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A Plofia GARICA PELIUTE SbTRVER W pH DE EQUILLBRO 06 pH= (07

& DAGAAVA 0F GRUILBRLD DE BN DISOLLON EN (OUALD (0 (A
FMOSPANA AALZLE WPERAESTD OV & FIGRA 18 En & QWE Pk Pluk-
G0 5 44 OUS000 (03] =Ky Poy= (5772 16%° = 167 M

TVIEVD EN (WEUTA MVE (4 ALCRUMIDAD DF (A AGWA AD VillA fK [AEK -
(b0 0F Coy (N A ATHOSREYA 4 U & Yestd DE QuE aufwﬁé
BQUILIBRD SE SIVE Bz 7y & fUelE ATonERsE Qe €L VALK NUNE-
RUO 5 (A MLAUNIDAD & (RACTUARN®E €L MIsMo QuE L UK
WUHALLD ¢ & (OUCEMNACLOU DT DE BPches OnbomI CAS Cr

A IWTOLSECCION 08 & UNER  Me= 072l (o0 i Cowp G

VE. NAGRAM DEL S15Teh ABLELD ADS lofstlonp €. VAL pH=9,0,
QUE 9ATISFACE LA (OUDICLON [HAVESON (UM NEUTE M Aoy sl A

28 PH X EQUILBRY BUSUADD

(& (OULEVTRALON DE (AS ESFelieS OMbpmEAS PleseN(eS & él
EQUILIGID SE tB{LEAEN POl INTERSECLLON 8 S LIWEAS (OXKeshon-
MEUNS (ol (4 VIERTICAL FH-A.O,,L( Q5 Valolss 6 Lesumel ey (4
™HA X,

(1o vade DWALSE & A TMIA X w0 IWlopucelon PlloGie -
SlUA DE WA MASE AUOE & WA HURTRA OF AGYA odi@Ad UV
ATHENTD POGLESIVD DE 4) ALCAUMIDAD Y (AJ AUHENTD (AATulo

0 S FH' L INTELLAMAL O (Dy (o (A ATHOSRYA HAC: Que €L
?k JNICAL TEVGA (WA DEUDENCIA A AAIAL A HEDIDA QUE PASA

&L TIENPo Y % DIRLVE QL (0y ATHOSERRLLD

W OUTRCD AGUA -4k T (0M0 TEVE Wasl e (WA TS



hid) WaeHIEQA SAUmA S

ETS INGENIERDS 76 CAMIWDS QUIKALA DL AGNA

0 QefllGe RACON HACE Qe €56 ReTOdAd dACIA pH HAS RAD§
SEA HAS RAPIDo Qe QAUDO WA MASA DE AGWA € rAANaLE €U
Relos0 M I DU U W WNERANBLO 0E oy HMuCho HAS
AT,
Poa X KeSULTA0DS
Valores
%fém'{'w Tweeezbes Fucla

Hobwdd  Ioufaloy 1wl

oH Io,7 90
iy oK 5N

K (oy 5 M yxi3’H
(or a7 s 6 M

45



%

AUNE

agvy - QY

Y WU s

5 W) 20 onigoy? é@“§<§
3 q

0] Wk




PR INGEALERIA SAUITARIAS®
ETS  INGEMIERDS DE CAMILDS QUIKIGA %L AGUA
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Q‘L-r] [CO’S 1 kﬁ 5’ Wy
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16, LA REALIFACION OF 1 ENSAYD PILDTO DE FLOCULACLON GEQUENE DISPONER
0E WU HeT@o (UICo 0 AGUR (YA ALCUNDAD 96A % 250 Wy (a (o,

108 WU p=86, EL AGUA DE AASTECLILEATD DE QUE DISPONENOS
& EL AHORATORLO TIENE UNA ALALINIDAD 3E 5p wg(ﬂ&ios Y W

| PH:ZO ,

TILIZANDO € DAGRRMA DE DEFFEYES , DETERMIUAR (A GWTIDAD D
NEVE OAhouleA (0 50000 A o 20 phan[Ka ) |5 piCARBOUATD
5o0DICo (4 #50 flan] kg ) Y 9E CARBONATD S00iCo (A 4 1o itz ke )
QE (ONSTITUYEN (A (oMb IWACLON MAS EONOMICA PARA TRARSFOR MAL

NS KETRO (0biCo 9 AGUA 36 ABASTECIMLATD BN AGJA D (4 GAUDAD
DSEADA MRA B ERPERIMEATD.

1e8 QUE CONDICIOUES HABRA & MANTENERSE ¢ MARIFULARSE €L
AGOR AS| PLPAADA kR AstauRAR QUE SO CAUDAD € MANTUENE
DURANTE A LEAUTACION DEL ENSAD DE FLOCULACION 7
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EL DAGKAMA BE EQUILIBRLO 6L AGu TEATADA &N (oUFACTO (0K UNA
ARPWOSRERA (INTEGLELDD 00%3% EN VIR DE (0 AMlECE SVPEK-
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ERACCLONES DE (OMIZACAON DEL S1STEMA CAKBOUAW-_HCA%OA!HTD
A IS0, FV..:G@"L , ?kz:lo,v),

PH ¥ 021 d‘;_
U 1400000 « 00000 « 00000
50 1.00000 « 00000 » 00000
100 1.00000 « 30000 » 00000
1650 499999 « 00001 « 20000
2. 00 299995 « 00005 « 00000
2.50 .99986 = .000t4 « 00000
3.900 « 99954 « 00046 « 00000 .
3450 »99858 00144 « 00000
4,00  «99545 . 00455 . 00000
4¢50 | 98575 . 01425 « 00000
5e 00 +95629 . 04371 « 00000
Se 5O +87371 » 12629 » 00000
6e 00 . 63629 «31370 - «20001-
6450 - «40889 +59102 < 00009
700 . 17944 - L,32018 200038
7850 06462 « 93400 » 00138
8¢ 00 » 02131 497413 « 00456
8450 « 00677 +97875 « 01448
950 00060 «87062 » 12877
10. 00 « 00015 « 638122 «31863
104 59 « 00003 + 40336 59661
11.00 « 00000 17614 .82386
1130 L00000 « 06333 + 93667
12.00 090900 S . 023%3 0 97307
12.50 L 00000 » 00672 » 99328
12.00 « 20000 « 30213 « 99787
13. 50 + 00000 00068 . «29932

14. 00 « 0NN e 30021 « 99979
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203 CALCIUM CARBONATE SATURATION

Calculation of the saturanon, equilib-
rium, or undersaturation of water with
respect to calcium carbonate requires
knowledge of the calcium ion concentra-
tion, aikalinity, pH, temperawre, and
tonic strength or total dissolved solids
concentration. Frequently, the degree of

tive value tndicatés oversaturation with
respect to caicium carbonate. or scale-

oversaturation or undersaturation is de-
scribed by the Langelier saturation in-
dex', equal to pH measured - pH satu-
ration. A value of zero indicares calcium
carbonate equilibrium, thac is, a stable
water. A negative value indicates under-
saturation or corrosivity, while a posi-

Taete 203 :1. Constant A as FuncTion oF
WATER TEMPERATURE

forming properties. Warter Temperatre
A

1. Calculation 0 2.60
4 2.50
. , 8 140
The value ot pH saturation can be 2 330
calculated, with good precision, by using 14 2.20
the equilibrium expressions for the solu- 20 2.10

tien of calcium carbonate and the second
hydrolysis of carbonic acid:

Tasce 20311, Constant B as Funcrion oF
TotaL DissoLvep Resiouk

CaCOxne =Ca*t+C0O0* Total Dissolved
K = [Car][COs ] (1 RL‘SI{I‘UL'
g/ B
HCOs = H* + COx* 5 570
[H*][COs*] 100 977
=7 200 983
- 2
HHCO (2) 400 9.86
. } . 800 9.89
Divide Eqummql by Equaton 2 and L 0o o o0

rearrange to obrain:

K.
(H*] = — [Ca*" [[HCOv'] (2a)
K

or

Tasce 20301 Logaririas oF Carciust lon
anD ALKALNITY CONCENTRA MONS

Ca* or Alkalimry
s as Cal0s

pH = piCat +plHCO 1 +p (K2 Ky (3b) cepiiviticnt oy

T 1.00

Values of conditional equiltbrium con- -3 ;;‘;

. . . 3 .

,stzlnr,:_:;m_v be obtamned from the Ticera- i Lo

ture.” 50 1.70
Accounting for the effect of tempera-

ture and 1onic strength on che equilibri- a0 1.78

um censtants, Larson® formulated the ;8 :33

expression for the pH ar calcium carbo- (00 200

nare saturanon, pH,, as:

pH,=A+B-log(Ca¥)-log(alkalinicy)  {4a) 200 2.30

N 300 248

where calcium ton concentranon and al- A00 2.60

kalimty are expressed in terms of mg/I 500 2.70

as CaCOy cquivalent. Values for che 600 -5

. . . . 2.7

constants ;}nd locarithms in Equarion 4a 700 344

are given in Tables 203:1 through TH. $00 390

For example, for a water having a 900 195

1900 .00

calcium ion concentration of 200 mg/'l
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as CaCOs, an alkalinity of 60 mg/1 as
CaCOs, a temperature of 16 C, and a
total dissolved residue concentration of
650 mg/l, this equation is solved:

pH¢=2.20+9.88-2.30-1.78=8.00  (4b)

If the measured pH of this water 1s
9.0, the saturation index is 9.0-8.0 or
+1.0, and the water is supersaturated
with respect to caleium carbonate.

The pH; value of 8.0 means that the
water will neither dissolve nor precipi-
tate calcium carbonate ar thar pH.
While it does not spcmﬁcall\, indicate
anythmg ahout the corrosion of any
mectal in contact with the water, it is
widely assumed that maintning the
water pH above the pH will result in
the deposition of a protective coating of
calcium carbonare on distribution sys-
tem niping. Frequently, this does not oc-
cur because of non-unitorm deposition
or sloughing of marterials from pipe
walls. The formataen of protective cal-
cium carbonate coatings may be further
tnhibited by the application of polyphos-
phates as sequestering agents to the fin-
ished warer.

Additional aids for the calculation of
the saturation index are available®!
Parucularly usefui is the Caldwell-Law-
rence diagram,'! which facititares esu-
mation of chemical dosages for softening
as well as equilibrium conditions.

Tbe pH of stability with respect to
calcium carbenate frequently has been
esumared experimentally by equilibrat-
mg chips of calcium carbonate with a
given water (marble test). This tuse suf-
fers from the facts that equilibrium may

INGENLERA SAITAR A §°
OUIKICA BEL AGUA

not be arzained and the partial pressure
of carbon dioxide in the atmosphere
over the sample may influence the re-
sults adversely.
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