3567;19$016$4<686$;5@35;8416$?1;1$B141$1231$
652\9$50$?S$I$01$10B10898414$450$?5;F514<$19756$45$01$;5F895=
;108T1B8H9#

M/.N916.:% 0/5,:

?S$ iPL$j$"Pa

V0kP$F2$,1,-!M.$ OK$j$!

S,-!
=P$F2M.$ Ki$j$!

,1LZP$F2M.$ La$j$L

,-LP$F2M.$ "PQ$j$"Pa

.'/$J')L!!"N$ j$"PaO

 con lechos de calcita. 

 Niveles adecuados de remineralización



!

!"#$%&'()*+',-.&/"01'-12%-'.&'34*5'6-.'&#$&'6-'7-%8-&69'
:'-.'/9/"-12-' 34*5; <.='7&%&' .&>'&#$&>'%-8"1-%&."?&@
6&>'A&>2&'7B'CD*)'

"#$%&'( )*+,*( -./+-(01!(2(314(56(7*789
:;<(=*+*()*#&+->(?-(

7@3!%&'(-./+-(3!0( A;B5(2(C00( A;B5(+->=-B/D)*5-./-E

@#()*#&+(?-(7*%+'(?-#(*6F*(+-5D.-+*#DG*?*(=F-?-(B*#BF#*+>-(*(
=*+/D+(?-(#*(+*GH.(7*%+'(I("#$%+';31!E

<&>()*#&+->(?-(=J%+'(2(K%+'(?-L-+M.(>-+(#&>(/&5*?&>(!"#$!%&(*(
/+*)N>(?-(#&>(-OFD=&>(?-(5-?D?*(B&#&B*?&>(-.(#,.-*E(

P.*()-G(&L/-.D?&>(/&?&>(#&>(=*+M5-/+&>1(-#(5N/&?&(?-(BM#:
BF#&(?-#(<AQ%+'(?-L-(>-+(-#(AR3990E9

@>/-(=+&B-?D5D-./&(=-+5D/-(->/D5*+(-#(<AQ%+'(B&.(F.*(*=+&SD:
5*BDH.(?-(T010!1(-.(-#(+*.6&(-.(OF-(>-(&=-+*(-.(#*>(=#*./*>(
?->*#*?&+*>1(<AQ(T(0E!E

U-( *BF-+?&( B&.( -#( ->/F?D&( +-*#DG*?&1( 2( =*+*( *#B*.G*+( #&>(
.D)-#->(H=/D5&>(*=F./*?&>(-.(#*(K*L#*(VEW1(-#(D.B+-5-./&(?-(
*#B*#D.D?*?(?-L-+M(?-(>-+(*#(5-.&>(!!(56(7*789;<

<&(OF-(D5=#DB*(OF-(-#(D.B+-5-./&(?-(7@3!(B*F>*?&(=&+(#*(
+-5D.-+*#DG*BDH.(?-L-+M(->/*+(-.(-#(+*.6&X

7@3!(I(4!(:(YC( A;B5

Z*+*(-#(BM#BF#&(?-#(A"[%+'(>-(=F-?-(*>F5D+(OF-X

7*%+'(I("#$%+';31!
R6%+'(I(31!(56;<
\*%+'(%56;<'(I(01W!VY(S(7@3!%0'(](013W9CE

<*>(B&.?DBD&.->(?-(5F->/+-&(?-L-.(&=/D5DG*+>-(=*+*(-)D/*+(
#*(=N+?D?*(?-(783(2(&L/-.-+()*#&+->(?-(=J(2(/-5=-+*/F+*(#&(
5M>(=+HSD5&>(*(#*>(B&.?DBD&.->(?-(&=-+*BDH.(*./->(2(?->:
=FN>(?-#(>D>/-5*(?-(+-5D.-+*#DG*BDH.E

5. Técnicas de remineralización 

@#( *.M#D>D>( ?-( #*>( /NB.DB*>( ?-( +-5D.-+*#DG*BDH.(?-5F->/+*(
OF-(/*./&(#*(/NB.DB*(?-(#-B^&>(?-(B*#BD/*(B&5&(?-(#-B^*?*(
?-(B*#(/D-.-.(F.(*#/&(.D)-#(?-(?->*++&##&E(@#(5-.&+(B&.>F5&(
?-(783(2(#*(5-.&+(B&5=#-_D?*?(?-#(=+&B->&(*=F./*.(*(OF-(

0E([@APR@\(`(78\7<PAQ8\@A

<*(?&>D!(B*BDH.(?-(#*(aD6F+*(0EW(>-(+-!(-+-(*(#*(+-5D.-+*#DG*BDH.(
B&.(#-B^&>(?-(B*#BD/*E(@.(B*>&(?-(F/D#DG*+(7*%8J'31(#*(?&>D!(B*:
BDH.(?-(783(?-L-+M(?-(>-+(-#(?&L#-E(<*>(?&>D>(?-(#*(aD6F+*(0EW(
>&.(=*+*(F.*(-!(BD-.BD*(?-#(W00b(=&+(#&(OF-(?-L-(>-+(B&++-6D?&>(
*#(*#G*(-.(B*>&(?-(-!(BD-.BD*>(5-.&+->(%6-.-+*#5-./-(40:Y!b'E

<*(D.c+*?&>D!(B*BDH.(?-(783(=+&?FB-(F.(*6F*(B&.(*#B*#D.D:
?*?(L*_*E(@>/&( D5=#DB*(F.*(L*_*( B*=*BD?*?( /*5=H.(21(=&+(
/*./&1(F.*(/-.?-.BD*(*(*BD?D!(B*+>-(cMBD#5-./-(=&+(#*(*L>&+:
BDH.(?-#(783(=+&B-?-./-(?-(#*(*/5H>c-+*E(@>/-(^-B^&1(_F./&(
B&.(-#(L*_&(B&./-.D?&(-.(B*#BD&1(̂ *B-(OF-(->/-(/D=&(?-(*6F*>1(
>-*.(*6F*>(D.->/*L#->(B&.(/-.?-.BD*(*(>-+(B&++&>D)*>E

<*(>&L+-?&>D!(B*BDH.(?-(783(6-.-+*(F.(*6F*(+-5D.-+*#DG*:
?*(B&.(5*2&+(*#B*#D.D?*?(2(?F+-G*1(*>,(B&5&(F.(B&./-.D?&(
-.(783(5*2&+(OF-(/D-.?-(*(?D>5D.FD+(-.(B&./*B/&(B&.(#*(*/:
5H>c-+*E(@>/&(d#/D5&(^*B-(>FLD+(-#(=J(?-#(*6F*(#&6+M.?&>-1(
?-(->/*(c&+5*1(F.(<AQ(#D6-+*5-./-(=&>D/D)&E(

A-(^*B-(.&/*+1(OF-(?*?&(OF-(#*(?F+-G*(?-#(*6F*(+-5D.-+*#DG*:
?*(.&(>F-#-(*#B*.G*+(#&>(W00(56(7*789;<(.&(-SD>/-(=+MB/DB*:
5-./-(+D->6&(?-(=+-BD=D/*BDH.(?-(7*789(*F.OF-(-#(<AQ(->/N(
-./+-(01!(2(W101(2(*F.OF-(#*(/-5=-+*/F+*(*#B*.B-(#&>(V0e7E

@.(5FB^*>(+-?->(?-(?D>/+DLFBDH.(>-(+-OFD-+-.()*#&+->(?-(<AQ(
-./+-( (]01W(2(]01!(B&.(-#(!(.(?-(=+&/-6-+( #*>( D.>/*#*BD&.->E(
@>/&(>-(B&.>D6F-(*F5-./*.?&(#D6-+*5-./-(-#(=J(?->=FN>(?-#(
=&>/+*/*5D-./&(?-(B*#BD/*(B&.(#*(*?DBDH.(?-(\*%8J'(%3:V(56(
\*8J;<'E(@.(#*>(D.>/*#*BD&.->(B&.(7*%8J'3(>-(B&.>D6F-(=&+(
5-?D&(F.*(#D6-+*(>&L+-?&>D!(B*BDH.(?-(7*%8J'3E(@.(*#6F.*>(
&B*>D&.->(#D5D/*BD&.->(/NB.DB*>(-.(-#(B&./+&#(?-(#*(?&>D!(B*:
BDH.(-S*B/*(?-(7*%8J'3(=F-?-(6-.-+*+(F.(D.B+-5-./&(?-(#*(
/F+LD?-G(=&+(-.BD5*(?-(W(\KPE

4. Cálculo indirecto del LSI y del SAR a partir 
de los datos de CE25 y pH antes y después 
de la remineralización 

<&>( +->F#/*?&>( &L/-.D?&>( *=F./*.( *( OF-( -#( <AQ( ?-#( *6F*(
+-5D.-+*#DG*?*( %<AQ%+''( =F-?-( >-+( B*#BF#*?&( *( =*+/D+( ?-#(
D.B+-5-./&(?-( #*(7@3!(=+&?FBD?&(=&+( #*( +-5D.-+*#DG*BDH.1((
F/D#DG*.?&(-#(B&BD-./-X

7@3!; "#$(I(W1!!(:(W1C!(%>-6d.(#*(7@3!(?-#(=-+5-*?&'(

U&.?-X

"#$(I("#$%+'(:("#$%&'
7@3!(I(7@3!%+'((:(7@3!%&'(

<*(aD6F+*(0E3(=+->-./*( #*( +-#*BDH.(-./+-(-./+-( #*(7@3!(?-#(
=-+5-*?&(2(-#()*#&+(?-#(B&BD-./-( 7@3!; "#$E

pueden 

 siendo (r) reminealizada y (o) sin remineralizar: 



!

"#$%&'()&*$+$,-*,.('/-*&'

012$ 034512$ 63$ 4704897$ 21:$ ;:7$ 9<4:847$=>2$ 3297?03$ @7A7$ 07$
A3=8:3A708B748C:$63$072$7D;72$632707672$E;3$07$6128!$4748C:$
41:$0345767$63$470#$

.7$6128!$4748C:$63$,-F$63?3$5743A23$3:$47;670$63243:63:G
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La velocidad adecuada debe ser de 0,07±0,02 m/s con el 

entonces menor de -0,5.
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1. CARACTERÍSTICAS DE LAS AGUAS DESALADAS
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< 0,7

permitió determinar con
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1.3 Resultados y discusión
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esto es,

permitió determinar con
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1.3.4 Comportamiento del agua desalada en 
contacto con la atmósfera
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1.3.1 Sobre la relación CO2-pH en las aguas 
desaladas
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%?>>32J?48534=3<34=3D$ 37$ ;?4=3458?$ 34$ %ML$ @:3$ A1>N1$
34=>3$ODGC$<9$%MLP.$F$!E$<9$%MLP.#$.?2$81=?2$>3!$3Q14$
71$>371;5I4$34=>3$37$%ML$F$37$JK#$$.1$B59:>1$!#!$J>3234=1$
7?2$>32:7=18?2$?6=3458?2$F$8?483$23$<:32=>1$71$>371;5I4$
;71>1$34=>3$1<6?2$J1>R<3=>?2#$
$

!"#$%&'()(+',-.&/"01'-12%-'-.'/712-1"97'-1'3I*'6'-.'JK'
J&%&' .&8' &#$&8' 9-8&.&9&8)' L-#G1' .78' 9&278' &1&."M&978'
-1' .&A7%&27%"7' 6' /&./$.&978' &' J&%2"%' 9-' %-.&/"01' 9-'
@"..C&18)N

)2=1$>371;5I4$;?>>32J?483$J>R;=5;1<34=3$1$71$SI><:71$J>3T
234=181$J?>$(577<142G$F$J:675;181$34$!U!L$F$8?483$712$;?4T
;34=>1;5?432$83$%ML$F$&7V$32=R$3WJ>321812$34$<9P.#$

1.3.2 Sobre la relación entre la CE25 y la 
presencia de Cl- y Na+

)7$19:1$83217181$>32J?483$1$:41$2?7:;5I4$;?4$17>3838?>$837$
GLX$83$%7Y1#$&2ND$ 71$;?48:;=5A5818$837$19:1$83217181$32$
85>3;=1<34=3$J>?J?>;5?417$17$ 54;>3<34=?$83$%7T$F$Y1Z#$.1$
B59:>1$!#L$<:32=>1$32=1$>371;5I4#

.1$>371;5I4$34=>3$37$%7T$F$37$Y1ZD$32$83$!DLC$<[?7$%7T$J?>$
<[?7$Y1Z#$.1$B59:>1$!#"$57:2=>1$32=1$>371;5I4#

1.3.3 Sobre los contenidos en Ca2+ y Mg2+

.?2$;?4=3458?2$34$%1LZ$F$37$[9LZ$<14=53434$:41$;53>=1$J>?T
J?>;5?4175818$239H4$23$>3!$3Q1$34$71$B59:>1$!#\#$-3$1;:3>8?$
;?4$ 32=?2$ 81=?2D$ F$ 83$ S?><1$ 1J>?W5<181D$ J:383$ 12:<5>23$
@:3$[9LZ$]<9P.^$ $!DG$W$%1LZ$]<9P.^#

+54$3<61>9?D$4?$23$_1$34;?4=>18?D$;?4$7?2$81=?2$852J?45T
6732D$:41$ >371;5I4$;71>1$34=>3$ 71$%)LC$F$ 7?2$;?4=3458?2$34$
%1LZ$F$[9LZ#

$$$$$$$$$$$$$$$$$$$$$$$$$$"`%ML756>3a
$JK)bGT7?9$$
$$$$$$$$$$$$$$$$$$$$$$ODE!`&7;a$$$1=$!Gc%$

oscila entre 6,6 y 5,27.
     el  contenido   en    CO2    varía

  a

la  relacion entre  el pH el contenido en CO2 para las plantas 
estudiadas.

están expresadas en mg/L.
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619$A429@819$?2$D28A21?;$H1$342$2<$4<19$>$E;819$H1$D42?2$
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1F419$82A5<28165S1?19#$TU28$%1DV@46;$W$9;782$619$:181:@28V9Q
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%;A;$D42?2$?2?4:5892$?2$619$K5F4819$!#"N$!#L$H$!#RN$26$?29Q
:2<9;$?26$:;<@2<5?;$2<$%=>$29$A4H$8YD5?;$H$29@Y$8261:5;Q
<1?;$ :;<$ 61$ 71Z1$ 16:165<5?1?$ ?2$ 619$ 1F419$ ?29161?19N$ TI28$
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.1$K5F481$!#[$5649@81$61$2I;64:5B<$?26$.+,Q>OOM[$2<$26$@52AQ
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?29D4]9$ ?2$ I185;9$ ?V19$ ?2$ 29@18$ 26$ 1F41$ 2GD429@1$ 1$ 61$ 1@Q
AB9C281#$)6$ I16;8$ <2F1@5I;$?26$.+,Q>OOM$ 1D4<@1$ 16$ E2:E;$
?2$342$26$1F41$?29161?1$A1<@52<2$61$@2<?2<:51$1$?59;6I28$26$
:187;<1@;$:Y6:5:;$2<$4<$959@2A1$17528@;#

.1$K5F481$!#^N$D;8$94$D18@2N$5649@81$61$8261:5B<$2<@82$26$DJ$H$
26$.+,Q>OOM$4@565S1<?;$6;9$?1@;9$?2$619$K5F4819$!#R$H$!#[#$+2$
;7928I1$4<1$8261:5B<$:6181$2<@82$1A7;9$D18YA2@8;9#$

_Y9$?2@16629$9;782$26$:Y6:46;$?26$V<?5:2$?2$.1<F26528$T.+,Q
>OOMX$H$94$95F<5!$:1?;$D42?2$;7@2<2892$2<$26$%1DV@46;$>$?2$
29@1$/4V1#
$$
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2"3.'42'789'34:;$<:'34'/&'5.=&'
34' =$4:5%&:' ;&%&' /&:' &#$&:' 34'
;4%=4&3.)'
.19$A429@819$ 92$A1<@4I528;<$ 2GQ
D429@19$ 1$ 61$ 1@AB9C281$ H$ 1F5@1?19$
941I2A2<@2$2<$26$617;81@;85;$?29Q
D4]9$?2$82:;F5?19#$

!"#$%&'()>+',-./$0"12'34/'0.2546
2"3.'42'789'34:;$<:'34'/&'5.=&'
34' =$4:5%&:' ;&%&' /&:' &#$&:' 34'
;4%=4&3.)$ _59A;9$ ?1@;9$ 342$ 61$
K5F481$ !#"$ D28;$ :;<$ 61$ 29:161$ ?2$
%=>$ 82?4:5?1#$ .19$ A429@819$ 92$
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C281$ H$ 1F5@1?19$ 941I2A2<@2$ 2<$ 26$
617;81@;85;$?29D4]9$?2$82:;F5?19#

!"#$%&' ()?+' ,-./$0"12' 34/' ;@'
34:;$<:'34'/&'5.=&'34'=$4:5%&:'
;&%&'/&:'&#$&:'34';4%=4&3.)'.19$
A429@819$ 92$A1<@4I528;<$ 2GD429Q
@19$1$ 61$1@AB9C281$H$1F5@1?19$941Q
I2A2<@2$2<$26$617;81@;85;$?29D4]9$
?2$82:;F5?19#
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1.3.5 Sobre los sólidos totales disueltos (STD) 

#$%&'%(')&'%!*!%+,%-.,+,$/'$%&0+%1'&0.,+%2,%3(4%0)/,$520+%
-0.%,&%67/020% /.'25850$'&%2,%2,+,8'859$%'%!:;<=%0%-0.% &'%
+>6'%2,%'$50$,+%?%8'/50$,+*%=060%->,2,%0)+,.1'.+,%&'%25@
A,.,$85'%,$/.,%&0+%1'&0.,+%6,250+%0)/,$520+%-0.%'6)0+%67@
/020+%,+%2,%/'$%+0&0%!%6BCD%?E%-0.%/'$/0E%6,$0+%2,&%!F*%3,%
'->$/'E%+5$%,6)'.B0%G>,%,&%67/020%2,%&'%+>6'%2,%'$50$,+%
?%8'/50$,+%+,%80$+52,.'%6H+%-.,85+0%?'%G>,%,&%67/020%-0.%
2,+,8'859$%'%!:;<=%->,2,%-.02>85.%-,G>,I0+%,..0.,+*J

#$%8>'&G>5,.%8'+0E%,&%1'&0.%2,%&0+%3(4%'A,8/'%6>?%-080%'&%
8H&8>&0%2,&%D3K@LMM;%N17'+,%='-O/>&0%LE%P-'./'20%L*Q*RS%?%
+,&,8850$'.%>$%1'&0.%,$/.,%;EQ"%?%;EQT%$0%-.02>8,%>$'%25A,@
.,$85'%+5B$5!%8'/51'*

1.3.6 Sobre la turbiedad del agua desalada 

D'%/>.)5,2'2%0%/>.)52,U%2,%&'+%'B>'+%2,+'&'2'+%-0.%9+60+5+%
5$1,.+'%,+%)'V'%?%'&.,2,20.%2,%;EL%W(X*%Y'&0.,+%6'?0.,+%2,%
/>.)5,2'2%+>,&,$%+,.% 5$258'/510%2,%-.0)&,6'+%2,%80..0+59$%
,$%&'+%5$+/'&'850$,+%0%2,%6,6).'$'+%2,A,8/>0+'+*

1.3.7 Índice de Larson-Skold 

#&% O$258,% 2,%D'.+0$@3Z0&2!M% 2,&% 'B>'% 2,+'&'2'% '..0V'% >$%
1'&0.%6,250%2,%!R!*%#+/0%,+%5$258'/510%2,%>$%'B>'%80$%>$'%

/,$2,$85'%,[/.,6'%'%-.02>85.%80..0+59$%-0.%-58'2>.'%2,%&'+%
80$2>8850$,+%2,%\5,..0%0%'8,.0%2,+-.0/,B520*%#$%,&%='-O/>@
&0%L%2,%,+/'%]>O'%+,%5$8&>?,%6H+%5$A0.6'859$%+0).,%,&%O$258,%
2,%D'.+0$@3Z0&2%?%+>%5$/,.-.,/'859$*%

1.3.8 SAR

#&%1'&0.%6,250%2,&%3P^!Q%0% O$258,%2,%')+0.859$%2,% +0250%
2,&%'B>'%0+60/5U'2'%,+/H%'&.,2,20.%2,%J*%#+/0%'->$/'%'%>$%
'B>'%G>,%->,2,%8'>+'.%2'I0+%$0%+9&0%'&%+>,&0%+5$0%/'6)57$%
'% '&B>$0+% 8>&/510+%-0.% ,[8,+0%2,% +0250% .,+-,8/0% '&% 8'&850%
?%'&%6'B$,+50*% %_0.% /'$/0E%80$15,$,%80..,B5.%,+/,%'+-,8/0E%
)5,$% 80$% >$'% .,65$,.'&5U'859$% 0% 80$% &'% '25859$% 2,% 8'&850%
?%6'B$,+50% 25.,8/'6,$/,% 80$% &0+% A,./5&5U'$/,+*%`H+% 5$A0.@
6'859$%+0).,%,&%3P^%->,2,%0)/,$,.+,%,$%,&%='-O/>&0%L%2,%
,+/'%]>O'*%

1.3.9 pH en equilibrio con la calcita 

_0.%a&/560E%,$%&'%(')&'%!*!%+,%-.,+,$/'%,&%-b%2,%,G>5&5).50%
80$% &'%8'&85/'*% %3,Ba$%,+/0+%2'/0+%?% /'&%8060%+,%1,.H%6H+%
'2,&'$/,%'%&0%&'.B0%2,%,+/'%]>O'E%$5$B>$'%2,%&'+%'B>'+%2,+'@
&'2'+%2,%&'%(')&'%!*!%80$/5,$,$%+>!%85,$/,%=cL%'%&'%+'&52'%2,&%
)'+/520.%-'.'%806-&,/'.%>$%-.08,+0%2,%.,65$,.'&5U'859$%2,%
A0.6'%'2,8>'2'*%#$%8>'&G>5,.%8'+0E%,&%80$/,$520%,$%=cL%2,&%
'B>'%0+60/5U'2'%2,-,$2,%2,&%-.,/.'/'65,$/0%2,%&'%9+60+5+%
5$1,.+'*!EL

!"#$%&'()*+',-./$0"12'34/'56789::;'
34<=$><' 34' /&' ?.@&' 34'@$4<?%&<'
=&%&'/&<'&#$&<'34'=4%@4&3.)'%D'+%
6>,+/.'+%+,%6'$/>15,.0$%,[->,+/'+%'%
&'%'/69+A,.'%?%'B5/'2'+%+>'1,6,$/,%
,$% ,&% &')0.'/0.50% 2,+->7+% 2,%
.,80B52'+*

%

!"#$%&'()A+'B4/&0"12'42?%4'4/'=C'
D'4/'56789::;'=&%&'/&<'&#$&<'34'
=4%@4&3.)' =06)5$'859$% 2,% &0+%
2'/0+%2,%&'%d5B*%!*"%?%d5B*%!*:*%

!*%=P^P=(#^e3(K=P3%4#%DP3%P]XP3%4#3PDP4P3
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TABLA 2.4: EXPRESIONES EQUIVALENTES A 10 mg/L 
DE CaCO3 DE DUREZA

En la Tabla 2.5  se resumen los criterios =
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2.5.1 Método simplifi cado para el cálculo del 
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2.5.5 Sobre el valor de los STD
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2.6 Sobre el pHsat y el pHeq
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2.7 Efecto de la temperatura en el LSI
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2.8 El LSI en la legislación española
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2.5.3 El factor para el cálculo de la fuerza 
iónica (I)
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2.5.4 Comparación entre el cálculo del LSI 
por el método simplifi cado y el SM2330
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 para el LSI. 

en 0,01 unidades.
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2.13. SAR
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2.14 Referencias
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 las aguas desaladas y remineralizadas.

  o índice de absorción de sodio del agua16   
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L;?E>%L=>^F%.FF=]$9%NNX%"NN!%g"MW!h$
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3.1 Introducción

"#$ #%&'#%(#$ )*+$ +#,'%#+-.'/-0'1%$ #.$ 0*%23%&*$ (#$ &40%'0-5$
63#$.*7+-%$-3,#%&-+$.-$(3+#/-$8$.-$-.0-.'%'(-($(#.$-73-$9-5:
&-$ ;-.*+#5$63#$)+*03+-%$3%$ <%('0#$(#$ 5-&3+-0'1%=$ &-,>'4%$
..-,-(*$(#$?-%7#.'#+$ @?"AB=$ '73-.$*$)+1C',*$-$0#+*$8$#%$
#63'.'>+'*$0*%$.-$-&,15D#+-E$

?-$0*%0#%&+-0'1%$(#$FGH$(#$3%$-73-$#%$#63'.'>+'*$0*%$#.$
FGH$(#$.-$-&,15D#+-$(#!$%#$(#$D*+,-$%-&3+-.$#.$)I$8$.-$0*,:
>'%-0'1%$(#$0-+>*%-&*5$8$>'0-+>*%-&*5$63#$0*++#5)*%(#$0*%$
('09*$)IEJ

K%$.*5$5'5&#,-5$->'#+&*5=$03-%(*$#.$0*%&#%'(*$#%$FGH$(#.$
-73-$#5$ 53)#+'*+$-.$63#$(#>'#+-$#5&-+$#%$#63'.'>+'*$0*%$#.$
-'+#=$#.$FGH$5#$#50-)-$-$.-$-&,15D#+-$8$#.$)I$-3,#%&-E$L*+$#.$
0*%&+-+'*=$5'$#.$0*%&#%'(*$#%$FGH$#5$'%D#+'*+$-.$63#$(#>'#+-$
#5&-+$#%$#63'.'>+'*$0*%$.-$-&,15D#+-$#.$-73-$->5*+>#+M$FGH$
(#$.-$-&,15D#+-$8$#.$)I$('5,'%3'+ME

K.$*>2#&';*$(#$.-$+#,'%#+-.'/-0'1%$#5=$)*+$3%$.-(*=$-.0-%/-+$
#.$)3%&*$(#$#63'.'>+'*$0-.0*0-+>1%'0*E$K5&*$#5=$(*%(#$#.$)I=$
#.$0-.0'*$('53#.&*$8$-.0-.'%'(-($%*$;-+<-%$*$;-+<-%$,38$)*0*$
#%$0*%&-0&*$0*%$.-$-&,15D#+-E$N$)*+$*&+*$.-(*=$9-0#+.*$(#$.-$
D*+,-$,M5$)+#0'5-$)*5'>.#$0*%$#.$!$%$(#$,'%','/-+$#.$0*%53:
,*$(#$#%#+7<-$8$)+*(30&*5$63<,'0*5=$#%$#5)#0'-.$(#.$FGHE$
@O#+$F-)<&3.*$P$(#$#5&-$Q3<-$)-+-$3%-$+#0*)'.-0'1%$(#$.-5$
&40%'0-5$(#$+#,'%#+-.'/-0'1%$,M5$',)*+&-%&#5BE

K.$)+*0#5*$(#$#63'.'>+'*$(#.$FGH$0*%$.-$-&,15D#+-$(#)#%(#$
(#$.-$&#,)#+-&3+-$8$.-$)+#5'1%$)-+0'-.$(#$FGHEJ$"'%$#,>-+:
7*=$ #%$ .-5$ 0*%('0'*%#5$(#$ &+->-2*$(#$ .-5$ (#5-.-(*+-5$ 5*.*$
.-$ &#,)#+-&3+-$ (#.$ -73-$ )3#(#$ ..#7-+$ -$ ;-+'-+$ (#$ D*+,-$
5'7%'!$0-&';-E$K5&-5$('D#+#%0'-5$ 5*%$ 51.*$#5&-0'*%-.#5$8$%*$
*03++#%$#%$)#+<*(*5$0*+&*5$8$(3+-%&#$#.$D3%0'*%-,'#%&*$(#$
+#,'%#+-.'/-0'1%E

K%$ #5&#$ 0-)<&3.*$ 5#$ &+-&-=$ #%$ )+',#+$ .37-+=$ (#$ -%-.'/-+$ #.$
0*,)*+&-,'#%&*$ (#$ ('5&'%&-5$ -73-5$ +#,'%#+-.'/-(-5$ )-+-$
0*,)+*>-+$ 03-.$ #5$ .-$ 0*%0#%&+-0'1%$(#$FGH$#%$#63'.'>+'*$
0*%$.-$-&,15D#+-$8$#%$.-5$0*%('0'*%#5$(#$.-$0*5&-$,#('&#:
++M%#-E

R$ 0*%&'%3-0'1%$ 5#$ -%-.'/-=$ )*+$,#('*$ (#$ 3%$,*(#.*$,-:
&#,M&'0*=$ .-$ #;*.30'1%$(#.$)I5-&=$ )I#6$8$#.$)I$(#.$ -73-$
@;#+$F-)<&3.*$H$(#$#5&-$Q3<-$)-+-$.-5$(#!$%'0'*%#5$(#$)I5-&=$
)I#6B$-$('D#+#%&#5$%';#.#5$(#$+#,'%#+-.'/-0'1%E$K.$*>2#&';*$
#5$ '(#%&'!$0-+$ 03-.$ #5$ #.$ %';#.$1)&',*$(#$ +#,'%#+-.'/-0'1%$
63#$)+*(30#$3%$?"A$,38$)+1C',*$-$0#+*$8$0*%$3%$0*%&#%':
(*$#%$FGH$#%$#63'.'>+'*$0*%$#.$(#$.-$-&,15D#+-E$"#$#;-.S-$
&-,>'4%=$-$)-+&'+$(#$.*5$(-&*5$*>&#%'(*5=$.-$+#.-0'1%$#%&+#$#.$
0*%&#%'(*$#%$FGH$8$#.$)I$(#.$-73-E$

L*+$S.&',*=$5#$)+#5#%&-%$(-&*5$5*>+#$.-$#;*.30'1%$(#.$)I=$
.*5$ >'0-+>*%-&*5$ 8$ #.$?"A$ (#$ .-5$ -73-5$ +#,'%#+-.'/-(-5$ 8$
#%$ 0*%&-0&*$ 0*%$ .-$ -&,15D#+-=$ 0*%$ #.$!$%$ (#$ 0*++*>*+-+$ #.$
-%M.'5'5$&#1+'0*$(#$.-$)+',#+-$)-+&#$(#.$0-)<&3.*$8$-83(-+$-$
(#!$%'+$.*5$%';#.#5$1)&',*5$(#$+#,'%#+-.'/-0'1%E$

3.2 Materiales y métodos

L-+-$-%-.'/-+$#.$0*,)*+&-,'#%&*$(#$.-5$-73-5$+#,'%#+-.'/-:
(-5$#%$#63'.'>+'*$0*%$.-$-&,15D#+-$5#$&*,-+*%$,3#5&+-5$#%$
('5&'%&-5$(#5-.-(*+-5$(#5)345$(#.$&+-&-,'#%&*$(#$+#,'%#+-:
.'/-0'1%$8$5#$+#-.'/-+*%$-%M.'5'5$!"#$!%&$(#$)I=$FK=$T#,)#:
+-&3+-=$IFG!

:$8$FG!
UE

R$0*%&'%3-0'1%$5#$..#;-+*%$.-5$,3#5&+-5$-.$.->*+-&*+'*$(*%:
(#$5#$+#)'&'#+*%$.*5$-%M.'5'5$8$5#$0*,).#&-+*%$0*%$#.$+#5&*$
(#$ .*5$)-+M,#&+*5E$L*5&#+'*+,#%&#=$ 5#$)+*0#('1$ -$(#2-+$ .-$
,3#5&+-$#C)3#5&-$-$ .-$-&,15D#+-$8$-7'&-(-$53-;#,#%&#$(#$
D*+,-$ ,#0M%'0-=$ &*,M%(*5#$ ,3#5&+-5$ )-+-$ -%M.'5'5$ 0-(-$
0'#+&*$&'#,)*$9-5&-$3%*5$JP$(<-5E

3.3 Resultados y discusión

3.3.1 Equilibrio con el CO2 de la atmósfera 

?*5$(-&*5$(#$.-5$V'73+-5$!EJ$8$!EH$(#,3#5&+-%$63#$#.$-73-$
+#,'%#+-.'/-(-$ &'#%(#$ -$ #63'.'>+-+5#$ 0*%$ 3%$ 0*%&#%'(*$ #%$
FGH$-.+#(#(*+$(#$W=XYW=J$,7$FGHZ?E$"#$9-0#$%*&-+$63#$.-$
0*%0#%&+-0'1%$(#$FGH$#%$.-$-&,15D#+-$#63';-.#$-)+*C',-:
(-,#%&#$-$W=[\$,7$FGHZ?

!"#$%&'()*+',-./$0"12'34/'567'34/'&#$&'%48"24%&/"9&3&'
34'-&%"&:'34:&/&3.%&:'0.2'"2;%&3.:"!'0&0"12'34'567)
$
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!"#$%&'()(*'+,-.$/"01'23'2"45"15-4'67'8'23.'9:;'23.'&#$&'
234&.&2&'/-1'.&'&2"/"01'23'<&=>7?)''

(5$ 67895:;$ <98=>$ 67$9?@<@AB$95$=89=$ >7C@57>=<@A=:=$ D;5$
!EE$C8$-0*F)G$HH$C8$4=HIF)G$JE$C8$4=4/!F)$:7$=<D=K
<@5@:=:G$ HEL4$ M$ =$ NO$P$ M$ 67$ Q97$ =9C75?=5:;$ 7<$ NO$ D;5$
%=R/OS$ D;5$ 7<$ !$5$ :7$ T7>$ @89=<C75?7$ <=$ 7T;<9D@B5$ :7<$
NO6=?G$NO7U$M$7<$)*&#$

(5$ <=$ V@89>=$ !#W$ 67$ ;X67>T=G$ 75$ 76?7$ D=6;G$ U97$ 7<$ NO6=?G$
NO7U$M$NO$:7<$=89=$67$D>9A=5$75$95$T=<;>$N>BY@C;$=$ZGH$
:;5:7$7<$)*&$76$D7>;$M$U97$=$76?7$NO$7<$D;5?75@:;$75$4/H$
76?[$ =<>7:7:;>$ :7$ EGP$ C8$ 4/HF)#$ )978;G$ \6?=$ 67>]=5$ <=6$
D;5:@D@;576$:;5:7$75$?7;>]=$76?=$=89=$N7>C=57D7>[$76?=X<7$
D;5$<=$=?CB6Q7>=G$D;567>T=5:;$=:7C[6$7<$)*&$@89=<$;$C9M$
N>BY@C;$=$D7>;#$
$

!"#$%&' ()@*'+,-.$/"01'23' .-4' 2"45"15-4' 67'8' 23.'9:;'
/-1'.&'&2"/"01'23'<&=>7?'&'$1'&#$&'/-1'AB'C#D9'E&AFG'
HB'C#D9'E&E>(G'ABIEG'"1"/"&.C3153'&'67'J)'

(5$<=$6@89@75?7$6@C9<=D@B5$67$^=5$:;6@!$D=:;$:@6?@5?=6$D=5?@K
:=:76$:7$4/H$=$95$=89=$:76=<=:=$M$:7_[5:;<=$75$7U9@<@X>@;$
D;5$D=<D@?=$^=6?=$U97$=<D=5A=67$7<$NO6=?$M$N;>$?=5?;$)*&$:7$
D7>;#$$(5$<=$V@89>=$!#"$67$C976?>=$U97$<=$7T;<9D@B5$:7<$NOG$
4=HI$M$4/H$75$=89=6$D;5$:@6?@5?;$8>=:;$:7$>7C@57>=<@A=D@B5$
M$75$7U9@<@X>@;$D;5$<=$D=<D@?=#

!"#$%&'()A*'+,-.$/"01'23.'E>A'23.'&#$&'%3C"13%&."K&2&'23'
,&%"&4'234&.&2-%&4'/-1'."#3%&'4-L%32-4"!'/&/"01'23'E>A)'

(5$ <=$ V@89>=$ !#`$ 67$C976?>=5$ 95=$ 67>@7$ :7$ N<=5?=6$ :;5:7$
7<$4/H$:7$6=<@:=$76$ @5Q7>@;>$=$EGP$C8$4/HF)G$ <;$U97$:=$=$
75?75:7>$U97$5;$67$̂ =$:;6@!$D=:;$69!$D@75?7$4/H$M$67$̂ =$D;5K
69C@:;$ ?;:;$ :9>=5?7$ 7<$ N>;D76;$ :7$ >7C@57>=<@A=D@B5#$ ,;>$
?=5?;G$7<$=89=$?@75:7$=$=X6;>X7>$4/H$:7$<=$=?CB6Q7>=$^=6?=$
7U9@<@X>=>67$D;5$7<<=#$

(5$<=$V@89>=$!#H$7<$Q75BC75;$76$=<$>7T\6#$1U9]G$7<$D;5?75@:;$
75$4/H$=$<=$6=<@:=$:7$<=$>7C@57>=<@A=D@B5$76$69N7>@;>$=<$:7$
<=$=?CB6Q7>=#$,;>$?=5?;G$67$N>;:9D7$95=$N\>:@:=$:7$4/H$:7<$
=89=$^=6?=$U97$<<78=$=$7U9@<@X>=>67#$

4;CN=>=5:;$<;6$:=?;6$:7$<=6$V@89>=6$!#`$M$!#H$D;5$<;6$:7$
<=6$V@89>=6$`#"$M$`#J$:7<$4=N]?9<;$`$67$;X67>T=$U97$7<$NO$
:7$ 7U9@<@X>@;$ :7<$ =89=$:76=<=:=$ 76?[$ =<>7:7:;>$ :7$EG!$C8$
4/HF)$75$<98=>$:7$EGP$C8$4/HF)$D;C;$;D9>>7$D;5$7<$=89=$
>7C@57>=<@A=:=#$

3.3.2 Simulación matemática de la 
remineralización

,=>=$=5=<@A=>$C7_;>$76?7$Q75BC75;$:7$@5?7>=DD@B5$:7<$=89=$
:76=<=:=$ M$ >7C@57>=<@A=:=$ 75$ 7U9@<@X>@;$ D;5$ <=$ =?CB6Q7>=$
67$^=5$^7D^;$:;6$6@C9<=D@;576$C=?7C[?@D=6$:7<$N>;D76;$:7$
>7C@57>=<@A=D@B5#W$

(5$N>@C7>$<98=>$67$9?@<@AB$95$=89=$:76=<=:=$RHEE$C8$-0*F)a$
NO$b$JGHa$EG"$C8$4=HIF)a$$WG"$C8$4=4/!a$HEL4S$M$67$=9C75K
?B$7<$NO$D;5$%=R/OS$D;5$7<$!$5$:7$:7C;6?>=>$U97$<=$Q=<?=$:7$
D=<D@;$76$95$Q=D?;>$@56=<T=X<7$U97$5;$N7>C@?7$<<78=>$=$D;567K
89@>$95$)*&$:7$D7>;$N;>$C9D^;$U97$67$=9C75?7$7<$NO#

);6$ >769<?=:;6$ =N=>7D75$ 75$ <=$ V@89>=$ !#!#$ 4;C;$ N97:7$
D;CN>;X=>67G$ =$ 95=$ D;5D75?>=D@B5$ :7$ 4/H$ :7$ EGP$ C8F)G$
:;5:7$7<$=89=$76?=>]=$75$7U9@<@X>@;$D;5$<=$=?CB6Q7>=G$7<$NO$
:7<$=89=$=<D=5A=$7<$T=<;>$=<>7:7:;>$:7$P$M$7<$)*&$N7>C=57D7$
578=?@T;$=<>7:7:;>$:7$KW$=$K!#$$*7$;X67>T=$?=CX@\5$U97$7<$
NO6=?$M$7<$NO7U$5;$<<78=5$=$D>9A=>67$=95U97$7<$NO$=<D=5D7$
7<$T=<;>$:7$c#$(<$D>9D7$67$N>;:9D7$=$NO$d`H#

 NIVELES ADECUADOS DE REMINERALIZACIÓN   

4,5 mg CaCO3/L;20ºC) y se aumen-

condiciones donde, en teoría, esta agua permanecerá estable

, esto es, el LSI = 0.
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3.3.4 Evolución del pH y del LSI de las aguas 
remineralizadas según datos de campo

(5$678$9:;<=78$!#"$7$!#>?$8@$A=@8@5B7$67$@CD6<E:F5$G@6$AH$
I$ G@6$ )*&$ A7=7$ 678$ 7;<78$ =@J:5@=76:K7G78$ A=DE@G@5B@8$ G@$
G:8B:5B78$G@8767GD=78$7;=<A7G78$ED5$@6$J:8JD$E=:B@=:D$L<@$
678$9:;<=78$!#>$I$!#?#$

)D8$G7BD8$G@$ 67$9:;<=7$!#"$J<@8B=75$L<@$@6$AH$G@8E:@5G@$
M78B7$@L<:6:N=7=8@$7$J@G:G7$L<@$@6$7;<7$8@$@L<:6:N=7$ED5$@6$
4/?$G@$67$7BJF8O@=7#$(6$G@8E@58D$G@$AH$@8$JP8$7E@5B<7GD$
E<75BD$J@5D=$ @8$ 67$ =@J:5@=76:K7E:F5Q$ :#@#$J@5D=$GD8:!$E7R
E:F5$G@$4/?#$S,675B7$!1T#

)78$9:;<=78$!#U$I$!#>V$EDJA6@J@5B75$6D8$G7BD8$G@$67$9:;<=7$
!#"$A7=7$6D8$N:E7=ND57BD8$I$@6$)*&$=@8A@EB:C7J@5B@#$

)D8$G7BD8$G@$67$9:;<=7$!#W$J<@8B=75Q$AD=$@6$ED5B=7=:DQ$L<@$@6$
AH$78E:@5G@$E<75GD$67$=@J:5@=76:K7E:F5$@8$@XE@8:C7$Q$G7GD$
L<@$@6$7;<7$A:@=G@$4/?#$4<75BD$J7ID=$67$8DN=@GD8:!$E7E:F5$
G@$4/?$J7ID=$@6$78E@58D$G@6$AH$G@8A<Y8$G@$67$=@J:5@=7R
6:K7E:F5#

)78$9:;<=78$!#>>$I$!#>?$EDJA6@J@5B75$6D8$G7BD8$G@$67$9:;<R
=7$!#W$A7=7$6D8$N:E7=ND57BD8$I$@6$)*&$=@8A@EB:C7J@5B@#$

)D8$G7BD8$G@$67$9:;<=7$!#>>$ED5!$=J7$B7JN:Y5$L<@$6D8$C7R
6D=@8$G@$@L<:6:N=:D$G@6$7;<7$=@J:5@=76:K7G7$@8BP5$76=@G@GD=$
"!Z[$J;$H4/!

R\)$S]V$Z$!$J;$474/!\)T$I$@6$AH$76=@G@GD=$
G@$WQ?#$(8BD8$G7BD8$ED:5E:G@5$ED5$6D8$G7BD8$DNB@5:GD8$AD=$
8:J<67E:F5#

!"#$%&'()*+',-./$0"12'34/'56'34/'&#$&'%47"24%&/"8&3&'
34'-&%"&9'349&/&3.%&9'0.2'"2:%&3.9"!'0&0"12'34';<=)'

$

*@$DN8@=C7$L<@$@5$8:B<7E:F5$G@$@L<:6:N=:D$S)*&$:;<76$7$E@=DTQ$
@6$C76D=$G@$VQ"$J;$4/?\)$S"$J;\)$@5$67$@8E767$G@$67$9:;<=7$
!#^T$8@$ED==@8AD5G@$ED5$<57$76E76:5:G7G$G@$][$J;$474/!\)Q$
<5$AH$G@$WQ?[$I$?[Q"$J;$47?_\)#$'76D=@8$L<@$ED5E<@=G75Q$
EDJD$@=7$G@$@8A@=7=Q$ED5$6D8$G@$67$9:;<=7$!#[#$

$
!"#$%&'()>+'?"7$/&0"12'34'/&'0.75.9"0"12'34'/&9'&#$&9'
0.2'3"9@"2@.9'#%&3.'34'%47"24%&/"8&0"12'A'0.2'B?C'D'E)'

3.3.3 Obtención del pH en equilibrio con el 
CO2 

(5$67$9:;<=7$!#]$8@$:6<8B=7$67$=@67E:F5$@5B=@$@6$AH$G@6$7;<7$I$
@6$ED5B@5:GD$@5$4/?$A7=7$678$7;<78$=@J:5@=76:K7G78Q$7$A7=B:=$
G@$6D8$G7BD8$$=@ED;:GD8#$$16$:;<76$L<@$@5$@6$E78D$G@$678$7;<78$
G@8767G78$8@$ED5!$=J7$<57$N<@57$=@67E:F5$ED5$67$OF=J<67$G@$
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3.3.5 Relación entre de la alcalinidad y la 
dosifi cación de CO2
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3.4 Conclusiones
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3.3.6 Efecto de la temperatura en la 
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4.1 Introducción
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4. CÁLCULO INDIRECTO DEL LSI Y DEL SAR DEL AGUA 
REMINERALIZADA A PARTIR DE LOS DATOS DE CE25 Y PH ANTES Y 
DESPUÉS DE LA REMINERALIZACIÓN

A5N

Se  deduce  a partir  de 

 el

 se presentan los resultados 
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4.3.1 Cálculo indirecto del LSI a partir del 
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4.3.3 Consideraciones de muestreo y análisis
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 ≈ 1,6 (o bien la fórmula [3] de la Fig. 4.2)
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5.2.1 Velocidad ascensional
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5.2 Remineralización con CaCO3 + CO2
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se recomienda la siguiente secuencia:

18 

 10 min a 32 m/h
 3

porcentaje

calidad  de  la  calcita
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5.2.2 Tiempo de contacto ó EBCT
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5.2.4.Pérdida de carga del lecho y fl uidización
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5.2.3 Efecto de la temperatura

/A$6CK?A@B$76B@B$7@ADE:A:$6_?B;6>$:C$;E:<=@$9:$7@A;67;@$6$

7@A9E7E@A:B$9:$;:<=:>6;?>6$<[B$:\;>:<6B#

!"#$%&'()R+',-.&/"01'-12%-'9S'7'.&'2-89-%&2$%&'=-.'&#$&'
9&%&'$1'.-/<:'=-'/&./"2&'/:1'$1'2"-89:'=-'/:12&/2:'=-'
CMTH'8"1$2:;'7'F-.:/"=&='&;/-1;":1&.'=-'CMTR'8U<)

Los datos muestran que para un EBCT de 12,3 
minutos, el pH, y por consiguiente la remineralización alcan-
zada, desciende linearmente con la temperatura. 

la velocidad ascensional y la perdida decarga 
para  un  lecho  de  calcita  de  1 - 3 mm de diámetro de par- 
tículas.
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5.2.6 Dosifi cación fi nal de Na(OH) para 
conseguir un LSI positivo
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5.2.7 Confi guración de los lechos de calcita 
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5.2.5. La calidad de la calcita
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   > 97%

   < 1%

   < 1%

   < 0,3%

   < 0,1%

   < 1%

  2,7

  1,5

   < 3%

   < 1%

   < 0,5%

(10-16 m/h)

 partículas de 2-4 mm.

 necesario

  2 ± 0,5
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5.2.8 Dosifi cación de CO2
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5.3 Remineralización con Ca(OH)2 + CO2

0;%:CA9=7%D7%DB97H:%K%:;?:;@8@D:D%>7%97:;@H:%78%7;%:GB:%D7>:I
;:D:%>7GR8%;:%97:??@J8b%

%%%%%%%%%%%%%%%%%%%%%%%%%%%cFE
%%%%

(:SEcTF%d%F(EF% %(:Fd%d%FSc(E"
IT%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%eFf

(A<A%>7%<B7>=9:%78%;:%U@GB9:%#$Q!%;:%97>CB7>=:%D7;%:GB:%D7>:I
;:D:%:%;:%DA>@!%?:?@J8%D7%(:SEcTF%7>%C9_?=@?:<78=7%@8<7D@:=:$

,@8%7<N:9GAM%?A8%B8%:B<78=A%78%7;%?A8=78@DA%78%(EF%D7;%
:GB:%;:%?B9P:%P:%C79D@78DA%C78D@78=7M%C79<@=@78DA%B8:%DAI
>@!%?:?@J8%<_>%C97?@>:$%&`8G:>7%78%?B78=:%VB7%;:%C97?@>@J8%
VB7% >7% ?A8>@GB7% ?A8% 7>=7% >@>=7<:% 7>% D7;% A9D78%D7%\F%<G%
(:(E"X/$%08%?B:;VB@79%?:>AM%>7%=9:=:%D7%B8%C9A?7>A%D@YL?@;%
D7%?A8=9A;:9$

/:%U@GB9:%#$Q[%@;B>=9:%;A>%?A<CA878=7>%D7%B8:%@8>=:;:?@J8%
=LC@?:%D7%DA>@!%?:?@J8%D7%;7?^:D:%D7%?:;%K%(EF$%(A<A%CB7D7%
P79>7% 7;%(EF% >7% @8K7?=:% D@97?=:<78=7% :8=7>% D7% ;:% ;7?^:D:%
D7%?:;%K%78%7;%C9AC@A%D7CJ>@=A%D7%:GB:%C9ADB?=A$%0;%=@7<CA%
D7%?A8=:?=A%78%7;%D7CJ>@=A%7>%>B!%?@78=7%C:9:%G:9:8=@H:9%B8:%
97:??@J8%?A<C;7=:$

!"#$%&' ()*+,' -.&/0&' 12/13' 43' ".$40%&' .&' %352#"1&' 13'
&#$&4' %36"/3%&."7&1&4' 8' 3.' 5"%5$"02' 13' %3"/8355"9/' 13'
&#$&4'0$%:"&4)

!"#$%&' ()*;,' <355"9/' 0%&/4=3%4&.' 13' .&4' 53.1&4' 13'
5&.5"0&'13'!'$>2'&453/13/03'8'&.0$%&'52/40&/03'12/13'43'
".$40%&'.&'&."63/0&5"9/'8'.&'%352#"1&'13'&#$&4'0$%:"&4'8'
%36"/3%&."7&1&4

!"#$%&' ()*(,'?"40&' 13' .&' 72/&'13' 5&%#&'13' .24' 4".24' 13'
5&.5"0&' 13' $/&' @.&/0&' 13' 5&.5"0&' 13'!'$>2' &453/13/03' 8'
&.0$%&'52/40&/03)

Figura 5.13: Planta de lechos de calcita donde se ilustra 
de forma esquemática la recuperación de aguas turbias 
de los contralavados.  

. El CO2 se inyecta en algunos casos antes de la lecha- 
da de cal y en el propio depósito  de agua tratada. El  tiempo 
de  contacto  en el depósito  suele ser suficiente para garanti-
zar  una reacción completa  aunque,  a veces,  surgen proble-
mas de turbiedad.
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5.3.1 Calidad del Ca(OH)2 
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Figura 5.17: Esquema de una instalación de preparación 
de lechada de cal. 
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0BEZAGEJ>%4CPGCSAIZ<%U7"7

]$% 405.018)&<%Y+&0.% &.0+&10)&% 1+)6+/<%
eWW"<$%0B$%4CPGCSAIZ%

d$% &'()*(+%40%+56+,<%0BEZAGEJ>%+>?EOI<%,$+$%+IBGqH%
+pIJG%(JGGJH?A<%eWWW

#$% X$% /64Y*5<% -AHZKZGCJZSCIZ% JIB% -AZJFE>EHJZEAI% m%+%
R@J>EZN%4CZCGSEIEIP%TJ?ZAG%EI%ZbC%5CICGJZEAI%A[%4GEIK
\EIP%YJZCG%FN%1CIH%,CJ%YJZCG%4CHJ>EIJZEAI<%/C?Z@GC%
JZ%ZbC%*4+%(AIPGCHH%AI%4CHJ>EIJZEAI%JIB%YJZCG%.C@HC<%
8?Z@FGC%U77"

!$% _8.*,% /*0_0.1+)%+)4% *5+/% /*0_0.1+)$+%
-AHZK&GCJZSCIZ% ?ASg@ZCG% gGAPGJS<% 4CHJ>EIJZEAI% JIB%
YJZCG%.C@HC%:A@GIJ>%;A>$7je$

"$% :$+$% .604+<% :$% 28..*//+<% T$% _0.)+8/+<% :$+$%
X0.;n,%(J>EBJB%BC%+P@J%BCHJ>JBJ%BCBE?JBJ%J>%?AIK
H@SA%b@SJIA<%(AIPGCHA%+04N.%BC%1@G?EJ<%)AkECSK
FGC%eWWW

V$% &X'8.*0% 40,% 0+6v% )+&6.0//0,$% 0BEZAGEJ>%
0NGA>>CH<%/$%/CPGJIB<%5$%-AEGECG<%U7"eKU7"!

en tubería con flujo descendente.La velocidad del agua en la

 a la salida del difusor.  El tiempo  de contacto 
entre el punto de inyección  de  la solución sobresaturada de 
CO2 y la entrada a los lechos de calcita se puede reducir has-
ta unos 5 segundos, siempre que se respeten las condiciones 
de diseño  apuntadas.  En cualquier caso, no  se  recomienda 
nunca la dosificación  del CO2 directamente  en tubería hori-
zontal.
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6.1 Introducción

#$%$&'()$%*$+,('-,'./'-,0$,1('%*'-,0$,2-)2-3-,3%4$&-',*3$%$%,
/%,52%*$%302,)/6,7'82,$%,735'&72%'*2-,9:;<,).,=>?<

;@A,B2&,
$((2+,1$C/$D2-,5')732-,$%,$(,52%*$%302,$%,>?E,F'5$%,4'&3'&,
$(, 1=,0$, G2&)', -/-*'%53'(A,H-I, 12&, $8$)1(2+, /%, 1$&)$'02,
%2&)'(,',:JK>,52%,/%,1=,0$,L+M,6,/%','(5'(3%30'0,0$,N+"J,
).,=>?<

;,52%*3$%$,'(&$0$02&,0$,<+!,).,>?EOPA,Q(,)3-)2,
1$&)$'02,'3&$'02,13$&0$,>?E,F'-*',:+:,).OP+,52%,(2,C/$,$(,
1=,1'-',',-$&,0$,!+<A,,

Q(,>?E,'5*R',52)2,/%,S5302A,>/'%02,$(,'./','7-2&7$,>?E,
$(,1=,03-)3%/6$+,6,5/'%02,13$&0$,>?E,$(,1=,'/)$%*'A,Q(,
52%*$%302,$%,>?E,0$(,'3&$,$%,52%03532%$-,%2&)'($-,0$,1&$;
-3T%,6,*$)1$&'*/&',$-,0$(,2&0$%,0$,N+LM,).,>?EOPA,

P',1U&030',2,'7-2&53T%,0$,>?E,1/$0$%,25/&&3&,*'%*2,$%,(',
*2)',0$,)/$-*&',52)2,0/&'%*$,-/,52%-$&4'53T%,12&,(',$V3-;
*$%53',0$,/%',5S)'&',0$,'3&$+,2,$%,$(,1&25$03)3$%*2,0$,'%S;
(3-3-,5/'%02,U-*$,52%(($4','(.R%,*312,0$,'.3*'53T%A,

Q%,('-,'./'-,&$)3%$&'(3W'0'-,(2-,4'(2&$-,0$,=>?<
;,-/$($%,

$-*'&,'(&$0$02&,!N;JN,).OPA,Q-*2,F'5$,C/$,$(,'./',$-*U,)$;
82&,*')12%'0',12&,(2,C/$,$-,)$%2-,1&25(34$,',-/G&3&,.&'%0$-,
5')732-,0/&'%*$,$(,)/$-*&$2A,X3%,$)7'&.2+,1'&',(2-,5'-2-,
$%,C/$,$(, './', *3$%$,/%,$V5$-2,0$,>?E,0$-1/U-,0$, (', &$;
)3%$&'(3W'53T%+,1/$0$,F'7$&,/%',1U&030',0$(,)3-)2,-3, -$,
/*3(3W',/%,1&25$03)3$%*2,'%'(I*352,C/$,52%(($4$,'.3*'53T%A,
Q%,$-*2-,5'-2-+,$(,1=,)$0302,-$&S+,1&27'7($)$%*$+,)'62&,
C/$,$(,&$'(A,

>2%,$(,!%,0$,)3%3)3W'&,(',1U&030',2,'7-2&53T%,0$,>?E+,6,
0$,/%3G2&)'&, (2,)S-,12-37($, (2-, &$-/(*'02-,$%*&$,034$&-2-,
('72&'*2&32-+,-$,&$52)3$%0',$(,-3./3$%*$,1&25$03)3$%*2,1'&',
(',*2)',0$,)/$-*&'-+,52%-$&4'53T%,6,'%S(3-3-,0$,1=,0$,('-,
'./'-,0$-'('0'-,6,&$)3%$&'(3W'0'-A:+E,P',Y3./&',!A:,3(/-*&',
$(,1&25$03)3$%*2,0$,(',*2)',0$,)/$-*&'-A

6.2 Material 

Z,[%,5/72,0$,1(S-*352,0$,/%2-,:L,(3*&2-A,
Z,[%',72*$((',0$,5&3-*'(,0$,725','%5F',52%,/%,7/$%,53$&&$,
$-*'%52,9)$82&,0$,('72&'*2&32@+,(3)13',6,-$5'A
Z, \&$-, 2, 5/'*&2, )$*&2-, 0$, )'%./$&', "$V37($, 6, 0$, 1'&$0,
.&/$-'A,

6.3 La toma de muestra

:A,>2%$5*'&,(',)'%./$&',"$V37($,03&$5*')$%*$,',(',(('4$,0$,
*2)',0$,)/$-*&',0$(,1$&)$'02+,2,0$(,'./',&$)3%$&'(3W';
0'+,6,(($4'&(',F'-*',$(,G2%02,0$(,5/72A,H7&3&,0$-1'532,6,
0$8'&,C/$,$(,5/72,-$,(($%$,($%*')$%*$A,Q43*'&,C/$,$(,'./',
-'(.',',0$)'-3'0',1&$-3T%,6,C/$,1&242C/$,*/&7/($%53'-A,

EA,P($%'&, $(, 5/72, 6, 0$8'&(2, &$72-'&, 0/&'%*$, '1&2V3)'0';
)$%*$,:,)3%/*2A,

<A,H,52%*3%/'53T%+,3%*&20/53&,($%*')$%*$,(',72*$((',F'-*',$(,
G2%02,0$(,5/72,725','7'82,6,(/$.2,.3&'&(',($%*')$%*$,$%,
$(,G2%02,0$(,5/72,1'&',C/$,-$,(($%$,($%*')$%*$A,

]A,Q-1$&'&,F'-*',C/$,(',72*$((',-$,(($%$,*2*'()$%*$,6,-'(.',
*202,$(,'3&$,C/$,*$%.',0$%*&2A,

LA,\'1'&,73$%,0$7'82,0$(,'./',6,-3%,0$8'&,7/&7/8'-,0$%*&2,
0$,(',72*$(('A,

!A,X'5'&,(',72*$((',0$(,5/72,6,0'&($,(',4/$(*',1'&',52)1&2;
7'&,C/$,%2,*3$%$,5S)'&',0$,'3&$A,Q%,5'-2,52%*&'&32,&$1$;
*3&,(',*2)',0$,)/$-*&'A

Q%,5'-2,0$,%2,03-12%$&,0$, 5/72,6,0$, *$%$&,C/$, *2)'&, (',
)/$-*&',03&$5*')$%*$,0$(,.&3G2,0$,-'(30',F'5$&(2,52%,1252,
5'/0'(,6,0$8'%02,$%,(',725',0$,(',72*$((',/%,)$%3-52,12;
-3*342,1'&',C/$,'(,5$&&'&(',%2,C/$0$,5S)'&',0$,'3&$,0$%*&2,
0$,(',72*$(('A

P',Y3./&',!A:,3(/-*&',$(,1&25$03)3$%*2,0$,(',*2)',0$,)/$-*&'-A,

6.4 Conservación de la muestra 

Z,Q%,5'-2,0$, '%'(3W'&-$, $%, $(,)2)$%*2,2, $%,)$%2-,0$,:,
F2&'+,1&25/&'&,52%-$&4'&,-3$)1&$,(',72*$((','(.2,)S-,G&I',
',(',C/$,$-*'7',$(,1$&)$'02,$%,$(,)2)$%*2,0$,)/$-*&$2A<,
^2,$V12%$&(','(,-2(,%3,0$8'&,C/$,-$,5'(3$%*$A
Z,Q%,$(,5'-2,0$,C/$, ('-,)/$-*&'-,0$7'%,'()'5$%'&-$,1'&',
'%'(3W'&-$,2*&2,0I'+,('-,)/$-*&'-,0$7$%,52%-$&4'&-$,',*$);
1$&'*/&','(.2,3%G$&32&,',(',0$(,1$&)$'02A,

6.5 Etiquetado de la muestra

Z,B2%$&,$%, (',$*3C/$*'+, (/.'&+, G$5F'+,F2&',6,27-$&4'532%$-,
$-1$5I!,5'-,52)2,)$030'-,!"#$!%&,0$,*$)1$&'*/&'+,>QEL,6,
1=A,
Z, >2%43$%$, '%2*'&, $(, %2)7&$, 0$, (', 1$&-2%', C/$, *2)', (',
)/$-*&',6,(',*&'%-12&*',F'-*',$(,('72&'*2&32,1'&',)'%*$%$&,
/%,1&2*252(2,0$,5'0$%',0$,5/-*203'A

6.6 Procedimiento de análisis en el laboratorio

Z,X'5'&,(',72*$((',0$,(',%$4$&',6,0$8'&(','*$)1$&'&,$(,*3$)12,
%$5$-'&32,1'&',C/$,C/$0$,'1&2V3)'0')$%*$,',(',*$)1$&';
*/&','(.2,3%G$&32&,',(',)$030',$%,(',1('%*'A,
Z,_/&'%*$,$-$,*3$)12,%2,'.3*'&('A,_'&($,(',4/$(*',',(',72*$((',
/%,1'&,0$,4$5$-,-2(')$%*$A,
Z,B'&',)$03&,$(,1=+,'7&3&,(',72*$(('+,C/$,-$&S,0$,725','%5F',',
-$&,12-37($+,$,3%*&20/53&,03&$5*')$%*$,(',-2%0',0$,1=A,
Z,H.3*'&,)/6,-/'4$)$%*$,(',-2%0',2,(',72*$((',/%'-,],T,L,
4$5$-A,^2,3%*&20/53&,%3%.R%,'.3*'02&,$%,(',72*$((',%3,'.3;
*'&, 0$)'-3'02, G/$&*$A,Q(, 278$*342, $-,C/$,%2, -$, '(*$&$, $(,
52%*$%302,$%,>?EA,

,!A,B`?>Q_abaQ^\?,_Q,b[QX\`Q?

6. PROCEDIMIENTO PARA LA TOMA DE MUESTRAS, CONSERVACIÓN Y 
ANÁLISIS DE LAS AGUAS DESALADAS Y REMINERALIZADAS
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#$%&'()*+,-,*./(%+*%-0*1/'*(

2%34536%748%9:%!%5;768<%369653=6534%36%748%>;74?68%36%
;7@;7=5=3;3<%86?A5B

C%&;?;%DE68F?;8%36%GHIJH%DK%);)(JLM%67%9:%!%5;7%68%36%
N<O$

C%&;?;%DE68F?;8%36%JHI"PH%DK%);)(JLM<%67%9:%!%5;7%68%
36%N<#$

C%&;?;%DE68F?;8%36%"PHIPHH%DK%);)(JLM<%67%9:%!%5;7%68%
36%N<J$

6.7 Recomendaciones a tener en cuenta
%
C%.4%86%36Q65%EF=7=R;?%5E5@;%Q4F677;8%SE6%9E63;5%T;Q6?%@45I
F65=34%;KE;%K;8=!@;3;$%*8F4%68% =D94?F;5F6%94?SE6%86%T;%
4Q86?>;34%SE6<%36%;7KE5;%U4?D;<%67%)(G%86%;Q84?Q6%65%7;8%
9;?6368%36%7;%Q4F677;%V%;7F6?;%7;8%D63=3;8%36%9:$%
C%M;8%Q4F677;8%36Q65%68F;?%;7K4%DA8%U?W;%SE6%7;%F6D96?;FE?;%
;DQ=65F6%;5F68%36%86?%EF=7=R;3;8%9;?;%F4D;?%3;F48%!"#$!%&$

6.7 Referencias
%
"$% 1/X.+X'+%-*/:(+1%Y('%/:*%*ZX-,.X/,(.%

(Y% [X/*'% X.+% [X1/*[X/*'$% -6FT43% GP"HB%
)453E@F=>=FV$%G"8F%63$%GHHP$%,1\.%HI]!PPJIHN!I]$

G$% 1/X.+X'+%-*/:(+1%Y('%/:*%*ZX-,.X/,(.%
(Y%[X/*'%X.+%[X1/*[X/*'$%-6FT43%NPHHI:^<%
9:%_;7E6$%G"8F%63$%GHHP$%,1\.%HI]!PPJIHN!I]$

J$% 1/X.+X'+% -*/:(+1% Y('% /:*% *ZX-,.XI
/,(.% (Y% [X/*'% X.+% [X1/*[X/*'$% -6FT43%
NPHHI)(G%)</=F?;F=45%-6FT43%U4?%U?66%);?Q45%+=4`=I
36$%G"8F%63$%GHHP$%,1\.%HI]!PPJIHN!I]$

N$% XM\XMX+*a(<%b(.cXM($%M;Q4?;F4?=4%36%7;%-;5I
@4DE5=3;3%36%748%);5;768%367%/;=Q=77;<%);?F;K65;$%)4I
DE5=@;@=d5%96?845;7$

P$% 1/X.+X'+% -*/:(+1% Y('% /:*% *ZX-,.XI
/,(.% (Y% [X/*'% X.+% [X1/*[X/*'$% -6FT43%
GJGH\<%X7e;7=5=FV<% /=F?;F=45% -6FT43$% G"8F% 63$% GHHP$%
,1\.%HI]!PPJIHN!I]$

C%+6f;?% 65F45@68%SE6% 86% 68F;Q=7=@6% 7;% 76@FE?;% ;9?4`=D;3;I
D65F6%JH%86KE5348%V%F4D;?%67%3;F4$%.4%6896?;?%DA8%F=6DI
94%9E68F4%SE6%67%)(G%>;?W;%V%67%9:%F;DQ=g5$
C%*7%9:D6F?4%36Q6%86?%@;7=Q?;34%54%8d74%;%N%V%!%8=54%F;DI
Q=g5%;%O<P%d%"H$N
C%M;%;7@;7=5=3;3%36Q6%86?%;5;7=R;3;%86Kh5%67%1-IGJGH\P$

X%@45F=5E;@=d5%86%=5@7EV6%E5%?68ED65%367%DgF434%1-IGJGH\%
9;?;%7;%D63=@=d5%36%7;%;7@;7=5=3;3%94?%F=FE7;@=d5$

*5%67%;5A7=8=8%36%;7@;7=5=3;3%94?%>47ED6F?W;<%748%9:%!%5;768%
36%>;74?;@=d5%36%E5;%DE68F?;%>=6565%65%UE5@=d5%367%@45F6I
5=34%36%7;%D=8D;%65%;7@;7=5=3;3%F4F;7%i/X)j$

"$%&;?;%DE68F?;8%36%>;74?68%D654?68%36%GH%DK%);)(JLM<%7;%
Ud?DE7;%;%;97=@;?%86?A%7;%8=KE=65F6B

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%iG\I)j%`%.%`%PH$HHH
X7@;7=5=3;3<%DK%);)(JLM%k%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%DE68F?;%D7

+4536B

\B%D7%F=FE7;5F6%9;?;%9:%N<#$
)B%D7%F=FE7;5F6%9;?;%9:%N<J%iH<J%E5=3;368%36%9:%36%3=I
U6?65@=;j$
.B%54?D;7=3;3%367%A@=34%68FA53;?$

G$%&;?;%DE68F?;8%36%>;74?68%D;V4?68%36%GH%DK%);)(JL7<%7;%
Ud?DE7;%;%;97=@;?%86?A%7;%8=KE=65F6B

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%iX%`%.%`%PH$HHHj
X7@;7=5=3;3<%DK%);)(JLM%k%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%DE68F?;%D7

+4536B

XB%D7%EF=7=R;348%36%A@=34%68FA53;?%9;?;%776K;?%;7%9:%!%5;7$
.B%54?D;7=3;3%367%A@=34%68FA53;?$

!"#$%&'()*+',-.$/0&'1/2'3%45/1"0"/674'1/'0$/-7%/4'3&%&'&#$&-'1/-&2&1&-'8'%/0"6/%&2"9&1&-
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7.1 Introducción

,-./0.12.3.12.# 4.# 5-6561.# 78# 9:.8# :.#3.;/78-# 8<084# :.=
4878:84#/61#8<084#-.391.-879;8:84#58-8#912.128-#-.:0/9-#.7#
2838>6# :.# 78# 019:8:# :.# -.391.-879;8/9?1# 801@0.#3812.=
19.1:6#.7#/-92.-96#)+A#B#=#CDE$#

&42.#/85F2076#G879:8D#5-93.-83.12.D#-.40728:64#:.#:64#36=
:.764#:.#493078/9?1#:.#3.;/784$#*#/6129108/9?1D#02979;81:6#
.7# @0.#3.H6-# 5-.:9/.# 764# -.40728:64D# 4.# 81879;81# :94291284#
5-656-/961.4#:.#3.;/78#:.#8<08#:.4878:8#I#-.391.-879;8:8$#
J6-#K72936#4.#-.879;8#01#.420:96#:.#3.;/784#:.#5.-3.8:6#
/61#8<084#/61291.1287.4$#

7.2 Materiales y métodos

+.#L81#02979;8:6#:64# 5-6<-8384#:.#3.;/784#M82.-=J-6N# I#
+6O239PQ$# #)64#:8264#58-8# 78#G879:8/9?1#4.#L81#-./65978:6#
:.#764#8-/L9G64#:.7#78R6-826-96#:.#78#%81/63019:8:#:.#764#
(8187.4#:.7#S89R9778#T%(SU#.1#(8-28<.18$#

7.3 Resultados de la validación de programas 
de simulación de mezclas

)64#-.40728:64#:.#78#G879:8/9?1#:.#78#3.;/78#/61#.7#5-6<-8=
38#M82.-=J-6#858-./.1#.1#784#,9<0-84#!$N#8#!$V#58-8#.7#/87=
/96D#78#87/87919:8:D#.7#5W#I#.7#)+A=Q""C#-.45./29G83.12.$#

#!"#$%&'()*+',-.&/"01'-12%-'-.'/&./"3'4-5"53'6'/&./$.&53'7&%&'
.&8'4-9/.&8'5-'&#$&8'5-'.&':;<'$2"."9&153'=&2-%>?%3)

#

!"#$%&'()@+',-.&/"01'.&'&./&."1"5&5'4-5"5&'6'/&./$.&5&'7&%&'
.&8'4-9/.&8'5-'&#$&8'5-'.&':;<'$2"."9&153'=&2-%>?%3)

!"#$%&'()A+',-.&/"01'-.'7B'4-5"53'6'/&./$.&53'7&%&'.&8'
4-9/.&8'5-'&#$&8'5-'.&':;<'$2"."9&153'=&2-%>?%3)

!"#$%&'()C+',-.&/"01'-12%-'-.'DEF'4-5"53'6'/&./$.&53'7&%&'
.&8'4-9/.&8'5-'&#$&8'5-'.&':;<'$2"."9&153'=&2-%>?%3)

)64#-.40728:64#8501281#8#018#/6--.78/9?1#8/.528R7.D#.1#.4=
5./987#.1#76#-.O.-.12.#87#)+A#T,9<0-8#!$VU$#

7. SOBRE LAS MEZCLAS DE AGUAS REMINERALIZADAS CON AGUAS 
DESALADAS

Figura 7.2: Relación entre la alcalinidad medida y calcu-
lada para las mezclas de agua de la MCT utilizando 
Water-Pro.

Figura 7.3: Relación entre el pH medido y calculado para 
las mezclas de agua de la MCT utilizando Water-Pro.
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,-$./0-123$/34$-56.$57809./7:4$;0-2-$/34/90715-$<0-$57$5-$
.=.2-$8>5$2-9$?"@$2-$.A0.$2-5.9.2.$.$04$.A0.$1-874-1.B
97C.2.$/34$DE$8A$(.(FGH)$2-$.9/.97472.2I$-9$)+J$;.5.1>$.$
5-1$8-431$<0-$BEI"#

&5635$1-5096.235$5-$1-!$-1-4$.$04$5756-8.$43$.K7-163$.$9.$.6B
8:5L-1.$;31$93$<0-$;.1.$5756-8.5$.K7-1635$9.$;M1272.$2-$(FN$
;0-2-$;-187671$.08-46.1$97A-1.8-46-$-9$@$2-$.A0.$2-5.9.B
2.#$$O.8K7M4$;0-2-4$.08-46.1$97A-1.8-46-$57$5-$06797C.$04$
.A0.$/34$04.$.9/.97472.2$80P$K.Q.$RS?$8A$(.(FGH)T
$

!"#$%&'()*+',-.&/"01'-12%-'-.'34%/-12&5-'6-'&#$&'6-7&.&8
6&'&9&6"6&'&.'&#$&'%-:"1-%&.";&6&'6-'*<':#'=&=>?@A'
6-'&./&."1"6&6)

U31$50$;.16-I$935$.4>97575$/34$-9$;13A1.8.$+3L687V$2-80-5B
61.4$04.$/311-9./7:4$74L-1731#$*$6W6093$2-$-Q-8;93$5-$;1-5-4B
6.4$935$2.635$;.1.$-9$)+J$RX7A01.$!#"T$
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7.5 Estudio de la mezcla de agua desalada y 
remineralizada 
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En caso de querer aumentar el porcentaje de mezcla de 
agua no remineralizada es necesario aumentar la dosis de 
CO2 y por tanto el grado de remineralización. Esto implica 
también un mayor contenido de CO2 después de la mecla 
que debe eliminarse aireando o con la adición de Na(OH). 

(NO ABIERTO A LA ATMÓSFERA).

Figura 7.6: Valor del LSI según el porcentaje de agua 
desalada añadida a un agua remineralizada con 60 mg 
CaCO3/L de alcalinidad. 
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7.6 Estudio de la mezcla de agua desalada y 
agua continental 
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(NO ABIERTO A LA ATMÓSFERA).



C

M

Y

CM

MY

CY

CMY

K

portadaBil(ConLomo)OK.pdf   25/8/10   12:07:19


