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Table Dissociation reactions and solubilities of some representative minerals that dissolve congruently in water, at 25 °C
and 1 bar (105 Pa) pressure (Modified with permission from Freeze, R.A. and Cherry, J.A. Groundwater © 1979 Prentice Hall)

Mineral Dissolution reaction

Solubility (mgL ™Y

Common range of

abundance in waters (mg L")

Gibbsite Al(OH); + H,O — 2AIFT + 60H™
Quartz Si0s + HyO — HySiOy
Amorphous Si105 + HyO — HgSi0y4
silica
Calcite CaCO; + HyO + CO; «» Ca*™ + 2HCO;
Dolomite CaMg(CO3), + 2H,0 + 2C0O;, « Ca*™ + Mg*™ + 4HCO;
Gypsum CaSO; - 2H,0 — Ca®" + SO + 2H,0
Sylvite KCl +H,0 — K" +Cl” + H" + OH™
Mirabilite NaSOy - 10H,0 + HyO — Na® + SO2~ + HY + OH~
Halite NaCl + H,O — Na™ + Cl~ + H" + OH™

0.001
12
120

60*, 400°
50%, 3007
2400

264 000
280000
360000

Trace

1
1

12
65

350
300
1500
10000
10000
10000
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1 2
[ =- Z ml Zi
where m; 1s the molar concentration of 1on i and z; 1s 1ts k
charge. In most karst waters there will be only seven
constituents in significant concentration:

| 2 2
. ([Na—f“] + [K*] +4[Ca”"] + 4[Mg™"]

2

+[HCOS | + [CI7] + 4[SO27] + [No._,;])

In limestone and dolomite areas, Na™, CI™, SO;_ and
NO; are often present in very low concentrations and
thus can be neglected as well, but it is important
to establish this by measurement: it should not be
assumed.

As a rule of thumb, the 1onic strength of brackish
waters ~0.1; fresh waters > 0.01.
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Common chemical classifications of waters

Total dissolved solids®
(mgL ")

Soft water < 60

Hard water =120

Brackish water 100010 000
Saline water 10000100000
(Seawater) (35 000)

Brines = 100 000

Potable water for humans < 1000 or < 20007

Potable water for livestock 5000

*Total dissolved solids in potable waters are presumed to be only the
bicarbonates, sulphates, chlorides and their associated species as
discussed in this chapter.

"Varies between jurisdictions: these are the two most frequent limits.
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40.1+12+(3x16) mg

E,(CaC03) = | _ 50
. 42 101
EH;((, [1+“) = (_ — mg

2 ' meq

meq

. 24.3 o mg
Ey(Mg*®) = = 12.15 —
u( g ) 2 meq

1+124+(3x%16)
— =561

mg

Ey (Hcos_l) —

meq
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TH =A-x + VX =31V HNYY/D = YYY Mg /lcaco,
Yelol YN0

O

CH:\?ax:;:wvme Mg/lcaco,

NCH =x¥YY=\Yo/IY=\AY/A  Mg/lcaco,
TDS =A-+Y-+VY+F+\ -+ Y-\ \FO=FOF
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Pure water 1tself dissociates to a small extent:

H(J H++0H—
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(Thermodynamic equivalent constant) (sSabiaga s Jalad cyli =

_ (D)4 (B
4 — (B)P+(0O)°
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Ko = (H) + (OHD)
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(Activity) cullzd =

Table 3.4 lonic radii of 1ons most frequent in karst waters

Fi (<10 8 m) lon

NH;
K", ClI", NOy
OH ™, HS

IO~ PO3-

SO3~, PO;

Na*, HCOy
CO3%~

Srzi, Baz*, SE
Ca’? \ Fe? " Mn>"
Mg*'

HY. AP, Fe?
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D)4+ (E)® _ AG® _ K
(B)b+(C)c RT ¢4

AG? g ol o (pslS e g o)l > a0 T 91987 X 1077 Kcal /7/mol b sl plp g 55 Sub R alal, cpl o
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H,0

CaSO, + 2H,0 = CaSO, .2H,0

H,0

= Ca™ +50,” +2H,0

CaSO, .2H,0 =

_(Ca™)(S50,7)
£ (CaSO,),

0—4.61

obe sl 1077 0 as s an gles 3 a5 ol ] Sl ol Rl am s YO sles ,5 e Jolbs ool
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St Pladl =

( NaCl ) S

g o a1y Dyge o adal) cplasly Jolwe sels NaCl cudbs | cdale 285 da o L

K, = (Na*)(CI")

—1.51 —1.58

Db e 1077 a5 a0 9 K =107 5, Ksli 4> 0 YO gles 5o
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CO,(aqueous) = C gy x P, x1.963
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Gy Joad) aul i 50 C02 i

CO,(gas) — CO,(aqueous)

CO,(aqueous)+ H,0 — H,CO,

(H,C0,)
P

co,

K

co,

H,CO, - H" + HCO,

il 25 S yea (K)) 2STs cpl (SUS&) Jolas ool

« _(HCO)(H™)

1

(H,CO,)
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el 25 g (K) 2515 00l (SGS) Jols 2o
(H,CO,)
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126l SUSE 1) O g Sl See Olo S

HCO, —— H" +CO;,~

g e dlne 0 Sjem (K)o Jobs cob o

(H)(CO,)
(H,COy)




wkigo ol (a0

W}l’

Damghan University

SN AR 2 a0 Jolgs
(el Jalad g ) (sled slaa
(1980 K5) CO2 sty Bail =

(a) Absorption coefficients of CO,

Temperature of solution (°C) 0 10 20 30
Absorption coefficient Cyp 1.713 1.194 0.878 0.665

(b) Equilibrium solubility of CO, (mgL™")

Temperature (°C)

Pco, (atm) ( 10

0.0003
0.001
0.003
0.01
0.05
0.10
0.20
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Sl S g ke sogamme pl yo el i ;0 AR B PO o Voeme ol pH « iedlss 5 Sal slu S >lg 0

Lol s cnl o il e 52l (CO) ol S 5 ol e (HCO,)

CGCO_&S (_:_) Ca*™ + CO;_

sl o e 25 D ygeas SeigS I L cedS Jols col aib e suls &g cods CaCOy o5
K

(c—or—a)

= (Ca*")(CO,")

Ca™ +CO,” + H* —— Ca*" + HCO,
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Cia gl ol 5 CuwlS Pladl =
Dol a5 was e ki (Plummer el al. 1978) (VAVA) o) Kas 5 podb by 48,5 & s alinle;] il

1] S )5 el b 28Ty &8y 50 a5 0 15 o g 595 D STy A 29 s gloa] s b coldS
CaCO,+H,CO, = Ca* + 2HCO,

(aclas L a8 g0 J)L?uD Ls"] s e J)bu' Lg'j'.’ 5
CaCO, + H,0 — Ca** + HCO, +OH"

i s 4D 5 Oy Ll gl STy a8

CaCO, +CO, + H,O — Ca™ +2HCO,”
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K, = (Ca*")(Mg**)(Co, ")

CaMg(CO,), +2C0, +2H,0 —> Ca’* +Mg"* +4HCO,
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Equilibrium constants for the carbonate dissolution system, gypsum and halite, at 1 atm pressure. (From Garrels and

Christ 1965; Langmuir 1971; Plummer and Busenberg 1982)

Tcmpcmmf‘: (OC‘) PKCOE pKl pKE cha.lcilc pKaragonilc pKdolomitc ngypsum pKhalilc

0 1.12 6.58 10.63 8.38 8.22 16.56 4.65 1.52

5 1.19 6.52 10.56 8.39 8.24 16.63
1.27 6.46 10.49 8.41 8.26" 16.71
1.34 6.42 10.43 8.42 8.28 16.49
1.41 6.38 10.38 8.45 8.31 16.89
1.47 6.35 10.33 8.49 8.34 17.0
1.52 6.33 10.29 8.52" 8.37" 17.9
1.72 6.29 10.17 8.66 8.54" -
1.85" 6.32" 10.15 8.85" 8.73" —
1.92" 6.38" 10.14 9.36 9.02 -
1.97 6.42 10.14 - - -

pK, = 356.3094 + 0.06091964T — 21834.37/T + 126.8339log T + 1684915 /T2,

pKy = 107.8871 + 0.03252849T — 5151.79/T — 38.92561log T + 563713.9/T.

pKc = 171.9065 + 0.077993T — 2839.319/T — 71.595log T.

log KCaHCO7 =1.11 at 25°C, log KMgHCO7 = —0.95 at 25°C, log K CaCOY =3.22 at 25°C.
*Interpolated
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CO,” H,COy (H* (Ca™ 1) wis e 55350 Dol Sl 5 0T o codsS]T 5 oS Plossl ] 3 b o
M 55 S i 23Sl SO oges @lal L jsSie (0luS 5) slaaiss (cdale) Yeo JSlil 3 .OH™ HCO,
Sty

‘mr’Zi cations - ‘m.fizi anions

il 5 Opa alaly ol eSS Slo S (6l

2m_ . +m_ . =2m_, +m__ _+m ____
Ca H C OH

03 03

il 3 O gean Seow )5 sl gl p Jolw ST S

h) b o)
DM oo F2M ey 0.2 +_m5042_ +I??HC03_ +m o +m,,
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C man's activity

or ey S epe % and Jalad g il slgd glae

LJJ:.A c_i_.)‘)d GA}@AA dAA
02 35 50 iy S Ll )
Fa] catermre OV ) hlie 5yl K

Carbonate
bedrock

— L \ . o
No carbonate in overburden Rooling depth \A )JMA db—’\ Q—LP
vely porous carbonale bedrock Lg o j o
available available %
PCOp porosity carbonale  CO»2 saturation ‘ \A ) ) JM\ Dm XK
L;.JL».AJ

Shallow carbonale~!ree overpurden

available  available
PCO, porosity carbonate cO; sa?u atson
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CLOSED SYSTEM CONDITIONS

Carbonate—free overburden qﬂ ‘Sﬁ‘)d LEAW dM

porosity :avrat;lc?r?;e e satu?sanon ‘ * * )J J).A)A QU:\JS Q:\.J L\%j)‘

O 15 3llia 5 i Kin
Lgu ... e j d\l .\ - .

Lsu - A )J d\‘ .\ a ..SS ...S

] aat
mnon carbonate Lﬁ)

bedrock

carbonate
=] X ’
Deep carbonate —free overburden @bedrock
% —— — rooling depth

available avallable
porosity  carbonale CcO satulation
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SI, =log(Ca™)+10g(SO,")+ pK,
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SI, =log(Ca’")+log(Mg™") +2log(HCO, )+ 2pH —2pK, + pK,
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Calcite (as mg 17'CaCO,)=0.78 SpC - 21

dolomite (as mg 17 CaCO,) =0.66 SpC —13

..L....:Lvus.o n._a] °)'13 C..)"J.QSPCB p.:..._b’ ..:;L_i‘,fc...ial; JﬂJ'BJ U‘l' . it

mg 17 CaCO, = 0.59 SpC —30

il 00ges 1)1 5 adasly Langmuir (1971) @lice L3l 2> sble ol o
[ =1.88x107(SpC) (Y)-Y)
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