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MIX2: A Computer Program
for Modeling Chemical Reactions
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L. Niel Plummer and David L. Parkhurst 
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and

David R. Kosiur 
Department of Geology 
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ABSTRACT

MIX2 is a FORTRAN IV computer program that utilizes an aqueous 
model and the constraints of mass balance and electrical balance to 
compute the pH and equilibrium distribution of inorganic species as 
a result of net reaction progress in the closed system: CaO-MgO-Na^O- 
K^O-CO^-H-SO.-HCl-H^O. The program considers three general classes

of problems involving net reaction progress: 1) mixing of two solu­ 
tions in fixed volume, 2) titration of one solution into another 
(variable volume) , and 3) the addition or subtraction of a net stoichio- 
metric reaction to or from an aqueous solution. In addition, MIX2 
will follow one phase boundary through any of the above classes of 
problems.

This report presents the theory and method of calculation used 
by MIX2, describes the input to the program, presents results of two 
test cases, and provides a program listing.
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INTRODUCTION

MIX2 is a FORTRAN IV computer program that utilizes an aqueous 
model and the constraints of mass balance and electrical balance to 
compute the pH and equilibrium distribution of inorganic species as 
a result of net reaction progress in the closed system: CaO-MgO- 
Na 0-K20-C02-H2SO,-HC1-H20. The program considers three general

classes of problems involving net reaction progress: 1) mixing of 
two solutions in fixed volume, 2) titration of one solution into 
another (variable volume), and 3) the addition or subtraction of a 
net stoichiometric reaction to or from an aqueous solution, In addi­ 
tion, MIX2 will follow one phase boundary through any of the above 
classes of probelms.

There are a number of problems in natural water systems, and in 
the laboratory, that can be modeled by MIX2. For example, MIX2 can 
model chemical reactions in problems such as sea water encroachment 
of a fresh water aquifer, Plummer (1975), the testing of proposed 
inorganic reaction paths in heterogeneous evolving systems, predicting 
the amount of accompanying mineralogic transfer in reacting hetero­ 
geneous systems, predicting the solubility of minerals in aqueous 
solutions, and testing proposed aqueous models by simulating labora­ 
tory experiments.

The purpose of this report is to briefly present the theory and 
method of calculation used by MIX2, describe the input to the program, 
present test cases suitable for comparison (Table 3), and make avail­ 
able a listing of M1X2 (Table 4).

METHODS

Aqueous Model

The aqueous model of MIX2 is similar to that of WATEQ (Truesdell 
and Jones, 1974),, except that fewer species are used. The species 
considered and t'hermochemical data (which are valid from 0 to 50°C 
(Celsius) at one atmosphere total pressure) are shown in Table 1. 
Individual ion activity coefficients of changed species are computed 
from extended Debye-Hilckel theory (Robinson and Stokes, 1955)

. 2
log Y * " + b I (1) 

1 + B a /
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where z is the ion charge and I is ionic strength. In equation (1), 
the parameters a and b have been estimated for the major ions by 
Truesdell and Jones (1974) and are given in Table 2. The constants 
A and B of equation (1) are calculated from the density and dielec­ 
tric constant of water as a function of temperature (Hamer, 1968; 
see also Truesdell and Jones, 1974). As shown by Truesdell and 
Jones (1974, p. 242), the computed activity coefficients for the 
major ions (Table 2) are near the mean salt values to ionic strengths 
of 4.0.

Activity coefficients of neutral species are estimated from the 
relation

log Y° - 0.11, (2)

except for YT, ™ which has been computed £rom the Henry's Law con- H2 C03

stants of Harned and Davis (1943) (for the solubility of C02 in NaCl

solutions) by Wigley and Plummer (1975). The analytical expres­ 
sion for YTT ™ is given as a footnote to Table 1. H2 C03

The mass action and mass balance equations in the aqueous model 
of MIX2 are programmed in a manner similar to WATEQ (Truesdell and 
Jones, 1974). An advantage of this programming method (see Truesdell 
and Jones, 1974) is that important changes in the model can be accom­ 
plished quite simply. The only significant programming difference 
between the aqueous models of MIX2 and WATEQ is the method of con­ 
vergence on mass balance for the anions used by MIX2 which is as 
much as 10 times faster than that of WATEQ. MIX2 solves both cation 
and anion mass balance in the manner described for cation mass bal­ 
ance by Truesdell and Jones (1974); a method similar to that of 
Wigley (1971).

Numerical Convergence

MIX2 performs three functions that require an iterative 
procedure:

1) Solving mass action and mass balance equations 
in the aqueous model given pE and total compo­ 
sition of the solution.

2) Finding the pH of a solution necessary for both 
mass and charge balance.

3) Finding the number of moles of a specified mineral 
to be dissolved or precipitated in order to bring 
the solution to equilibrium with the mineral and 
accompanying mass and charge balance.
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Because of the number of iterative calculations made by MIX2, it is 
essential that the speed of these calculations be optimized.

Probably little can be done to speed convergence on mass action 
and mass balance in the aqueous model. For example, MIX2 solves the 
aqueous model for a simple carbonate solution to better than 1.0x10 
moles per lOOOg H^O (molality difference between computed mass of 
carbon and actual carbon) in six iterations, and seawater is solved 
to the same precision in 14 iterations (see Table 3). These required 
iterations on the aqueous model compound rapidly, however, in solving 
for solution pH following chemical reaction (case 2) and particularly 
in finding phase boundaries (case 3).

In solving cases (2) and (3) above, MIX2 uses an optimized nu­ 
merical convergence scheme of scanning functional relationships until 
roots are crossed, followed by linear and second order approximation. 
As shown in Table 3, this method of convergence is quite rapid, re­ 
quiring roughly 4 to 7 iterations each for cases (2) and (3). The 
number of iterations on the aqueous model compound rapidly, however, 
when phase boundaries are solved, because each iteration on the phase 
boundary necessitates iteration on pH - charge balance which in turn 
requires iteration on mass action - mass balance in the aqueous model. 
Thus, for example, in finding the number of moles of a specified 
mineral to be dissolved or precipitated (to 3 significant figures) 
and defining the pH of that solution (to 3 decimal places) can require 
as many as 686 iterations (7x7x14) of the aqueous model for solutions 
similar to seawater (when convergence to better than 10~15 On mass 
balance is required). The test cases of Table 3 show that this esti­ 
mate of number of iterations is an extreme value. Many cases can be 
solved to high precision in several hundred iterations of the aqueous 
model, and this estimate of required iterations can be reduced fur­ 
ther when less accuracy of computed results is warranted. We discuss 
in more detail below the numerical convergence procedure in solving 
cases (2) and (3).

Case 2. There is one unique value of pH of a solution that, 
through convergence on mass balance in the aqueous model, will result 
in perfect charge balance. Perfect charge balance is defined by the 
equation

I m.z. = 0 (3)

where m> is the molality of the ith ion and z, is it's charge. Nu­ 

merical convergence on charge balance is, of course, limited by the 
precision of the computer, and thus, only approaches zero. pH values 
less than the unique value causing perfect charge balance yield a 
positive charge imbalance and pH values greater than that unique 
value result in negative charge imbalance.
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MIX2 uses the following procedure to find the value of pH re­ 
sulting in perfect charge balance, within the prescribed limits of 
the calculation:

1) Scan pH as a function of charge balance (an approximately 
parabolic function for most natural waters) until the root 
is crossed, as indicated by a change in sign of electrical 
balance and converging on mass balance in the aqueous model 
with each new estimate of pH.

2) Obtain a first order estimate of the unique value of pH 
from a linear relation between the point (point (X,Y) = 
point (pH, electrical balance)) above the root and the 
point below the root, and return to the aqueous model for 
convergence on mass balance to find the new corresponding 
value of charge balance.

3) Obtain a second order estimate of the unique value of pH 
using a parabolic solution to the three values from step 
2 (above), and return to the aqueous model for convergence 
on mass balance to find the corresponding charge balance. 
At this point, MIX2 has knowledge of four points on the 
pH - electrical balance curve. Because of the nature of 
the pH - electrical balance curve, the 4th point, obtained 
by the second order approximation, is closer to the root 
than any of the other 3 points, and is therefore retained. 
Two of the remaining 3 points lie on the same side of the 
root. The absolute values of the electrical balance of 
these two points are compared and the point farthest from 
the root is discarded.

4) Repeat step 3 (above) until the required precision is ob­ 
tained.

Once the root is crossed, this procedure usually finds pH to 
3 decimal places in 2-3 steps, which compares with 20 or more steps 
by interval halving techniques. It is important that the root be 
crossed in as few steps as possible; MIX2 scans initially at 0.2pH 
(in the direction of the root based on the sign of electrical balance), 
and if not crossed on the first step, the scanning increment is in­ 
creased to l.OpH unit.

Case 3.

Case 3, that of locating a phase boundary, is essentially iden­ 
tical (mathematically) to that of finding the unique value of pH 
(case 2), where pH is replaced by the term "XMOL", the number of 
moles of the appropriate mineral to be added to or removed from the 
solution to bring the solution to equilibrium with the mineral, and 
electrical balance is replaced by the corresponding saturation index
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(SI) of the mineral. Saturation index is defined by

TAP 
SI = log +f- (4)

where IAP is the ion activity product of the mineral in solution and 
K is the thermodynamic equilibrium constant. Negative values of SI 
correspond to undersaturation and positive values indicate super- 
saturation. In finding a phase boundary, each new estimate of XMOL 
revises the total masses of appropriate species in solution which 
requires iteration on mass and charge balance (case 2) to define the 
new pH, distribution of species and resultant mineral saturation index 
corresponding to the estimate of XMOL.

General Calculation Procedure

Having described some of the details of the aqueous model and 
numerical convergence procedure of MIX2, we can discuss the overall 
calculation scheme of the program. All calculations of MIX2 are 
performed in double precision, necessary for the required convergence 
on an IBM 370/155. The initial data to MIX2 define the various op­ 
tions and required parameters for the job to follow. The total mass 
composition, pH, temperature and density of initial solution is read 
and the units of concentration are converted to molality, if not 
entered as molality. All equilibrium constants and other temperature 
dependent data are computed at the temperature of the input solution.

Because the constraint of charge balance will be utilized later 
in the program to determine solution pH, it is essential that the 
initial solution be balanced in charge through the aqueous model in 
accordance with the initial pH. Charge balance in the initial solu­ 
tion is accomplished by adding^ chloride OIL potassium (as determined 
by the initial charge imbalance) using the same numerical procedure 
described above for finding the pH of solutions.

So that any possible errors in later solutions, owing to dif­ 
ferences in extent of convergence, will be negligible, the initial 
solutions are converged on mass balance and charge balance to _< + 
10~~15. Also with the choice of the appropriate input option (de­ 
scribed in a later section of this report), the pH of an initial 
solution can_be adjusted rather than total chloride"or potassium 
content in determining initial charge balance.

If two solutions are to be mixed, or a solution is to be titrated 
into the initial solution, the second solution is entered and conver­ 
gence on charge and mass balance, at the temperature of the second 
solution, is followed in an identical manner as with solution 1. 
If the temperatures of the two solutions differ, the temperature of 
of mixtures is estimated linearly from the end-member temperatures 
and all calculations are performed at the new temperature. Possible



temperature effects resulting from heats of reaction are not consid­ 
ered.

If a net reaction is to be added to the initial solution, the 
^toichiometric coefficients of each component in the net reaction, 
X, are entered along with values of total moles of that net reaction 
to be added to the solution. The net stoichiometric reaction must 
be perfectly charge balanced, that is,

V + V " V + 2 <^o~ + foo-> (8)

except for the cases of adding acids ojr bases to solution, such as in 
the oxidation of organic matter where X— — is taken as Xpn .

L.U- L.U«

For example, suppose that along a presumed flow path in an aqui­ 
fer, analytical data suggest that the net reaction is, relatively, 
2.7 moles of calcite +0.5 moles of dolomite +0.1 moles of CHLO 
(organic matter) per mole of gypsum. The stoichiometric coefficients 
for the net reaction could be written X ++ =4.2, \++ * 0.5, X —

3.8, and X — = 1.0, with the remaining X values equal to zero. The
oU ,

4
total mass composition of the solution is computed at any point in 
reaction progress from the total concentrations in the initial solu­ 
tion, the stoichiometric coefficients of the net reaction, and the 
number of moles of the net reaction to be added to the solution, 
XMIX; i.e.,

CTOT (a) = CTOT (initial) + XMIX - X (9)

where CTOT is the total molality of the species in solution and a

indicates the desired amount of reaction progress. If, based on the 
net stoichiometric reaction, the total molality of sulfate added to 
the initial solution at a is to be 3.0 mmoles, XMIX (equation 9) be­ 
comes 0.003. After the step in reaction progress is taken, MIX2 
returns to the iterative convergence procedure of finding pH result­ 
ing in both charge and mass balance.

If the appropriate options are specified in the input data, 
MIX2 will follow any mineral phase boundary that can be defined in 
the chemical system of the aqueous model. The phase boundary is 
defined by entering the number of moles of each component in one mole 
of the mineral, PHAS (I), and the desired value of the equilibrium 
constant to be followed. For example, if it is desired to maintain

—1 6 85 
the ion activity product of dolomite at 10 , one would enter
PHAS (Ca++) =1.0, PHAS (Mg++) =1.0, PHAS (C0"~) = 2.0 and a log 

value of the "equilibrium" constant, KPHAS, of -16.85. All other
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values of PHAS(I) would be zero. MIX2 is capable of following one 
phase boundary during, mixing, titrating, or dissolution - precip­ 
itation reaction steps.

INPUT

The number of data cards required by MIX2 is variable and de­ 
pends on the nature of the problem being solved. We have listed 
below the data requirements for all possible situations considered 
by MIX2 in the sequence in which the cards would be input. The actu­ 
al input cards required for a particular problem should be evident 
from the description of the input variables.

Card

2

3

4

5

6

7

7 + n

8 + n

9 + n — 
12 + n + m

Variables

IOPT1, IOPT2, IOPT3, IOPT4, 
IOPT5, IOPT6, IOPT8, IOPT9, 
IOPT10, NMIX, VO, CLOSE, 
HCLOSE, STPSIZ

COEF(I), (I * 1,7)

PHAS (I), (I * 1,7), KPHAS

XMIX (I), (I » 1, NMIX)

TITLE

TEMP, PH, DENS, FLAG, IHOLD, 
IOPT7, CUNITS(7)

CUNITS (I), (I * 1,6)

n cards containing optional 
input pertaining to Solution 1 
are read here

Blank card required to denote 
end of data input for Solution 1

Repeat cards 5 through 8 + n for 
solution 2, if IOPT4 equals 0 or 1, 
where solution 2 contains m optional 
input cards. If IOPT4 * 2, omit cards 
9 + n —12 + n + m

Format

(911, 15 
4D10.3)

(7D10.3) 

(8D10.3) 

(8D10.3) 

(20A4)

(3D10.3, IX, 
311, IX, D12.5)

(6D12.5)

(A4, IX, 5(13, 
D12.5))



Description of Input Variables

IOPT1

IOPT2

IOPT3

IOPT4

TOPT5

IOPT6

IOPT8

IOPT9

IOPT10

NMIX

VO

Equals 0 prints thermochemical data, equals 1 omits print of 
thermochemical data.

Equals 0 prints convergence iterations on electrical balance for 
initial solutions, equals 1 to omit print.

Equals 0 prints convergence iterations on pH, equals 1 to omit 
print.

Equals 0 if solution 1 is to be mixed with solution 2 in a fixed 
volume system. Equals 1 if solution 2 is to be titrated into 
solution 1, (VO must be specified), equals 2 if any net stoichio- 
metric reaction is to be added to or removed from solution.

Equals 0 prints summary of titration pH curve (if IOPT4 equals 1). 
Equals 1 omits summary of pH titration curve.

Equals 0, roots are found by scanning, linear, and parabolic 
approximation. Equals 1, roots are found by scanning and interval 
halving. Note that IOPT6 equals 0 is significantly faster than 
IOPT6 equals 1.

Equals 0 if no phase boundary is to be followed, 
phase boundary is to be followed.

Equals 1 if one

Equals 0 if phase boundary is to be followed at all points in 
the reaction, (provided IOPT8 equals 1). Equals 1, phase boundary 
will be followed if solution supersaturates with specified phase 
(PHAS(I), KPHAS), provided IOPT8 equals 1. Thus, if IOPT9 equals 
0, the specified mineral will either dissolve or precipitate in 
maintaining "equilibrium". If equal to 1, the mineral will pre­ 
cipitate only in maintaining SI-KPHAS.

Equals 0, causes printout of convergence iterations on the phase 
boundary search (if IOPT8 equals 1). Equals 1 omits print.

Total number of mixtures to be made if IOPT4 equals 0, or total 
number of titration additions (of defined solution 2 into solution 
1), if IOPT4 equals 1, or total number of additions or removals of 
a net stoichiometric reaction, if IOPT4 equals 2.

Initial volume of solution 1 if IOPT4 equals 1, otherwise leave 
VO blank. If IOPT4 equals 1, VO must be greater than zero and 
have the same units as XMIX (I).

-9-



CLOSE Absolute value of SI desired in following phase boundary. 
Reasonable value is 0.001. Leave blank if IOPT8 is not 
equal to 1.

HCLOSE A factor that is multiplied times the absolute value of
electrical balance to determine the closure on mass balance. 
l.OD-08 is reasonable. If the electrical balance is l.OD-04, 
convergence on mass balance would be to l.OD-32 for HCLOSE of 
l.OD-08. All initial solutions converge to l.OD-15 regardless 
of the value of HCLOSE. Larger values of HCLOSE decrease the 
time for convergence on mass balance, and increase the error 
of the aqueous speciation.

STPSIZ A factor that is multiplied times the total limiting concen­ 
tration of species in the phase-boundary mineral in order to 
determine the step size in searching for the phase boundary. 
STPSIZ must be greater than 0.0 and less than 1.0. Values 
of 0.3 to 0.6 are reasonable. Large values of STPSIZ usually 
increase the speed of convergence on saturation.

COEF (I) Stoichiometric coefficients of the net reaction being added
to or removed from solution. Omit card if IOPT4 is not equal

to 2. Order is Ca Mg Na Cl , SO, CO,

PHAS (I) Number of moles of each major species in one mole of the
mineral for which the phase boundary is to be followed. Order

is Ca Mg Na Cl , SO, and

KPHAS

XMIX (I)

TITLE 

TEMP

The log of the equilibrium constant for the mineral PHAS (I)
++ +• 

written in terms of mineral = ions, where ions are Ca , Mg

Na , K Cl , SO, , and CO

Percent of solution 2 to be mixed with solution 1, if IOPT4 
equals 0. If IOPT4 equals 1, XMIX is the volume of solution 
2 (same units as VO) to be added to solution 1. If IOPT4 
equals 2, XMIX is the total number of moles of the net reaction 
(COEF (I)) to be added to the solution for each desired point 
along the proposed reaction path. XMIX (I) is negative if 
the reaction is to be removed. NMIX values of XMIX (I) are 
read. If NMIX is zero, omit card 4.

General description, identifying information, etc. 

Temperature in degrees C.
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PH Negative log activity H . 

DENS Density of Solution (g/cc).

FLAG Signal for units of input concentration. 1 equals meq/1, 
2 equals mg/1, 3 equals ppm, 4 equals molality.

IHOLD Signal used to hold a previous end-member solution constant 
on successive mixing or titrating cases. IHOLD must be zero 
for the first 2 end-member solutions input. On additional 
mixing cases, IHOLD may be 0, 1, or 2. If IHOLD equals 0, 
2 new end-member solutions are read in. If IHOLD equals 1, 
the previous defined solution 1 is saved and solution 2 is 
redefined by input. The opposite is true if IHOLD equals 2.

IOPT7 Equals 0 if chloride or potassium are to be adjusted in the 
initial solution for charge balance. Equals 1 if the pH of 
the initial solution is to be adjusted for charge balance.

CUNITS (7) Total concentration of carbon in solution.

CUNITS (I) Total concentrations of Ca , Mg , 
(1-1,6) (in order) in initial solution.

Na"*", K4", Cl", and S0~

Optional Input

Optional input cards can be used to (1) input the total concen­ 
trations of species not included on cards 6 and 7 ("CONC" card (s)); 
(2) change AH' ("DELH" card (s)); (3) change log K at 25 C ("TABL"

card (s)); or (4) input a value of log K that overrides all previous 
values of log K and will not be corrected for temperature ("LOCK" 
card (s)). n option cards fit in the data stream between card 7 and 
the blank card 8+n. There is no limit to the number of option cards 
used. However, the order in which option cards appear must be that 
as described above (1-4), that is, 1., "CONC", 2., "DELH", 3., "TABL", 
4., "LOCK". It is possible to use none, 1, 2, 3, or all 4 types of 
option cards in a single data set provided the sequencing is that 
shown above. Information coded on option cards must follow a fixed 
format:

Variables

WORD, (INT(I), VAL(I), I - 1,5)

Format

(A4, IX, 5(13,E12.5))

Where WORD is either "CONC", "DELH", "TABL", or "LOCK". INT (I) is 
the subscripting number in the program and VAL(I) is the appropriate 
new value. As many as 5 values may be input on each option card. 
Subscript numbers for reactions in the aqueous model are~ given in Table 
1, and subscript numbers for ions appear in Table 2. If IOPT4 is 
not equal to 2 and thermodynamic data are overridden with optional 
input for solution 1, similar appropriate input should follow with 
solution 2.
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TABLE 1 Thermochemical Data1

Reaction AH° 2 LogK^.v 3

(6) CaOH4 - Ca44 + OH*

(9) CaSO? - Ca44 + S0~~
H H

(2) MgOH4 - Mg44 + OH"

(5) MgSO° - Mg44 + S0~~

(12) NaSO~ - Na4 + S0~~

(16) Na 2 SO° - 2Na4 + SO™

(11) NaHCo" - Na4 + HCO~

(10) NaCO~ - Na4 + C0~

(14) N«2CO° - 2Na + C0~~

(20) NaCl° - Na4 + Cl~

(21) KC1° - K4 + Cl~

(19)HC1° - H4 + Cl"
.

(17)H20 - H + OH"

(22)H2 SO° - 2H4 + S0~

(26)CaMg (C03 ) 2 dolo-lt .)

-Ca44 -

(24)CaC03(.ragonite) - Ca++ <

(25)MgC03(iMgne||lte) - Mg4*-

(27)CaS°4 (anhydrite) - <*" '

-1.19

-1.50

-2.14

-1.27

-2.229

3.657

———

-8.911
14

<4

>4

-18.630

-13.345

WM»«4

* Mg44 + 200^ -«.29

k C0~ -2.959

*• C0~ -6.169

^ S0~ -3.769

-1.40

-2.309

-2.60

-2.238

-0.226

-1.512

0.250

-1.268

-O.672

1.602

1.585

+6.10

-13.998

1.00

-17.00

-8.215

-8.24

-4.548

Analytical Expression

(7.) CaHCO4 - Ca44 + VCO~

(8) CaCO° - Ca44 + C0~

(4) MgHCO4 - Mg44 + VCO~

(3) MgCO° - Mg44 + C03"

(18)H2CO° - H4 + HC03

(1) HC0 3 - H4 + C0~

(13) K804 - K4 + 30~

(15) HSO^ - H4 + 30~

°°2 4 *2° " "z^a

(23) CaCO

-Ca44 + CO"

(28) c*s°it (gyfBvm )

« Ca •*• SO.

5 
LogK(T) - 2.95 -

LogK(T) - 27.393 -
7 

LogK(T) - -2.319 +
8

LogK(T) - -.991 -

LogK(T) - 14.8435

LogK(T) - 6.498 -

LogK(T) - -3.106 4

LogK(T) - 5.3505
9 f U

*** *H^C03 - PCO -
2

S
LogK(T) - 13.870 -

12
LogK(T) - -*.6535

.0133T

4114/T - .05617T

1.1056xlO"2T + 2.29812xlO"5T 2

.00667T

- 0.032786T - 3404. 71/T

0.02379T - 2902. 39/T

673. 6/T

- 0.0183412T - 557.2461/T

14.0184 + 0.015264T

+ 2385. 73/T

• 0.04035T - 3059/T

+ 4.545xlO~3T - 1.01x10 TZ

(footnotes, see next page)
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Footnotes to Table JL

I/ Thermochemical data used in the aqueous model, except where 
noted have been taken from the recent compilation of Truesdell 
and Jones (1974). Numbers in parentheses indicate appropriate 
reaction numbers required for optional input of thermochemical 
data.

2/ Standard enthalpy of reaction (Kcal/mole).

3/ Log of equilibrium constant, K, for the reaction at 25 C.

4/ No value of AH is available. The temperature dependence of 
log K has been ignored.

5/ Jacobson and Langmuir (1974).

6/ Reardon and Langmuir (1974).

11 Least squares fit to the data of Siebert (1974).

8/ Siebert (1974).

9/ Harned and Davis (1943).

107 Harned and Scholes (1941).

ll/ Based on the assumption that Y^CO- is unity in C02 saturated

aqueous solutions. The temperature and ionic strength depend­ 
ence of YH~CO.j in the presence of dissolved solids has been

estimated from the solubility of CO- in Nad solutions (Harned 
and Davis, 1943), and is log yH0C0 0 = I (a - bl) where2 3 ~T~

I is ionic strength, T is temperature in °K, a = 33.5 - 0.1099 
+ 0.001492 , and b = 1.5 + 0.0159 - 0.00492 where 9 is temperature 
in °C.

12/ Wigley (1973).
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Table 2—parameters of the Debye^Huckel equation

Major ions

Ca-(l)

Mg^d)
Na+ (3)

K+ (4)

cr<5)

S0~~(6)

HCO~(7)

C0~"(8)

Minor ions

OH~ (24)

MgHCO+dl)

HSO~(22)

NaCO~(17), NaSO~(19), KSO~(20)

CaOH+ (13), CaHCO^(14)

MgOH+ (9)

H+ (23)

&

5.0

5.5

4.0

3.5

3.5

5.0

5.4

5.4

a

3.5

4.0

4.5

5.4

6.0

6.5

b

0.165

.20

.075

.015

,015

-.04

0.0

0.0

Numbers in parentheses are the subscript numbers for the ions ±n KTX2. 

Subscription for the neutral species is as follows: MgCO_(10), >s gSO,(12),

HC1°(27), NaCl°(28), KC1°(29), H SC

2/
a and b values calculated from experimental mean salt single - ion

activity coefficients by Truesdell and Jones (1974).

3/
a values from Kielland (1937); b values set to zero.

-15-



TABLE 3

Two test cases are presented below that serve as examples of 
input data sets for MIX2, and provide output from MIX2 suitable for 
comparison.

Example 1

The first case is that of mixing sea water with a solution 
saturated with calcite at a P _ of 1CT2 atmospheres and 10°C.

L«Urt

After each mixture is solved, the solubility of calcite in the solu­ 
tion is computed. The CaHCO+ ion pair is ignored via the optional

"LOCK" card. The input data set provides for 3 mixtures to be com­ 
puted (10%, 30% and 50% sea water).

Example 2

The second case simulates a proposed closed system reaction 
path in the Floridian aquifer (based upon the field data of Back 
and Hanshaw, 1970). It is assumed that the chemical path of the 
ground water results from the net stoichiometric reaction

starting water + XMIX (Ca 0 , 0Mg rtCft SO. C0_ ) •*• groundwater.873 .059 4 3

+ XMOL

where "starting water" is the Polk City analysis of Back and Hanshaw 
(1970), and XMIX is the moles of the net stoichiometric reaction 
dissolved. A 2 mole percent magnesian calcite is precipitated at 
approximately 2-fold saturation (pK^S^) where XMOL is the number of 
moles of calcite precipitated along the path. Two points along the 
proposed reaction path (XMIX - 10""^ and 10"^ moles) are presented.
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List of data cards for example 1

r i
1 3 

l.OOOD 00 
l.OOOD 01 3.0000 01

SOLUTION NUMBER
1.0000 01 7.3350 00 
2.16600D-03 

LOOK 7-3.000000 01

l.OOOD-03 1.0000-00 5.0000-01 

GOOD 01 

0000 00 400 4.86028D-03

l.OOOD 00-8.359D 00

SEA WATER SOLUTION NUtfRER 2 DRYSSE* AND WEOBCRQ (] 974 ) 35 PPT. C l_* 1 <«• 3 74PF T 
1.0000 01 8.1500 00 l.OOOD 00 400 2.368200-03
1.066000-02 5.508000-02 4.846300-01 1.058000-02 5.657200-01 2.926000-02 

LOGK 7-3.000000 01

List of data cards for example 2

000200110 2 
0.6730 00 0,0590 00 
0.9800 00 0.0200 00 
1.0000-03 1.0000-02
SIMULATION OF CENTRAL FLORIDA GROUND tuATER CHEMISTRY, 

2.5000 01 8.0000 00 l.OOOD 00 400 1.270000-04 
8.400000-04 2.300000-04 1.390000-04 1.300000-04 2.500000-04 2.10000D-03

1.0000-03 1.0000-08 5.0000-01
0.0930 00 0.907H 00

1.0000 00-8.2000 00

START
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TABLE 4 PROGRAM LISTING
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c
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c
c

PROGRAM
*RITTEiM

MIX* AA jO
BY L.N. PLUMMtR, D. PAKNHORST. AND D.R. KOSIUR. AA 20

COMPLETED SEPTEMbtR l97b. AA 30
AA 40

*** DESCRIPTION OF INPUT *»* AA 50

CAHD 1

IOPT1

IOPF2

IOPT3
IOPT4

IOPT5

IOPT6

loprtt

IOPT9

IOPT10

NMIX

vu

CLOSE

HCLOSE

STPSIZ

AA 60
1UPT1,IOPT2,IOPT3,IOPT4,1UPT5,IOPT6,IOPT8,IOPT9,IOPT10. AA 70
NMIX, VO, CLOSE, HCLOSE, STPSIZ (91 1 , 1S>,4U10.3) AA 80
= 0 PRINTS THERMOCHEMKAL DATA, = 1 QMITS PRINT OF AA 90

OF THERMOCHEMICAL DATA. AA loo
= 0 PRINTS CoNVERGENENct ITERATIONS ON CHLORIDE, » 1 TO AA 110

OMIT PHIHT. AA 12Q
= U PRINTS CONVERGENCE IT£R A TIONS ON PH, * 1 TO OMIT PHT.AA 130
= 0 IF SOLUTION 1 IS TO d£ MIXED WITH SOLUTION 2 IN A AA 140

FIXED VOLUME SYbTEM. * 1 IP SOLUTION d IS TO BE AA 150
T1TRA"UU INTO SOLUTION i, VO MUST BE SPECIFIED* «2 IF AA 160
ANr NET bTolCHIOMETRIC REACTION IS TO 8E ADDED TO OR AA 170
REMOVtD FROM SOLUTION. AA 180

- u PRINTS SUMMARY OF TURATION PH CURVE (IF iopT4si>. AA 190
« 1 OMITS SUMMARY OF PH TITRATION CURVE. AA 200

= 0 HOOTS AKE FOUND BY SCANNING, LINEAR, AND PARABOLIC AA 210
APPROXIMATION. AA 220

= 1 ROOTS* AKE FOUND BY SCANNING AND INTERVAL HALVING, AA 230
NOTE THAT IOPT6=0 IS biGNIF ICANTLY FASTER THAN IOPT6=1.AA 240

= 0 IF NO PHASE POUNDAKY IS TO BE FOLLOWED. = 1 IF ONE AA 250
PHASE BOUNDARY is TO BE FOLLOWED. AA 260

= o, PHASE BOUNDARY WILL BE FOLLOWED AT ALL TIMES (OPE.'* AA 270
SYSTEM OH MCH), PROVIDED IOPTtt=l. =1, PHASE BOUNDARY AA 280
WILL bE FOLLOWED IF SOLUTION SUPERSATURATES WITH AA 290
SPECIf-IEu PHASE (PHAS 1 1 ) ,KPHAS } , PROVIDED IOPT8-1. AA 300
THUS, U IOPT9=0, THE SPECIFIED MINERAL WILL EITHER AA 310
UISSOLVt OR PRECIPITATE J N MAINTAINING EQUILIBRIUM. IFAA 320
tuoAL TO i, THE MINEHML WILL PRECIPITATE ONLY IN AA 330
MAINTAINING SI=KPHAS. AA 340

= 0 PRINTS CONvERGENCt ITERATIONS ON PHASE BOUNDARY AA 350
SEARCH (if 1UPT8=1). =1 OMITS PRINT. AA 360

= IOTAL NUMdtR OF MlXTUKtS TO BE MADE OR TOTAL NUMBER OF AA 370
TITKATIUIM AUDITIONS ( OF DEFINED SOLN. 1 AND SOLN. 2)» AA 380
OR TOTAL NUMBER OF ADDITIONS OR REMOVALS OF A NET AA 390
STOlCHiOMETHlC REACTION IF IOPT4=2. AA 400

= JN1TIAL VOLUME OF SYbTtM IF IOPT4 = 1, OTHERWISE LEAVE AA 410
VO 6LAi^. IF IOPT4=1, VO MUST BE GREATER THAN ZERO ANDAA 420
HAVE THt SAME UNITS AS X*IX(I). AA 430

= ABSOLUTt VALUE OF SI DESIRED IN FOLLOWING PHASE AA 440
tfOUNDAHY. REASONABLE VALUE IS O.OOl. LEAVE BLANK IF AA 450
iOPTH Nt. 1. AA 460

= hACTOK THAT IS MULTIPLIED TIMES THE ELECTRICAL BALANCE AA 470
TO DETERMINE THE CLOSURE ON MASS BALANCE. 1. 00-08 IS AA 480
REASONABLE. IF THE ELECTRICAL BALANCE IS l.OD-04, AA 490
CUNVENbtNCt ON MASS BALANCE WOULD BE TO 1. 00-12 FOR AA 500
HCOLSt OF 1.00-08. ALL INITIAL SOLUTIONS CONVERGE TO AA 510
l.OD-lb REGARDLESS OF THE VALUE OF HCLOSE. LARGER AA 520
VALUES OF HCLOSE DECREASE THE TIME FOR CONVERGENCE ON AA 530
MASS BALANCE, AND INCREASE THE ERROR ON SPECIATION. AA 540

= FACTOR THAT is MULTIPLIED TI^ES THE TOTAL LIMITING AA 550
CONCENTRATION OF SPECIES IN THE PHASE-BOUNDARY MINERAL AA 560
I-MOHOtK TO DETERMINE THE STEP SIZE IN SEARCHING FOR THEAA 570
PHASE BOUNDARY. STPSIZ MUST BE GREATER THAN 0.0 AND AA 580
LESS TrtA-i 1.0. VALUES OF O.b TO 0.9 ARE REASONABLE. AA 590
LARGER VALUES OF STPSIZ USUALLY INCREASE THE SPEED OF A A 600
CONVERGENCE ON SATURATION. AA 610
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CARD 2 COEF(I),1 = 1,7 (dOlO.J) AA
COEF(I)= STUICHlUMtTRIC COEFFICIENTS OF THE NET REACTION AA

BEING ADDED TO OR REMOVED FROM SOLUTION. OMIT CARD 2 AA
IF IOHT4 NE. 2. ORDER IS CA»M6»NA»K»CL»S04»C03. AA

CARD 3 (PHAS(I)«I=I»7)»KPHAS <8D10.J) AA
PHAS(1)= STOICHIOMETRIC COEFFICIENTS OF THE MINERAL FOR AA

*HICH THt PHASF BOUNDARY IS TO BE FOLLOWED. ORDER IS AA
CA,i1G,NA,*,CL»S04,COJ. OMIT CARD 3 IF IOPT8 NE.l AA

KPHAS a Trit LOG OF THE KUUILibRlUM CONSTANT F"OR THE MINERAL AA
PhAS(l)» WRITTEN IN TERMS OF MINERAL = IONS, WHERE AA
IONS ARE CA + + »MG+«-»NA+»K+»CL-»S04— * AND C03«. AA

CAHD 4 XMIX(l) I*1»NMIX (8D1U.3) AA
XMIX(1)= PERCENT OF SOLUTION 2 10 BE MIXED WITH SOLUTION 1» IF AA

10PT4=0, n IOPT4=1» AMIX IS THE VOLUME OF SOLUTION 2 AA
(SAME UNlTb AS VO) TO tit ADDED TO SOLUTION 1. IF IOPT4 AA
=2. XMlA IS THE TOTAL NUMBER OF MOLES OF THE NET AA
REACTION (COtF(l)) TO BE ADDED TO THt SOLUTION, FOR AA
EACH DtSlRtD POINT ALONG THE PROPOSED REACTION PATH. AA
AH1X(1) IS NtGATIVE IF THE REACTION IS TO BE REMOVED. AA
NMIA VALUES OF AMlX(i) ARE READ. IK NMIX IS ZERO, OMITAA 
CAHD 4. AA

CAHD b TITLE 120A4) AA
CARD 0 TEMP,PH,UtNS,FLAG.IHOLL)»IOPT7»CUNITS(5> • AA

(3DlU.J,lA»Jli,lX,Ol2.b) AA
TEMP = lEMPERMTuKh IN DEGRtEb C. THE TEMPtRATURE OF MIXTURES AA

IS ESTIMATED LINEARLY FROM THE END MEMBER TEMPERATURES AA
AND ALL CONSTANTS AND THERMODYNAMIC DATA ARE RECOMPUTEDAA
iF TEMP UK SOLN l.NE.TEMP OF SOLN 2. AA

PH = NtGATIVE LOG ACTIVITY H*. AA
DENS = DENSITY UF SOLUTION (v»/CC) AA
FLAG = SIGNAL FUR UNITS OF INPUT CONCENTRATION. I«MEQ/L» AA

2=HG/L, J=»PM, 4=MOLALITY. AA
IHOLD = SIGNAL osto TO HOLD A PREVIOOS ENDWEMBER SOLUTION AA

uUNSTMNT OIM SUCCESSIVE MIXING OR TITRATING CASES. AA
iriULO MUST bE ZERO FOR THE FIRST 2 ENDMEMBER SOLUTIONS AA 
INPUT. ON ADDITIONAL MjxiNG CASES, IHOLD MAY BE 0,1,ORAA 
2. IK IMOLD=O, 2 N£W ENDMEMBER SOLUTIONS ARE READ IN. AA 
IF IMOLD=1, THF PREVIOUS DEFINED SOLUTION 1 IS SAVED AA 
AND SOLUTION 2 is REDC.FINED BY INPUT. THE OPPOSITE is AA
THUt IF iH(JLU = ?. AA
u IK CHLORIDE ow POTASSIUM ARt TO BE ADDED TO THE AA 
INITIAL SOLUTION FOH CHARGE BALANCE. = i IF THE PH AA 
OF THE INITIAL SOLUTION is TO BE ADJUSTED FOR CHARGE AA

AA
AA 
AA 
AA 
AA 
AA 
AA 
AA

FOR ADDITIONAL CAStb, REPEAT CARbS 1-12 IF IHOLD=0, OR 1-8 IF AA 
IHOLD = 1 OR 2. AA 

... OPTIONAL INPUT ... (A4,lX,5(I3,D12.5)) AA 
ADDITIONAL INPUT IS OPTIONAL AND APPEARS BETWEEN CARDS 7 AND ft ANDAA
(IF IHOLD=O) CARDS n AND 12. AA
THE CONCENTRATIONS «F INDIVIDUAL IONS AND ION PAIRS CAN BE INPUT AA 
ON OPTIONAL CONC CARDS. THESE VALUES ARE SUMMED WITH THE PREVIOUSAA 
READ CUNITS(1)-CUN1TS(7) VALUES. THIS PRECEDUHE IS USEFUL AA 
PARTICULARLY FOR THt CARBONATE SPECIES. AA 
TK-ERMOOYNAMic DATA IN THE PROGRAM MAY BE CHANGED ON APPROPRIATE AA

CUNlTS(b) = TOTAL CONCENTRATION OF CHLORIDE IN SOLUTION. 
CARD 7

CARD d

CUNirS(l), CUNITS(2), LUNlTS (3) » CUNITS(4), CUNITS(6), 
CUNiTS(7) (oD12.b) TOTAL CONCENTRATIONS OF CA,MG,NA» 
K,S04,ANU C02 (IN ORDER) IN INITIAL SOLUTION. 
bLANK CAKU

CAHD 9 - lei ktHEAl CARDS F. - 8 FUH SOLUTION 2, IF IOPT4*0 OR 1.

<HS 1-12 IF IHOLD=0, OR 1-8 IF

620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
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C OPTION CAHUb. DtLH CAHDS ARE UbtU TO CHANGE UELTA H OF REACTION. AA 1230 
C TABL CrtHUb CAN CHANoE LOG K OF HEACTION AT 25 DEGREES Ct AND LOGK AA 1240
c CAHDS CAN CHANGE TEMPtHATuRE CORH&CTED LOG K VALUES. SEE THE AA 1250
C *HITEUP FUH INFOHMAIION ON OPTIONAL INPUT, AA 1260
C IF OPTIONAL rHtkriOOlTNAMIC DATA AKt INPUT FOR SOLUTION It THE SAME AA 1270
C OPTIONAL DATA MUbT at HEAD FOH bULUTION 2. AA 1280
C ThE LAbT CAHl) IIM THE DATA STREAM FOR EACH bOLUHuN DEFINED MUST AA 1290
C bt BLANK, wntTHEH OPTION CAHDS A*t USED OR NOT. AA 1300
C AA 1310

IMPLICIT HtAL*a(A-h,0-Z) AA 1320
1 INTEGER D»E.OD,LlbTl (b) .LCHEM40) ,FLAG,SIG1,SIG2,LIST2{10) tSIG3tSIAA 1330

lG4,SIGbtblGb,HbIT AA 1340
DOUBLE PHtCJSION R'l (30 ) .LOGKT (3U ) »LOGKTO (30 ) ,LH<>0 ,MUHALF,MU,KW .KPHAA 1350
1AS»M1 (30) ,MiJTUT,KTOT »NATOT *NSPEC (JO ) tNHEACT(30) tNTOT(7) A A 1360
OlMENblUN CuEF(7)f HHAb(7). VALU(/)t XNT(7)t AH(30)t UUM1(100)» X4AA 1370

1(d) AA 1380
COMMON /A/ GKAMS(JO) tCUiM!TS(30) tUh(30) tL)HA(30) *GFW(30) tXLMI (30) »XLAA 1390
1ALFA(30)tXLOAM(jO)t^(30)tKTtLOGKT*LH20tMUtMUHALFtKW.CLTOTtPHtELECTAA 1400
2 .1^1. GAMMA (30) »M (tf) fX£(8) «CATO T .M^TOT .NATOT tKTOT tXMIX (100 ) »C02TUTt AA 1410
3bU4TOT,bl,b«SS3, Ffcb F 1 , T£ST21 TEbT J.LOGKTOt TEMP.UENSt A »Bt TENPH, AH20, AA U20
4CltClSAVEtEHMAN,EPMLArtCEPMAN,CEHMCTtT.TltT2.ALFA(30).NSPECtHCLOSEAA 1430
S»NTOT.X3(d) ».MREACr f TlTL(2n) »1).E,UJ,LIST1 .LCHEK »LIST2t iHOLDt IOPT1, IAA 1440
60HT2,IOH13tiMSTEPtlMlXtHBlT».>lltiChtCKf IDATtIOPT7tlTEMPtISIG(9) .ITERAA 1450
I^AT-0 AA 1 460
° s ^0 AA 1470
t=3 ° AA 1480
OC=L) + 1 AA 1490

10 CONTINUE AA 1500
HEAD (5,660.END=600) IOPT1.IOHT2.iOPT3tIOPT4tIOPT5,lOPTbtIOPT8tlOPAA 1510

AA 1520 
AA 1530
AA
AA
AA 1560
AA 1570 
AA 1 580

IF (IOPT4.Ey.<i) bU TO 20 AA 1590
GC TO JO AA 1 600

20 CONTINUE AA 161Q
HEAD b70t (CuEF(l),i=i,n AA 1 620

30 CCNTINUL AA
IF (IOPTW.EU.1) bO Tu <fO AA
oO TO bO AA 1650

40 CONTINUE AA 166Q 
HEAD 6/0* (HHAb(l)*i=l,7),KPHAb AA 1 670

50 CCNTlNUt AA 1680
IF (NMlA.Eu.O) bU To 60 AA 1590 
HEAD 670* (AMlX(I)*I=1,NMJX) AA 1700

60 CONTINUE AA
CALL PHEP AA
CALL SET H
CALL bETl(bibi,Slb^»bIb3) AA 1 740
CALL SETl(blb4*SIbb»bIGb) AA 1 750
*"OL-OUO AA 1760
ILOOK=0 AA
1PASS=0 AA
IPHAS^O AA
UO 70 1=1,9 AA 1800
ISIG(I)=0 AA 181Q

70 CONTINUE AA 18 * 0
80 CONTINUE AA 1Q30
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BEGIN MASS BALANCE LOOP AA 1840
CALL MODEL AA 1850
IF (N1.LE.4) ICHtCKal AA i860
IF (N1.GT.80) GO TO *o AA 1870
IF (ITER.EU.bU) bO TO 110 AA 1880
IF (ICHECK.tU.l) bO TO 80 AA 1890

90 ITERalTER*! AA 1900
DO 100 I = ltV AA 1910
ISIG(I)=0 AA 1920

100 CONTINUE AA 1930
IF (NSTEP.Nt.O) GO TO 220 AA 1940
IF (NSTEP.EU.O.AND.IPASS.FU.l) GO TO 220 AA i960 
BEGIN CHARGE BALANCt LOOP ON INITIAL SOLUTION. AA 1960
IF (ELECT.GT.O.000.AND.ITER.EG.1) IBALNC=0 AA 1970
IF (ELECT.LT.O.ODO.AND.ITER.EQ.D IBALNC=1 AA 1980
IF (IOPT2.Ey.l) 60 TO 120 AA 1990

110 PRINT 690t lTfcR,TESTl,TEST2»TESTJtELECT,Nl AA 2000
IF (ITER.GE.bO) uO TO 590 AA HolO

120 CONTINUE. AA 2020
IF (DABS(tLtCT).LT.1.0-15) GO TO 290 AA 2030
IF (IOPT7.EW.1) GO TO 150 AA 2040 
IF (SIGI.EU.O.ANO.SIG^.EQ.O) XINT*DABS(ELECT) AA 2050
IF (IBALNC.EU.l) GO TO 180 AA 2060
IF (IOPTb.Ey.1) GO TO 130 AA 2070
IF (SIG3.GE.1) GO TO 1*0 AA 2080

130 CONTINUE AA 2090
CALL ZERO(CLTOT,ELECT,XlNT»SI6ltblG2tSlG3,IOPT6,OtPI»P2.SAVPtEl»E2AA 2100

1) AA 2110
GO TO 210 AA 2120

140 CALL PARBOL(SIG3»PltEl.P2,E2tPMiUtEMID»CLTOT,ELECT) AA 2130
GO TO 210 AA 2140

150 CONTINUE AA 2150
IF (SIG1.EU.O.AND.SIG2.EQ.O) XlnT=0.5DO AA 2160
IF (IOPTb.EU.1) (JO TU 160 AA 2170
IF (SIG3.GE.1) GO TU 170 AA 2180

160 CONTINUE AA 2190 
CALL ZERO(PN,ELECTtXlNT«SI61*SlG2«SlG3tlOPT6«0*Pl»P2«SAVP«El*E2> AA 2200
GO TO 210 AA 2210

170 CALL PARBOL(SlG3»Plttl,P2,E2.PMlU,EMID,PH,ELECT) AA 2220
GO TO 210 AA 2230

180 CONTINUE AA 2240
IF (IOPI6.EU.1) bU TO 190 AA 2250
IF (SIG3.GE.1) GU TO 2UO AA 2260

190 CONTINUE AA 2270 
CALL ZEHO(KToT«ELECT«XltNT,SlGl»bi<02»SIG3»IOPT6»ltPl«P2*SAVP»EltE2)AA 2280
GO TO 210 AA 2290

200 CALL PARBOL(SIG3tPl*bl»P2*E2«PMID«EMID*KTOTtELfc.CT) AA 2300
210 CONTINUE AA 2310

ISAV = ntH AA 2320
CALL SE1 AA 2330
ITtKaiSAV AA 2340
GO TO 80 AA 2350

220 CONTINUE AA 2360
FIND PH FOLLOWING REACTION PROGRESS. AA 2370
ELECTRO.DO AA 2380
DO 230 1=1tD AA 2390
ELECTsELECT*Z(I)*MI(I> AA 2400

230 CONTINUE AA 2410
IPHsIPH*! AA 2420
IF (IPH.GE.50) GO TO 600 AA 2430
IF (ILOOK.EU.I.OK.IPASS.EO.I) GO To 240 AA 2440
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IF <IOPT3.E«.0) PHINT 700. NSTEPtIPHtPHtELECT.TESTltTEST2tTEST3tNlAA

240
250

260

270
280

290

300

310

320

330

340

350

60 TO 2bO
IF (IOPTIO.E^.0) PRINT 620t IPHtPM.ELECTt TEST1 »TEST2tTEST3t Nl
CONTINUE
IF (DABS(ELtCT) .LT.i.D-lb) 60 TO 290
XINT*0.2UO
IF UPH.GE.2.AND.SIGJ.EU.O) XINT*l.DO
IF UPASb.Etf.l) Xlwr=l.DO
IF (lPASb.EU.l.ANU.blG6.GE.2) XlNTxQ»2DO
SAVPHsPn
IF (IOPTb.EW.1) GO TU <>kQ
IF (SIG3.GL.1) GO Tu 270
CONTINUE
CALL ZERO(PH,LLECT»AlivT,SlGltSIG2»SlG3tIOPTbtO»PlfP2tSAVP»El«E2)
GC TO 200
CALL PARdOL(SIG3»Pl»El,P2,E2.PMIUtEMID.PH, ELECT)
CONTINUE
IF (DABS(SAVPH-ph) ,i_t.2.00-04) GO TO <J90
CALL SET
GC TO dU
CONTINUE
ITLH = 0
IPH=0
END OF MAbb AND CHARGE BALANCE LUUPS.
IF (IPASS.LU.1.GK.ILUOK.EG.1) GU TO 320
IF (NSTtP.Nt.O) UUMl (NSTEP)sPH
CALL PRINT
IF (iHOLD.EU.^.OK.lMiX.tU.l) GO TO 300
IF (IHOLu.EU.i.O«»lMIx.ta.2) GU TU 310
GO TO 320
CALL SAVt (XitCATUTfMGTUT»NATOTfK!OT.CLTOT.S04TOTfC02TOT)
PHSAVt=PH
GO TO 3i!0
CALL SAVt (X<f,CATOr»MGTOT»hiATOT»KTOT»CLTOTfS04TOTfC02TOT)
IF (UAfc)S(Tl-T2) .uT.0.00100) ITtMH=l
CONTINUE
IF (lOPTB.tu.i) GU TU 330
GC TO bUO
CUNTINUt
IF (NSTEP.EO.U.ANU.NMIA.NE.O) GU TO 500
BtGIN PHASt dUUNUARY SEARCH.
iF (IPHAb.t«.0) fcU FU 340
GO TO 3t»0
CONTINUE
IF (IOPTlU.tU.0) PRINT 630
CALL StTi (SlG4»blGb»bIG6)
CALL SAVt (X3»CATOT.MGTOT*NATOT»KTUT»CLTOT,S04TOTfC02TOT)
CONTINUE

360

SLMsOOO
ILOOK=0
00 360
VALU(I)=O.UU
IF (ALFA(I) .GT.O.UU) VALU ( I ) sPrlAS ( I ) *OLOG10 ( ALF A ( I ) )
IF (PHASt I) .NE.O.UUU.AND.ALFA(I) •«-£. 0.000) ILQOK*!
bLM=SUM+VALU(I)
CONTINUE
VALU(7)=O.UO
IF (ALFA(d) .GT.U.OO) VALU { 7) sPHAb (7 ) *DLOG10 ( ALFA (8) )
IF (PHAb( H .NE.O.UOU.ANO.ALFAt H .i-E.O.OUO)

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
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SLM»SUM*VALU(7) AA 3060
IF (SUM.EU.0.0DO.OH.ILOOK.EQ.1) SUM»-1.0D1*KPHAS . AA 3070
SI»SUM-KPHAS AA 3080
CALL SAVE(X4,CATOT.MGTOT.NATOT.KTOT.CLTOTfS04TOTfC02TOT) AA 3090
IF (DABS(SU.LT.CLOSE) GO TO 460 AA 3100
IF (IPHAS.ttT.U) GO TO 370 AA 3110
IF (SI.LT.0.000.AND.IQPT9.EQ.1) GQ TO 500 AA 3120

370 CONTINUE AA 3130
IF ULOOK.EQ.l) GO TO 430 AA 3140
IF (SIGb.EQ.b) GO TO 380 AA 3150
GO TO 390 AA 3160

380 CONTINUE AA 3170
IF (SI1»SIMIO.LT.0.000) XMOL*(XMOL1*XMID)/2.0DO AA 3180
IF (SI2»S»IMiO.LT.0.000) XMOL*(XMOL2*XMID)/2.000 AA 3190
PHESTP=STPSiZ AA 3200
STPSIZ=STPSSZ/3.0UO AA 3210
PRINT 610. PRESTP.STPSIZ AA 3220
CALL SETKSJ64.SIG5.SIG6) AA 3230

390 CONTINUE AA 3240
IF (SIG6.GT.O) GO TO 410 AA 3250
00 400 1=1.7 AA 3260
XNT(I>sloO.UO AA 3270
IF (PHAS(I).GT.O.UO) XNT(I)»X4(I)/PHAS(I) AA 3280

400 CONTINUE AA 3290
SIZE=OMIN1(XNT(1).XNT(2).XNT(3).XNT(4)»XNT(5).XNT(6)tXNT<7)) AA 3300
SIZE=SIZE»STPSIZ AA 3310

410 CONTINUE AA 3320
IF (IOPTo.EMl.1) GO TO 420 AA 3330
IF (SIG6.GE.1) GO TO 440 AA 3340

420 CONTINUE AA 3350
CALL ZEKO(XMOL.Sl»blZE.SlG4»SIG5.SlG6»lOPT6»l,XMOLl»XMOL2tSAVML»SIAA 3360
H.SI2) AA 3370
IPASSM AA 3380
CALL STEP(CATOT,MGTOT,C02TOT.S04TOT»CLTOT.NATOT»KTOT»X3»X2»XMIX»NSAA 3390
lTEP,2.VO.U,T2,TtMP,PHAS,XMOL»IOPT8»IPASS) AA 3400
GO TO 4bO AA 3410

430 CONTINUE AA 3420
XMOL=1.00-03 AA 3430
IPASS=1 AA 3440
CALL STEP(CATOT,MGTOT,C02TOT.S04TOT.CLTOT t NATOTtKTOT.X3.X2.XMIXtNSAA 3450
lTEP»2tVO»TltT2tTEMPtPHAS(XMOL*IOPT8tIPASS) AA 3460
IPASS*0 AA 3470
GO TO 4bO AA 3480

440 CONTINUE AA 3490
CALL PAKbOL(SIG6tXMOLl»SIl»XMOL<!tSl2tXMlOtSIMlU*XMOL*SI) AA 3500
IF (XMOL.LT.XMUL1.0H.XMOL.GT.XHOL2) GO TO 380 AA 3510
CALL STEP(CATOT,MGToT,C02TOT.S04TOT»CLTOT,NATOT.KTOTtX3.X2»XMIXtNSAA 3520
1TEP,2.VO.T1»T2.TEMP.PHAS.XMOL.IOPT8.IPASS) AA 3530

450 CONTINUE AA 3540
NSTEP=NST£P-i AA 3550
IPHASsIPHAS+1 AA 3560
IF (lOPTlO.EU.O) PHiNT 640. IPHAb.XMOLtSI.PH AA 3570
IF (IPHAS.GT.30) PHINT 810 AA 3580
IF (IPHAS.GT.30) GO TO 470 AA 3590
IPhsO AA 3600
CALL SET AA 3610
CALL SETHSiGltSIG£.SIG3> AA 3620
GO TO t*0 AA 3630

460 PHINT 650 AA 3640
470 PHINT 800. XMOL,(PHAS(I)*I»l,7) AA 3650

CALL SETHSiGl.SId.SlG3) AA 3660
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ITER-0 AA 3670
Nl=0 AA 3680
IHASS-U AA 3690
END OF PHASE BOUNUAHY LOOP. AA 3700
00 480 I=l»7 AA 3710
GRAMS(I)sMI m*6F*U> AA 3720
XLMI(I)=OUO AA 3730
IF (MI(I).GT.ODO) XLMJ (I)=DLOG1U(HI (I) ) AA 3740

480 CONTINUE AA 3750
PRINT 770 . AA 3760 
CALL SAVEU3.CATUTtMGTOT.NATOTtKTOT»CLTOTtS04TOT.C02TOT» AA 3770
DO 490 1*1.7 AA 3780 
PRINT 780> HTOT(I) t^(I) ,X3(I)«XLMi(n,GRAMS(I) AA 3790

490 CONTINUE AA 3800
CALL PRINT AA 3810

500 CONTINUE AA 3820
STPSU=STPSAV AA 3830
IPHASsO AA 3840
IhOLU'O AA 3850
IF (IUPT4.EU.2.ANU.1M1A.EQ.1) iMlXaQ AA 3860
IF (IOPT4.EJ.2) GO TU b30 AA 3870
IF (IMIA.EU.I.ANU.N.IIX.GT.O) GU IU 60 AA 3880
IF (IMIA.EU.2) IMIA=0 AA 3890
IF (NSTEP.EW.NMIA.AND.IUPT4.E0..1) GO TO 510 AA 3900
GO TO 530 AA 3910

510 CONTINUE AA 3920
IF <IOPT4.EU.O.OR.IOPTb.EQ.l) GO fO 10 AA 3930
PRIN1 7lUt VO AA 3940
VCUMsO.ODU AA 3950
PRINT 720* VUUM.HHbAVE AA 3960
DO 520 ItfltKNMIX AA 3970
PRINT 720t AMIX(I).UUMl(I) AA 3980

520 CONTINUE AA 3990
GO TO 10 AA 4000

530 CONTINUE AA 4010
IF (NSTEP.EW.NMIA) 00 TO )0 AA *020 
COMPUTE MASS CUMPUSiTlUN FOR OESIHED REACTION PROGRESS. AA *030 
CALL STEP(CATOT,MGTUT,C02TOTtS04TOT.CLTOTtNATOTtKTOTiXliX2tXMIXiNSAA *040
lTEP f IOPT*,VO,ri,T«i.T£MP,COEF.XNOLtIOPT8«0) AA 4050
AKOLsO.OUO AA ^060
IF (ITEMP.EQ.1.ANU.IOPT4.NE.2) GO TO 540 AA 4070
GO TO 550 AA *080

540 CALL PHEP AA *090
550 CONTINUE AA MOO

AMIXsl.Od-AMIA(NSTEP) AA 4UO
PHINT bdO AA ^120 
IF (IOPT4.EW.O) PKINT 7^0, iMSTEPtAMIX.XMIX (NSTEP) AA *130 
IF (IOPT4.EU.1) PHIixT 7bO, NSTEPt vbtXMIX (NSTEP) AA *140
IF (IOPT4.EW.2) PHI^T 790 AA M50 
IF (IOPT4.EU.2) PRINT ttOO. XMIA(NSTtP)»(COEF(I)t1=1,7) AA ^160
IF (NSTEP.E«,l) PHsPHSAVE AA *170
CALL SETl(SiGltSI02*bIG3) AA *180
CALL SET AA *190
EPMCAT=(NATUT*KTOT*iJ.DO*(CATOT*MGTOT))»lD3 AA
EPMAN=(CLTOT*C02TOT*2.UO*S04TOT)*1D3 AA
DC 560 1*1.7 AA *220
GRAMS(I)sMI(I)«GFw(l) AA 4230
ALMI (I.)=OUO AA ^240
IF (MI(I).GT.ODO) XLMl(I) =OLOGIO(MI(I)) AA^250

560 CONTINUE AA 4260 
CALL SAVE(X3.CATOT»MGTOT,NATOTtKTOTiCLTOTiS04TOT,C02TOT) AA
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	*A00 570 1=1,7 AA 

570 Si?™™' NTOT(I) ^ <I) ' X3(I) '^i 'I), 6KAMS(I) JJ

IF (IOPT3.EU.1) GO TO bttO JA
PRINT 730 AA

580 CONTINUE AA *330

IF (IOPT3.E«.i) PRINT 680 *A !«J
IPASSsO AA *350

° 60 TTON8 T ° MM" AN° CMARGE BALANCt LOOPS AA 4370

590 PHINT 760, Wl.ITEK AA J3JJ
600 CONTINUE AA 39°

C END OF PRUttHAM AA J400
STOP AA **1°

C AA 4420
C AA 4430

™E PHESENT VALUE QF STPSIZ C.F5.2,., ISUSEO -
ON PHASt BOUNDARY —— • ,23X, .-,CONVEAA 480

640 FORMAT (bX, 13,3 (2X.U10.3) )

.
670 FORMAT (8D10.J) AA 454° 
680 FOHMAT (//) AA 4550

:•»
=•

800 rOWAT ««.»JZ.5.' "OLM OF CA (. .K5.3. . )M6 ,, , F5 . 3 , ., N4 „.„.,.„„ ,*J *JJ«'"su* ( " F5 - 3 "' co-j "' Fs - 3 " 1 M«« ̂  «oi «
.EM) AA 4820

SUBROUTINE PREP AA 4830
IWPLICIT HtAL»8(A-H,0-2) 8B 10
INTEfaER'SIGh»(2),lUH(30),lKTO(30),JlKT(30).»hTT BB 20

II
BB 50

-54-



DOUBLE PRECISION KT(30)tLOGKT(30)tL06KTO(30)»LH20»HUHALF»HUtKW»KPHBB 60
1AS.MK30) .M«TOT,MOr»NATOT»NSPtC(JO) .N«EACT(30) tNTOT(7) BB 70
DIMENSION COEF(7)» PHAb(7)» VALU(7), XNT(7). AP(30)» DUMK100)* VABB 80
1L<5) BB 90

COMMON /A/ ««AMS(30),»CUNITS(30) tUNOO) .OHA(30)»tiFW(30)»XLMI<30) »XLBB 100
1ALFACJO) ,XLtoAM(3U) *^(30) ,KT»LObKT»LH20»MU»MUHALF.K*»CLTOT*PM»ELECTBB 110
2,HI,GAMMA (JU) »XI («) »X2(8) ,CATOT,M<jTOT»NATOT»KTOT»XMIX < 100) tC02TOT»BB 120
3S04TOT.Sl,S«!,S3*TESTl,TEST2*TEST3»LOGKTO*TEMP,DENS»AtB»TENPH»AH20»BB 130
4Ci,ClSAVEtEPMAN,£PMCAT.CEPMAN,CEPMCT.T»Tl»T2»ALFA(30>.NSPECfHCLOSEBB 140
5,NToT.A3(d)»NKEACT,TITL(20)»D.E.DO,LIST1,LCHEK.LIST2»IHOLD»IOPT1.IBB 150
60PT2.IOPTJ.NSTEP.lMlX,HbITtNliICHECK.IUAT.IOPT7.ITEMP»ISlG(9).ITERBB 160
DATA CAKD/»CONC»»'OELH»,»TA«iL» » »LCGK» f » */ BB 170
DATA SIGN/* »••«»/ 88 180
IF (NSTEP.NE.O) bO TO 170 BB 190
Cs2.30258bO*^00 BB 200
HM.987190-03 BB 210
ISTAH=U BB 220
1HKT=0 BB 230
OC 10 1=1.t . BB 240
10H(I)=SIGN(l) BB 250
IKTO(I)=SIGNU) BB 260
IKT(I)=SIGN(1) BB 270

10 CONTINUE: BB 280
HEAD SOLUTION DATA BB 290
HEAD 360* TiTL BB 300
ItfIX-InlX+1 BB 310
00 20 1=1*0 BB 320
CONITS(1)=OUO BB 330
ALFA(1)=OUO BB 340
M1(I)=OUU BB 350
XLMI(I)=uL)U BB 360

20 CONTINUE. BB 370
HEAD 370. TtMH,PHtUtNS»FLAG.IHULO»lOPT7tCUNITS<7) BB 380
HEAD 380, C NITS(l)fCUNITS<2> »CU.mS(3> tCUNlTS<4) .CUNITS(5).CUNITSBB 390

1(6) BB 400
HEAO OPTIONAL CONCtNTHAT ION INPUT BB 410

30 HEAD 390* »OHU,(INl (I) , VAL(I)»I s !»5) BB 420
IF (MONO.E(<l*CAHO(b) .OK.WORD,UE.CAKD(l) ) GO TO £>0 BB 430
OC 40 1=1.5 BB 440
IF (INT(I).EU.O) GO TO fO BB 450
CLNlTS(lNT(i))=VAL(I) BB 460

40 CONTINUE BB 470
GO TO 30 BB 480

50 CONTINUE BB 490
IF (IHOLD.EU.l) JHULU=2 BB 500
IF (IHOLU.Ey.c!) JHOi.D=l BB 510
IF (IHOLO.NE.U) 1PKT=1 BB 520
IF (IHOLU.Nb.U) IMU=^ BB 530
CONCERT CONCENTHATIUN UiMlTS TO MOLALITY BB 540
IF (KLAO.iME.l) GO Tu 70 BB 550
00 bO 1=1*0 BB 560
IF (Z(I).LT.OUO) 113-1.00«Z(I> BB 570
IF (2(1).EU.000) ^1=1.00 BB 580
IF (i(l) .OT.OOO) 41=Z(I) BB 590
CLNITS(I)=CUNITS(I)»GK*(I)/Z1 BB 600

60 CONTINUE BB 610
FLAG=2 BB 620

70 CONTINUE BB 630
IF <FL*G.Nt.2) 60 TO 9U BB 640
00 80 1=1*0 BB 650
CUNITS(I)=CUNITS(I)/OENS BB 660
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S04TOT*MI <6**MI <12)*MI ( 16) *MI ( 19) *MI (20) +MI (22> *Hl<25) *MI (30)
CALL SAVE(X3,CATUT,MGTOT,NATOT,KTUTtCLTOT,S04TOTfC02TOT)
SET OPTIONAL DELTA H OF REACTION OATA 

200 IF (WORD. EU, CARD (b) .OR. WORD. N£.CAHD(2) ) GO TO 220
00 210 1*1,5
IF (IWT(I) .EQ.O) l»0 TO 210
Oh (INT(I) )=VAL (I)
IDH(INTU) )»SIGN(2)
ISTAH-I 

210 CONTINUE
HEAD 390* wORO, (INT(I) tVAL ( I > t !•! t5)
GO TO 200
SET OPTIONAL LOG K (25 UEG) DATA 

220 IF ( WORD. EU,CAKU(t») .OR. WORD. NE.CAHD(3» GO TO 240
00 230 1 = 1, b
IF (INT(I) .EQ.O) bO TO 230
LGGKTOdNT (i) )=VAL(I )
IKTO(INT(I»=SIGN(2)
ISTAR=1 

230 CONTINUE
HEAD 390* WORD, (INT(I) ,VAL(I) t l^ifS)
GO TO 220 

240 CONTINUE
VANT HOFF EQUATION FOR EFFECT OF T ON K
Ci*(298.1bDU-T)/(29e.l6DO«T*C*H)
DO 250 I=ltE
LOGKT (I)*L06KTO(I)-UH(I)*C1
LCHEMI)=0
IF (LOGM(I) ,LT.-<iOOUO.OR.LOGKT<I).GT.200DO) LCHEK(I)*1
IF (LCHEMD..EU.1J bO TO 250
M(I)*iDl««LOGKT(I) 

250 CONTINUE
ANALYTICAL EXPRESSIONS FOR EFFECT OF T ON K
Cl=ULOGiO(TX
KT(l)sl01«*t6.49dOO-0.02379DO*T-«;*02.39/T)
KT(3)=lDl*»(.991UO*.OOb67DO*T)
KT(4)alUl*«(2.319UO-l.i056D-02«r*<i.298120-05«T«T)
KT(7)*1U1«»<-2.9SUU*.0133DO«T>
KT(8)*101«*(-27. 39300*4114. 00/T*.05617DO«T)
KT(13)=lUl»*(3.10bUU-673.6DO/T)
KT(15)*lUl*«(*557.2461UO/T-5.3bObUO*0.0183412DO«T)

260

101«<*(14.843bUO-.032786UU*T-3404.72DO/T> 
KT(23)=lDl*«(13.tt7UO-3Ub9.000/T-0.04035DO*T) 
LCGKT(1)=OLUG10(KT(1» 
LOGKT(3)=OLOtilO(Kl (J) )

L06KTm=DLUG10(»U(7) ) 
LGGM (8)=OLUG10 (M (8) ) 
LCGKT(1J)=DLOG10(KT(13) ) 
LOGKT(15)=DLOGIO(HT(15) ) 
LCGKT (1B)=DLOG10 (M (18) ) 
LOGKT(23)*DLOG10(KT(23)) 
IF (NSTEP.NE.O) bO TO 350 
INPUT OP1IONAU TEMPERATURE 
IF (WORD. EU. CARD (b) ) GO TO 
IF ( WORD. NE. CARD (4)) GO TO 
DO 270 1=1,5
IF (INT(I).EQ.O) (JO TO 270 
LOGKT(1NT(IM=VAL(I) 
KT(INTd) )*1D1*«LUG^T(INT(I) )

CORRECTED
300
290

K DATA

88 1280
BB 1290
BB 1300
BB 1310
BB 1320
BB 1330
BB 1340
BB 1350
BB 1360
BB 1370
BB 1380
BB 1390
BB UOO
BB 1410
BB 1420
BB 1430
BB 1440
BB 1450
BB 1460
BB 1470
BB 1480
BB 1490
BB 1500
BB 1510
BB 1520
BB 1530
BB 1540
BB 1550
BB 1560
BB 1570
BB 1580
BB 1590
BB 1600
BB 1610
BB 1620
BB 1630
BB 1640
BB 1650
BB 1660
BB 1670
BB 1680
BB 1690
BB 1700
BB 1710
BB 1720
BU 1730
'BB l740
BB 1750
BB J 760
BB 1770
BB 1780
BB 1790
BB 1800
BB 1810
BB 1820
BB 1830
BB 1840
BB 1850
BB i860
B8 1Q70
BB 1880
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SOLUTION

BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB

IKTdNTU) ..
ISTAH=1 

270 CONTINUE
READ 390. wUHO.(IWT(I)»VAL<I>•!»*•&>
GO TO 2bU 

280 PRINT 4bO 
290 PRINT 4bO* WORU

HEAD 390. WOHO. (INTU) »VAL(1> »I*1»5)
IF (wORU.£U*CARD<b)) GO TO 300
ttC TO 290 

300 CONTINUE
PHINT IHEHMOUYNAM1C UAlA ANU COMPOSITION OF
IF {IOAT.tU*1.0R.lUr>Tl.tQ.l) GO TO 330
PHINT 470

PR I NT°48o! > ?.NHEACT(i,.DH(I).IOH(I,.LOGKTO(I).IKTO(I).LOGKT(I l .lKTBB 
III),I.NSHtC{I),Z U).UHA <I).GF«(I) BB 
CONTINUE BB 
IF (DD.GT.E) GO TU J30 BB

IKTBB 
BB 
BB 
BB 
BB 
BB 
BB 
BB
UQPRINT <*UO. IMIX °° 

PHlNT 400. JHOLO 
PHlNf 410. IHOLD.ohOLD

310

320
330

1(1) 
CONTINUE

PHINT 500, SIGN(2)

TITL

IF 
IF 
IF

bio.
b30 

(IPHI.EU.O) 
UPRT.Eu.l) 
(IPHT.tu.l)

PHINT 420. TErtP.PH.tPMCAT.EPMAN
PRINT 430
UG 340 ts = l»7
PHINT b20. NTOT ( 

340 CONTINUE
PHINT 53U
IF (10Pf2.tU.l) bO TO 350
PHINT 530
PHINT 440 

350 COiMTIINOE
HETUHN

.X3(K) .XLMI(K),GKAMS(K)

360
370
380

l

420 

430

440

FCHMAT 
FOHMAT 
FOHMAT
F°OHM AA TT

FORMAT 
1LUTION
FOHMAT 
1ANALYTICAL
?O£M!T

(20A4)
(301 0 .3. 1A.JI 1 » 1X.D12.B )

NUMBEH ..II
(//.bX.'SoLOllON NUM8EH..U,. IS BEING HELD CONSTANT AND 
NUMb«iH»,I<:t» IS tiEING CHANGED*./) 
UbX».TEMPEHATuHE s »,Fb.2.. DEGREES C PH

»,F7.1,» ANALYTICAL EPMAN « »,F7. 
--- TOfAL CONCENTRATIONS OF INPUT SPECIES "

BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB

SOBB 
BB 
BB 
BB

l,iTOTL«.13.'LOti TUTAU. ,12X,.TOrAL'./.33X.. SPECIES'. BX. 
2.12X.»MOLALiTY»,9X,»faRAMS/KGM MiJO' ,/ ,33X. • ——— —— «.8X.' 
•a^X. t————-~t «9X. t—— — --_- —— -« ,/) 8B 
FORMAT (4bA»—— - CONVERGENCE ITERATIONS ——• ,//,20X. • ITERATION' .5XBB 
l.'Sl-C02TOTt,bX,.S2-SO^OT..8X..SJ-CLTOT..UX»'ELECTRICAL BALANCE'88 
2.4X.IN MOOEL'*/)

1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
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450 FOHMAT UOXt'CONCtNTHAUON UNITS UNKNOwINt CHECK FLAG. 1 ) B8 <i500
460 FOHMAT (bXt/»»———WAKN1N6--•— INPUT ERKOK — OPTION WORD » r »A4»/)88 «*510
470 KCHMAT ( • i • »// t54X * • ——— •,/»54A»'UATA•»/«b4X»•——— • »//» 18X» »I • t«iX»BB <?520

»UH«»axt »UO&KTU» »6Xt »I.OGKT» tUx» »i»»2x f »NSPEC't6Xt »Z»»BB
»GFW»/) BB

480 FOKMAT (Ih tlbX,IJ»<iA,Att,3(lXtF10.4» Al) 11 OX 113 »<2x » A8»2X»F3. 0 »2X tF38B £550
1.1»2A»F10.4> BB ^560

490 FCHMAT (in tlbX.lJ f 4X v A0t3(1X|F1U.* ( A1)) B8 2570
500 FOKMAT (/tlaXtAlt* DtNOTfcS VALOtS CHANGED IN iNPuTi,/) BB 2580
510 KUHMAf (IHlf(bX»^UA4)/) BB ^590
b20 FUKMAT (irt »J«iX,Ab»F3.0,3X»ei3.t>»c3XtF9.4,8X»El3.6) 88 2600
530 f-CNMAT (//) 8H ^610

EiNL» BB £620-
aLBKOUTlNt rtUUtL CC 10
IMPLICIT KEAL»8(A-H»u-^) CC 20

UttiL>L)»Lli»Ji (6) t|_rH£K(40) t FLAG t Sib 1 • S162, LIST2 (10) tSIG3 CC 30
Hblf»LC02(V)»LbU4(7) CC 40

UUUBLE PKtClblUiM KT(Jo) »L06KT(3U) *LOGKTU(30) *LH^OtMUHALFtMU«KMtNPHCC 50
(30) »MGTUT,KTUI ,NATOT»NSPtC(JO) tNKEACT(30) »NTOT(7) CC 60

CutK(7)» HMAi>(7)» VALU(O» XNT(7)» AP(30), UUMl(IOO) CC 70
COMMON /M/ GKAMS(JO)tCUN!TS(30)»OH(30)»UHA(30)»GFrt(30)»XLMI(30)»XLCC 80
lAUFA(JO)tXLbAM(Ju),/(ju),KT»LOGKTtLH^O»MU.MUHALF«KWtCLTOTtPHtELtCTCC 90
2»I* I»GAMMA <30) tAl (U) t A2«j) »CATO T .MGTOF,NATOT t KTOT tXMIX {100) »C02TOTtCC 100
3b04TOTti»l»S2,S3t Ttifi t I tST2tTtbTJ»LOGKTO»TEMP,UENS,A»B»TENPH»AH<?0*CC 110
4Ci»Cli»AVhftPMA.'JtC.PMCAr,CEPMAN,CtPMCTtTtTl,T2,ALFA(30) .NSPECiHCLOSECC 120
bt*TOT.AJ(tt) .NHtACl »TITL(20) *D f E »UU,LlSTl t|_CHEK»LlST2» IHOLO* IOPTI, ICC 130
6UHT2iIOPr3»Hbfh:PtIMiA,HBIT»Nl tiCrlECK»IDAT»IOPT7»lTEMP«ISIG(9) 11 T£HCC 140
DATA LC02/«io» 7,10»llt If ,lS.17»ldt<:l/ CC 150
DATA Ll>04/12.16.1 t5»,cU, c:2.?5»30/ CC 160
ACTlVITr OF *ATEK CC 170
Cl=000 CC 180
UU lu I=1»U CC 190
Cl»Cl*rtICI) CC 200

10 CUNTlNUt CC 210
AH20=lUO-i. 7D-<?«C1 CC 220
LH«?0=OLUG10(AH«fU) CC 230
CCMPUTt IONIC STKtcJbTH CC 240
MU = OIJO CC 250
uU 20 I=ltD CC 260
MC=MU*U.buO«Mi(I)»/(i)*^(T ) CC 270

20 CCNTINUt CC 280
IF (MU.LT.O.uUO) MU=0.ul>0 CC 290
MtHALF=USUKT(MU) CC 300
CCMKUlt INDIVIDUAL iOi^ ACTIVITY COEFFICIENTS CC 310
Cl=-A*40u*MUHALF CC 320
bAMMA(l)=lUi»«(CI/'(iUO*B* t>JO*MUrtAUF) *0.16500*MO) CC 330
bAMMA (2)=iL>i»<* (Cl/ (IUo*d* t».t)DO <*MUHALF) +0.2DO*MO) CC 340
GAMMA(3)=iLii«» (-A*MuHALF/(100*B*4Du*MUHALF) *0.07500*MO) CC 350
GAMMA(4)=iOI»«(-A«MuHALF/(lUO*B*J.500»MUHALF)+U.Ol£>DO*MU) CC 360
GAMMA (t>)=bAMMA (<f) CC 370
bAMMA(6)=iUl*»(Ci/(iUO*d*SOO*MOMALF)-0.04DO»MU) CC 380
OC 40 I=ftU CC 390
IF (1(1) .tiJ.UOO) bO TO 30 CC 400
GAMMA(I)=iDl«XM-A*MUH4LF»7<I)*^U>/(lDO*OHA(I)*B*MUHALF) ) CC 410
bO TO <fU CC 420

30 GAMMA(I)=lUi*»(0.1DU*MU) CC 430
40 CONTINUE CC 440

bAMMA(26)=lJl«»(MU*<l70.0l/T-.tt7*ti+.0013935»T)+Mu*MU*(28.ei/T-.<:iOCC 450
ld*.0003b4l»T)) CC 460
CGMPuTt MuLALlTltb AND ACTIVlTItb OF IONS IN SOLUTION CC 470
00 bO l=b»o CC 480
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ALFA(I)*Ml(i)*GAMMA(I) CC 490
50 CONTINUE CC 500

ALFA(24)*AH<JO*KW*TENPH CC 510
MI(24)=ALFA(24)/faAMMA(24) CC 520
MI(23>=1DO/(TENPH«GAMMA(23)) CC 530
MAGNESIUM SPECIES CC 540
MI(9)*AUFAU4)«KT(2)/GAMMA(9) CC 550
MI (10)«ALFAIB)*KTU)/GAMMA(10) CC 560
MI(U)*ALFA(7)*KT(4)/GAMMA(11) CC 570
MI(12)*ALFA46)*KT(b)/6AMMA(12) CC 580 
MI(2)*MGTOT/(1DO+&AMMA(2)«(MI(9)*MI(10)*MI(11)*MI(12))) CC 590
ALFA(2)=MI(2)*GAMMA(2) CC 600
C1=ALFA(2) CC 610
DO 60 1=9.It: CC 620
MI(I)*C1*MI(I) CC 630
ALFA(I)=MIU)«GAMMA(I) CC 640

60 CONTINUE CC 650
CALCIUM SPECIES CC 660
MI(13)*ALFA(24)*KT(b)/GAMMA(l3) CC 670
MI(14)-ALFA(7)*KT(7)/GAMMA(14) CC 660
MI(15)=ALFA(6)*KT(B)/GAMMA(15) CC 690
MI (lb)=ALFA(b)*KTm/GAMMA(l6) CC 700 
Ml(l)=CATOI/(iDO+GAMMAU)*(MI(13)*Ml(14)*MI<15)*MI(16))) CC 710
C1«MI(l)*GArtMA(l) CC 720
ALKA(1)»C1 CC 730
DO 70 I=13»i6 CC 740
MI(I)=C1*MIU) CC 750
ALFA(I)=MI(i)*6AMMA(I) CC 760

70 CONTINUE CC 770
SODIUM SPECIES CC 780
MI (17>=ALFA(tt)*KT(ll»/GAMMA(17) CC 790
MI (1B)=ALFA(7)*KT(1i)/GAMMA(18) CC 800
MI (19)«ALFA(b)*KT(i^)/GAMMA(19) CC 610 
Ml(£1)=MI(J)*GAMMA(3)*ALFA(8)«KT(i4)/GAMMA(21) CC 820 
MI(25)=MI(3>*GAMMA(3)*ALFA(6)*KT(16)/GAMMA(25) CC 830
MI (2tJ)=ALFA(5)»KT(<20)/GAMMA(28) CC 640 
MI(3)=NATOT/(lDO*GAMMA(3)*(MI(17)*MI(lb)*MK19)*Ml(28)*2DO*(MI(21)CC 850
l+fl(2b))>) CC 860
ALFA(3)=MI(J)*GAMMA(3) CC 870
C1»ALFA(3) CC 880
DU 8U i=l»b CC 890
KaLlSTKl) CC 900
MI(K)aCl*Ml(K) CC 910
ALFA(K)sMl(K)*GAMMA(K) CC 920

80 CONTINUE CC 930
POTASSIUM SPECIES CC 940
MI<20)=ALFA(6)*KT(1J)/GAMMA(20) CC 950
Ml(29)=ALFA(b)*KTUi)/GAMMA(29) CC 960 
MI(4)«KTOT/(lDO*bAMMA(4)*(MI(20)*MI(29)» CC 970
ALFAU)=MI (4)*GAMMA(4) CC 980 
C1-ALFA(4) . CC 990
Ml (20)=C1*MJ{20) CC 1000
ALFA(20)=MI («fO)*GMMMA(20) CC 1010
MI (29)=Cl*Mi(ijy) CC 1020
ALFA(29)=MI(29)*GAMMA(29) CC 1030
COMPUTED MAbS OF ANION SPECIES CC 1040 
S1=MI(7)*MI(6)*M1Uu)*M1(H)*MI(1H)*MI(15)*MI(17)*MI(18)*MI(ai)*MICC 1050

1(26) ' CC 1060 
S2*MI (b)*HKU)*Ml (lb)*MI <19)*MI (2Q)«HI (22) »MI (25> *MI (30) CC 1070
S3=MI (b) *HI (27) *MI (<!«)+MI (29) CC 1080

= S1-CO<»TOT CC 1090

-60-



TEST2=i»2-SO<»TOT 
TEST3*b3-CLTOT 
tLECT=000 
DC 90 I = 1»L> 
ELtCT=tLECr+Ml (!)«/(!) 

90 CCNHNOfc
AUUMsHCLObt*UABS(tLtCT)
XUOMl=l.U-lb
HCHbKsUMAAl (XUUMf XUUMD
ICHECK=0
HdIT=0
CHLCK MAbb BALANCE UN CARBON.
IK (C02TOT.LE. 0.000) (30 TO 110
IF <DAdi>( IfebTl) .Of .rtCHt.K) HBIT*1
IF (KbIT.tu.O) GO TO HO
MI <26)sALFA(2J)«ALFA(*!3)/(GAMMA<<JO)*KT(18)»KT<l) )
MI ( n=A|_FA(<iJ)/<bMMMA< n«KT(l) )
Ml (10)=AL>A(<?)*Kr(j)/GAMMM10)
MI Ul)sALFA(<?)*AUrA(«!3)»KT(*)/<OAMMA(ll)«KT(l) ' 
MI (l«)sALFA(l)»MLKA(«!3)«KT(7)/<GAMMA(14)«KT(l) ) 
Ml (lb)*AI_t-A(l)*Kr (ttJ/oMMMA (IS) 
MI (ir)sALFA(J)*KT(lO)/feAMMA(l H
*lI(18)*ALI: A(J)»Al.FA(23)*KT(ll)/(t»AMMA(ld)*KT(lM 
MI (21)=ALFA(3)*ALFA(J)*KT(l-»)/OAMHA(2l) 
MI (8)=CO<;1GT/( IDU + bMMMA (8)«(MI (tt>) *HI (7) *MI ( 10) *MI 

Ib) *MI (l7)*Mi (18)*M1 (c:i) ) ) 
ALFA(8)=MI (o)*GAMMA(«) 
DC 100 1=1. V
MI (LC02(I) )*MI (LCU2U) )«ALFA(8) 
ALFA(LCO£(1) )=MI (LCO^(l) )«tiAMMA(LC02(I') ) 

100 CClMTINOt 
1CHECK=1

110

120

130

CUfxTlNOL
LHLCK MAbS dALANCt ON bOLFATE.
IF (SO*»TuT.Lt.0.uOO) 60 TO 130
IF (UAtJb(TtST^) .bT.HCMtK) HOIT = 1
IF (HdIT.LU.0) 00 To UO
Ml (l^)=ALFA(ie)*KT (b)/OAMMA(12)
MI (lb)=ALFA(i)«KT(V)/OAMMA(lf»)
MI (19)=ALFA(3)*Kf U*) /GAMMA ( 1 *)
MI (i>0)=ALFA(4)»Kr(U)/bAMMA(20)
Ml (<?2)=ALl•A(^J)»^^ (lb)/(JAMMA(2«J;
HI (2b)=ALFA(J)«ALFA(J)«Mm)/bAMMA(25)
MI (3o)sALFA(<?J)*ALFA(^3)«KT(22)/OMMMA(30)
MI (6)=b04TOf/(lUO*t>AMMA(6)«(MI < 12) *Ml ( 16) *MI
b)**I (30) ))

ALFA(6)=MI (!>)*GAMMA(0) 
00 1^0 I=l*/
MI (LS04(I) )=MI (LbO«f(l) )«ALFA(6) 
ALFA (LbU<* < i»=MI (LbU<M I) )»GAMMA (LbO<f (I) > 
CCNTINUt

KBIT=0
CGNTINOtL
CHtC(\ MA bo UALANCfc. ON CHLOHIOE.
IF (CLlor.Ufc. 0.000) GO TO 150
IF (DABS( Fti>TJ) .GT.hCHtK) K8IT = 1
IF (KBir.bdUO) GO TO IbO
MI <27)=ALFA(23)«Nr<ly)/GAMMA<27)
MI (H8)sALFA(3)*KTt«!0)/C,AMMA(28)

CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

(11) *MI (U) *M1 (ICC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

I(20)»MI(22)*rtI(CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC

UOO
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1500
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
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IF (ELECT.faT.0.000.AND.I.FQ.l) WO TO 80 DO 500
IF <ELECr.Gr.0.000.ANU.I.F.ti.O) GU TO 90 DO 510
IF (ELECT.LT.O.ODO.MNO.I.FQ.l) 60 TO 90 DO 520
(30 TO 100 DO 530

80 CONTINUE DO 540
PH2*PH DD 550
XINT«(PH*i-PMl)/2.0 00 560
PH=PH2-XINT DD 570
GC TO 100 DD 580

90 CONTINUE DD 590
PHl*Pri DD 600
XINTs(PH2-PHl)/2.0 DD 610
PH=PH1*AINT DO 620

100 CONTINUE DD 630
HETUHN DO 640
END 00 650-
SUBROUTINE bTEP(CATUT,MGTOT.C02TUT,S04rOT,CLTOTtNATOTtKTOT»Cl»C2»XEE 10
lMlXtNSrEP»IuHT4,Vi),ll,T<»,Tt.MP»COtFfXMOL»IUPT8fIPASS) EE 20
DOUBLE PRECiblUN CATOTtMGTOT.COZTOTfS04TOTtCLTOT,NATOT,KTOT.Cl(»)tEE 30
1C2(8)«XMIX(100)»XX,VU,T1,T2.TEMP»COEF(7)»XMOL»VTQT EE 40
NSTEP=NSI£P+1 EE 50
IF (IOHT4.Ey.i) 60 TU lu EE 60
IF (lOPU.Ew.*) bU fu HO EE 70
IF <IOPTd.EU.l.ANU.IHAbS.F0.1) GO TO 30 EE 80
COMPUTE COMPOSITIUN OF MIXTURES EE 90
XX=XMIX(NbTfcP)/10yuU EE 100
CATOT=(100-.'-X)»Cl (D*XX»C?(1) EE 110
MGTOT=(100-XX)*CU2)*xx»C2(2) EE 120
NATOT=(1UU-XX)»C1(J)*XX»C2(3) EE 130
Kror=(lDU-XX)*Cl(*>*XX»C2(4) EE 140
CLTOT=(1UO-AX)*C1<b)+XX»C2<5) EE 150
b»J4TOT=(lUO*XX)»Ci (b)*xx#C2(b) EE 160
C(J2TOT=(1DU*XX)»C1 (7)+XX*r<?(7) EE 170
TEMP=(100-XX)»T1*XX*T2 EE 180
GC TO 40 EE 190

10 AX=*MlX(NSTfc.P) EE 200
COMPUTc CUMPOblTIUN OF FITRATEU MIXTURES EE 210
vTOT=VU*XX EE 220
CATOT=(C1 (U*VO*C2(l)»AX)/\/TOT EE 230
MGTOT=(C1 (<2>»VO + C«i(*:)»XX)/VTOT EE 240
NATOT=(C1 (3)»VO*C«i(J)»XX)/VTOT EE 250
MOT=(C1 (4)*\,'0*C^C»)»XX)/VTOT EE 260
CLTOT=(C1 (b>#VO*C<;(b)»xX)/VTOT EE 270
b04TOr=(Cl(b)»VO*Cil6)»XX)/VTOT EE 280
CO<»JUT=(CI (7)*VO*Cii(7)»XX)/VTOT EE 290
!EMP=(VO»Tl*xX»Tii)/VTOT EE 300
GC TO 40 EE 310

20 CONTINUE EE 320
IF (IOPT8.EU.1.ANU.1PASS.FQ.1) GO TO 30 EE 330
AC«OL = XMIX(N:»TtP) EE 340

30 CCNTINUt EE 350
CATOT=C1(1)*XMOL*(COEF(1)) EE 360
MGTOTsCl(2)*XMOL*(CUEF(2)) EE 370
NATOT=C1(J)*XMOL»(CuEF(3)) EE 380
KTOT=CU4) +AMOLMCOEF (4) ) EE 390
CLTOTsCl(b)*XMOL*<COEF(5)) EE 400
SC4TOT.=Ci (6* + XMOL»(COEF (6) ) EE 410
C02TOT=C1(7)*XMOL*(COEF(7)) EE 420

40 RETURN EE 430
	EE 440- 

h»RINT FF 10
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IMPLICIT HEAL*8<A-Htu-Z) . FF 20
INTEGER Ott»OOtLIbTl(b)tLCHEK(40)tFLAGtSIGltSl62 f LlST2(10),SlG3»SlFF 30

164tSIG5t6lGfrtHBlT FF 40
DOUBLE PkECiSION KT(30)tLOGKT(30)»LOSKTO(30)»LM20»MUHALF»MU»KWfKPHFF 50
lAStMI(30)tMGTOTtKTOTtNATOTtNSPEC(JO)tNREACT(30>»NTOT(7) FF 60
DIMENSION COEF(7)t PHAS(7)t VALU(7)t XNT(7). AP(30), OUHK100) FF 70
COMMON /A/ <»HAMS<30) tCUNITSOO) tOH<30)tDHA(30)»GFlM30) tXLMXOO) tXLFF 80
1ALFA(30) fXL<0AM(3<J) »2(30) ,KTtLOGKTtLH20tMUtMUHALFtKWtCLTOTtPHtELECTFF 90
2fM,GAMMA(3U)fXl(d),X2(b)tCATOT.MSTOT.NATOT.KTOT,XMJX(100).C02TUT.FF 100
3bU4TOTtbltb2tSJtTEbTltTEST2»TESTJtLOGKTOtTEMP,DENStAtBtTENPHtAH20tFF 110
4CltClSAVttEPMAN,EPMCATtCEPMANtCEPMCTtTtTltT2tALFA<30)tNSPECtHCLOSEFF 120
5tNTOrtX3<d)»NHEACT,TlTL(20>tDtEtDDtLISTl,LCHEKtLlST2tIHOLDtIOPT1tIFF 130
60PT2tIOPrjtNbTtPtlMIX,RBITtNltICHECKtIDATtIOPT7tlTEMPtISIG(9)tlTERFF 140
ALKsMI(7)*MJ(y)+MI(ll)+MI(13)+MI(U)+MI(18)*MI(2l)*MI(24)*2.00«(MIFF 150

1 (10)+MI(l3)*MI (1/)*MI (8) )-MK23) FF 160
ALKsALK*1.03 FF 170
CARBONsMl(^+MI(6)+Ml(26) FF 180
CEPMAN=ODO FF 190
CEPMCTsQuU FF 200
DO 20 I»ltU FF 210
IF U(I).GT*OUO) GO To 10 FF 220
CEPMANsCtPMAN-Z(I)*MI(I) FF 230
GO TO 20 FF 240

10 CEPMCT=CEPMCT + 2(I)*MI (I) FF 250
20 CONTINUE FF 260

PC02=OUO FF 270
XLPC02«-99.y FF 280
IF (ALFA(/fb) .GT.OUU) GO TO 30 FF 290
GO TO 40 FF 300

30 PC02=1D1»»(DLOG10(ALFA<26))-23b5.73DO/T-1.52640-2»T*l4.0184DO) FF 310
XLPC02=OLOG10(PC02) FF 320

40 CONTINUE FF 330
CEPMA(M=CEPMAN*103 FF 340
CEPMCT=CEPMCT»1D3 FF 350
IF (NSTEP.NE.O) OENSM.OO FF 360
PHINT UO FF 370
PRINT 130 FF 380
PHINT 140» AH20ttPMCATtCEPMCTtPHtPC02tEPMANtCEPMANtXLPC02tMUtCARBOFF 390
iNtUENStTEMPfSl.CLTOTtELECTtKTOTtALK FF 400
PHINT IbO FF 410
OLM=lDl*»(-ro.DO) FF 420
00 60 1=1.U FF 430
CLNITS(I)=OUO FF 440
IF (MI(I).LT.UUM) GO TO 50 FF 450
CUNITS(I)=M4(I)»1U3*GFW(I)*(1DO-1.0D-06*C1SAVE) FF 460
XLMI(I)sDLUGlO(Ml(I)) FF 470
ALALFA(I)=ULOG10(ALFA(I)) FF 480
XLGAM(I)=ULOG10(t.AMMA(I) ) FF 490
GO TO 60 FF 500

50 CUNITS(I)=000 FF 510
XLMI(I)=-200.DO FF 520
XLALFA(I)=-«;i)O.DO FF 530
XLGAM(I)=OOU FF 540

60 CONTINUE FF 550
00 90 K=ltD pp 560
IK (MI(K).LT.OUM) GO TO 70 FF 570
PRINT 160t KtNbPEC(K),2(K)tCUNITb(K)tMI(K)tXLMKK)tALFA(K)tXLALFAiFF 580
IK)tGAMMA(K)»XLGAM(K) FF 590

70 CONTINUE FF 600
IF (MI(K).LT.OOO) GO TO 80 FF 610
GO TO 90 FF 620
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80 PRINT 170* NSPEC1M»MI(K) FF 630
90 CONTINUE . FF 640

AP (l)=ALFA(i)*ALFA(b) FF 650
AP(2)=AP(1) FF 660
AP(3)=ALFA(2)*ALFA(ti) FF 670
AP (4)sALFA(l)*ALFA(«f)*ALFA («)*ALM(8) FF 680
AP(b)*ALFAU)*ALFA(t>) FF 690
PHINT IbO FF 700
JO 120 I=l»b FF 710
KsLIST2(l) FF 720
IF (AP(I).LT.l.U-bU) GU TO 100 FF 730
XLlAP*t)LOblO(AP<I) ) FF 740
SIlaAP(I)/KT(K) FF 750
ALSI=OLUG10(bll) FF 760
GO TO 111) FF 770

100 CONTINUE FF 780
ALIAPs-lOO.UO FF 790
b!l=1.0D-bU FF 800
XLbI=-100.DU FF 810

110 CCNTlNUt FF 820
PRINT 190t LIbT2U)tNREACT(K)»AP(I)»KT(K),ALIAPtLOGKT(K)»SIl«XLbI FF 830

120 CONTINUE' FF 840
RETURN FF 850

C FF 860
C FF 870
C FF 880

130 FORMAT (//) FF 890
140 FORMAT (//*4bXt«———UEbCRlPTION OF SOLUTION ——t,//,27Xt«ANALYTlCFF 900

1AL COMPuTEUt,l3X»«PH«fl6Xt'ACTIVITY H20 a «»F7.4t/«20Xt«EPMCAT tFF 910
2tF7.2t4A»K7.<i»12XtKto.3»l4X»«PCO<; - t ,E13.b«/»20X, 'EPMAN '»F7.2*4FF 920
3A»F7.2tJf.'A»»LO(3 HCUi = » ,F8 .4 f /»£!UXf • IONIC STRENGTH • » tE13.6»6X, IFF 930
4TEMPERATURE«»11X»»UNCOMPLFX COi! » «tE13.6t/«20*» 'DENSITY • »,F8.4 t FF 940
blflX,F6.<i»lX*«OEG C« » ll)X» tQ02TOT a i, E. 13.6 ,/. 2QX, iCLTOT a '»E13.6»3FF 950
6?X,t£LECT = 'tElJ-Of/.^OXt»KTOT = •»£13.6.3HX,'ALKALINITY • 'tFlO.FF 960
73t» MEU/LITRE'»/) FF 970

150 FORMAT (///«b«iXt'——————————————— ————— • t/«52X«'DISTRIBUTION OF SFF 980
IPECItS' »/»b2A» •————————————————————« »//»5Xt «I' ,2X» 'SPECIES' « 10XFF 990
2»»PPM»»UX,»MOLALITY',OX,»LOG MOL•»6Xt«ACT IVITYt,ax,'LOG ACT««5*t«FF 1000
3ACT. COEFF.i.bXt'uUb A COF»t/) FF 1010

IfiO FORMAT (1H »3Xtl3»lA»Ab»F3.0»2A»tl2.5»4X»El2.5»4X»F9.4t4X»E12.5t4XFF 1020
ltF9.4t4A»EU.b»4A»F^.4) FF 1030

170 FORMAT <• «#10Xt«-——— WARNING ——— THE CALCULATED MOLALITY OFi,FF 1040
11X«AB*' Ib **bl2.d) FF 1050

180 FORMAT (//tl!A»»HMMaE«»9X,•tAP'»iOx»«KT«»bX»tLOG IAP«t4X««LOG KTi,FF 1060
16X,tiAP/tvJ »«4A»tLUb IAP/KT'*/) FF 1070

190 FORMAT (in .bAt13.1AtAHt2(2X»E11.4) ,d (2XtF9.4)»2XtEl1.4«2XtF10.5) FF 1080
tf\D . FF 1090-
btHROUTlNt btT 66 10
IMPLICIT KEAL*B(A-H»U-Z) 66 20
INTEGER UtE«OUtLlbll(b)»LCHEK(40)tFLAG»SIGl»SlG2»LIST2(10)<SIG3»SI6G 30

lG4»bIGb»bIG6»R«Ii ' i 66 40
DOUBLE PRtCiblON M(JO)tLOGKT(3U)»LOGKTO(30)tLH20»MUHALF»MU»KHtKPH66 50
1AS»MI (3U) »MtlTOTf^ro^fl^^ATOT»NSPEC(JO) tNREACT(30) »NTOT(7) : GG 60
DIMENSION CUEF(7)« PHAS(7)t VALU ( /) t XNT(7)« AP(30)» UUMK100) GG 70
COMMON /A/ GRAMS(3U) tCUNITSOO) tOH(30) «OHA(30) *GFK(30) tXLHIOO) tXLGG 80
1ALFA(30)tALOAM(JO)«^(30)»KT»LOGKTtLH20tMU»MUHALF«K*»CLTOTtPHtELECT66 90
2»MItGAMMA(30),X1(b)»X2(b),CATOT.MttTOT»NATOT«KTOT,XMIX(100)*C02TOT«66 100
3bC4TOT»bl,b^,S3,ftbTl,TEST2,TEbT3tLOGKTO»TEMP,DENS,At8»TENPH,AH2Q.66 110
4Cl»ClSAVEtEPMAN,tPMCATtCEPMANtCEPMCT»TtTl,Ti»»ALFA(30)»NSPECtHCLOSE6G 120
5»NTOT.X3(6)»NREACT»TITL(20) »DtE.L>0,LISTl »LCHEKtLIST2» IHOLD. IOPT1 • IGG 130
60PT2.IOPTJ,NSTEP»iMlX,KBIT»Nl»ICHfcCK,IOAT,IOPT7tITEMP«ISIG<9)tlTERSG 140
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INITIALIZE VALUES FOH MASS BALANCE LOOP. GG iso
ALFA(23)=1U1**(-PH) 66 160
MI (23>*ALFA(<iJ> GG 170
TENPH*10i**PH 66 180
MI(1)«CATOT 66 190
MI(2)*MGTOT 66 200
MI(3)*NATOT 66 210
MIU)*KTOT 66 220
MI(5)*CLTOT 66 230
MI(6>*SO*TOT 66 240
MH26)*ALFA<«?J)*ALFA(23)/<KT<ia)*KT(l)) GG 250
MI(7)*ALFA<23>/KT<1) 66 260
MI(8)*CO*>TOT/(1.UOMMI(26)*MI<7» ) GG 270
MI(7)*MI(7>«MI(8) 66 280
MI<2b)*MI(2b)*MI (a) 66 290
ITtK=0 66 300
HBIT=1 66 310
Nl*0 66 320
HETUHN ee 330
END 66 340*
StBKOUTlNt SAVE(AtCltC2tC3»C4»CbtC6tC7) HH 10
UOUBLE PRECISION A(a),C1*C2tC3*C4tC5tC6tC7 HH 20
SAVE TOTAL CONCENTKAUONS. HH 30
A(1)=C1 HH 40
X(2)*C2 HH 50
*(3>*C3 HH 60
A(4)=C4 HH 70
X(5)=Cb HH 80
X(b)=Cb HH 90
A(7)=CT HH 100
HETUKN HH 110
END HH 120-
bbbHOUTINL PAHBOL(ilSfttXMQLl»SI1tAMOL2tSI2tXMlDtSIMIDtXMOLtSn II 10
IMPLICIT KEAL*B(A-H»O-Z) II 20
INTEGEK bIGb II 30
IF (SIGb.bT.l) GO TU lu II 40
bIG6*i II 50
A*ID=XMOL II 60
S>1MID=SI II 70
tiO TO 9U II QO

10 CONTINUE II 90
SIG6 > 1 II 100
IF (SI.Gt.U.ODU) GO TO 50 II HO
bl<0 II 120
IF (SIMID.GE.U.OOO) GO TO 20 II 130
SIMID<0 II 140
XNOL1=XMIU II 150
AMID*XMOL II 160
SI1*SIMID IJ 170
SIMID*SI II 180
GC TO 90 II 190

20 CONTINUE II 200
SIHIO>0 II 210
IF Ol2 + bll) JO,3U,tO II 220

30 SllaSI II 230
AMOLi*XMOL II 240
GO TO 90 II 250

40 SI2«SIM1U II 260
X*OL2=XMID II 270
SlMIDsSI II 280
XMIU=XMOL H 290
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GO TO 90 II 300
50 CONTINUE II 310

SI>0 II 320
IF (SIMIU.Gt.0.000) GO TO 60 II 330
SIMICKO II 340
IF (SI2*SI1) 60,bOf70 II 350

60 bIl=bIMIL> II 360
X*OL1*XMIU II 370
SIMID*SI II 380
XHID'XMOL II 390
GC TO 90 II 400

70 SI2«SI II 410
X»OL2«XMGL II 420
GC TO 90 II 430

80 CONTINUE II 440
b!MID>0 II 450
XMOL2*XMID II 460
XMID*XMOL II *70
SI2*SIMID II 480
SIMIO*SI II 490

90 CONTINUE II 500
MAKE XMOL A FUNCTION OF Si. II 510
AiaSIl II 520
X2=SI2 II 530
X3«SIMID II 540
Y1«XMOL1 II 550
Y2«XMOL2 II 560
YJsXMlD II 570
XXlsXl*Al II 580
AX2«x2*Aii II 590
XX3»X3«X3 II 600
Dis(XX3*X2*Yl*AXi»X3*Y«»*XX2*Xl*Y.a-XX2*X3»Yl-XX3»Xl»Y2-XXl»X2»Y3)/(II 610
1(X1-X2)*(X2-X3)*(X3-X1)) II 620
AMOL'Ul II 630
bIG6=SIGo*l II 640
HETURN II 650
END II 660<
SUBROUTINE bETKItJtK) JJ 10
HESET COUNTERS FOK KOOT FINDING PHQCEDUHES. JJ 20
1=0 JJ 30
J-0 JJ 40
K=0 JJ 50
KE1URN JJ 60
END JJ 70-
BLOCK DATA KK 10
DATA UaEU IN HROGHAM KK 20
IMPLICIT REAL*8(A-HtO-O KK 30
INTEGER U»E»OU»LlbTl<b)tLCHEK(40)»FLAG»SI61»SIG2,LIST2(10)»SIG3»SIKK 40

lG4tSIG5tSIG6»RBIi KK 50
DOUBLE PRECISION KT(30)tLOGKT(30)tLOGKTO(30)»LH20tMUHALFtMUtKMtKPHKK 60
lAStMl(30)tM«TUT t KTOTtNATOTtNSPEC(30)tNREACT(30»fNTOT(7) KK 70
DIMENSION CUEF(7)t PHAS(7)« VALU(7) t XNT(7)t AP(30)t OUMK100) KK 80
COMMON /A/ GRAMS(30) tCUNlTS(30) tUH(30).tOHA(30) tGFMOO) tXLMI (30) »XLKK 90
1ALFAOU) tXLOAMOO) t^(30) ,KT,LO^KT»LH20»MU»MUHALF»KW,CLTOT»PH»ELECTKK 100
2»NItGAMMA(30)•XI(d)tX2<ti),CATOf»MGTOTtNATOTtKTOT t XMlX(100)»C02TOTtKK 110
3b04TOT»Sl»b2fS3»TESri,TEST2»TEST3»LOGKTOtTEHP t OENStAtBtTENPH»AH20tKK 120
4Cl.ClS»AVE»tPMANtfcPMCAT»CEPMANtCEPMCTtTtTltT2tALFA<30) tNSPECtHCLOSEKK 130
5tNTOTtX3(8)tNREACT» II fL(20)tDtEtDUtLISTltLCHEK»LlST2tiHOLDiIOPT1,IKK 140
60PT2tIOPT3»NSTEPtiMlX,Kfc»lT»NltICHECKtIDAT»IOPT7»ITEMPtISIG(9)tlTERKK ISO
DATA NbP£C/4HCA**t4HMG**t3HNA*t«iHK*,3HCL-t5HS04— t5HHC03-t5HC03— »KK 160
lbhMGOH+,bHMtiC03t7HMtoHC03*,5HMGSO<tt5HCAOH*t7HCAHC03*»5HCAC03t5HCASOKK 170
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24»6HNACU3-*6HNAHCU3»bHNAS04-,5HKb04-*6HNA2C03tbHHS04-*2HH**3HOH-,6KK 180
3HNA2S04»bHH2C03*JHHCL.4HNACLt3rtKCL»5HH2S04/.NREACT/5HKHC03*5HKMGOHKK 190
4,6HKMGC03»7HKMGHCU3,bHKMGS04,bHKCAOH*7HKCAHC03»6HKCAC03*6HKCAS04,6KK 200
5HKNAC03»7HKNAriCOJ*brtNNAS04»5HKKS04,7HKNA2C03*5HKHS04*7HKNA2S04*2HKKK 210
6lM6HKH2C03»4HKHCL*5riKNACL«4HKKCL*6hKH2S04»7HCALClTE»8HARAGONIT»8HMKK 220
7AGNESlT»bHDULUMlTh»dHANHYn«lT»6nGYPSUM»7HBHJClTE,7HHUNTlT£/ KK 230
OAlA Z/2.000,2.000,1.000,1.000»-l.000,-2.000.-1.000*-2.000* 1.000,OKK 240

1. 000 »1. 000, 0. 000 » 1.000* 1.00.0* 0.000,0. 000 •-l.ODl'tO, 000 »-1.0DO»-1.0DKK 250
20•0.000,-1.ODO»1.000»-1.000»0.000*0.000»O.ODO,0.000*0.000»O.ODO/*OKK 260
3HA/b.OOO*b.bDu»4.0DO*3.bDO*3.bDO»5.0DO*b.4DO,5.4DO*6.bDO*O.ODO*4.0KK 270
<tDO,O.ODO»o.OOU»6.000»U.ODO»O.OOU»iJ.4DO»0.000»5.4DO*5.4DO*0.000*4.5KK 280
SU0*9.000 *J.bU0* 0.oUo* 0.000*0.000*0.000*0.ODO*0.000/*GFW/40.0800*24KK 290
6.31200 »2<f.y»ydOO»J9.10^DO, 35. 4b 30 J, 96. Obi 600*61 .017300* 60. 009400 ,4KK 300
71.319400,tt4,32l4UO»db.329300, 120.373600*57.087400 .101. 097300*100.OKK 310
88S 000, 13b.l<flbOO»d«J. 999200, 83. 990900, 119. 051400 » 135. 163600,105. 989KK 320
9000 *97. Ob9600*1.00buu, 17.007400 (142.041200*62. 025300*36.461 DO*(>d.4KK 330
$428DO*?4.b5t3DO*9a.0^7bOO/ KK 340
DATA OH/3.b5l>0»2. 14UO.U.05800.10.3700.1.2700* 1.1900*6.33100,3. UDOKK 350
l*i.50DO,b.91100,O.O.JO,2.2?900 ,3. 08200, 0.0000 ,4 .9100 ,-3. 65700, 13.34KK 360
2t»D0* 1.97600 • 1 d.6Juu* 0.000*0.000*O.oOO *-J.l900*-«'.95900*-6.16900 »-8KK 370
3.2900»-3.7b9DO*0.2blOO*O.R500»-^b.7600/ KK 380
OATA LO(ji\TO/-l 0.3^9000* 2. ft ODO* 3. 39800. 0.92800, 2. 23800*1. 4000 ,1.<!60KK 390

100 *3.2000»2.30900»1.2bHOO*-0.2bUOO,0.22600*0.84 TOO*0.67200*1.9B7DOKK 400
2*l.b!200»-13.99800*-b.JblnO»-6.10uo»-l.60200*-1.5d500*-l.0000*-8.4KK 410
31000(-8.21bOO*-B.<!4UOO*-l7.00DO»-4.54aOO*-4.75900*-11.4lODO*-30.51KK 420
4000/ KK 430
OATA L1ST1/17*18»19»21*<?5,26/ KK 440
OATA LISl«i/<:3*2*»<;b»2b*28/ KK 450
DATA NTuT/«CATOT'*»HGTOT«,'NATOT•*«KTOT•,'CLTQT•.'S04TOT»*»C02TOT'KK 460

I/ KK 470
tNO KK 480-
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