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MIX2: A Computer Program
for Modeling Chemical Reactions
in Natural Waters

By

L. Niel Plummer and David L. Parkhurst
U.S. Geological Survey
National Center
Reston, Virginia 22092

and

David R. Kosiur
Department of Geology
University of California
Los Angeles, California 90024

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—NaZO—

KZO-COZ-stOA-HCI-HQO. 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.



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: Ca0O-MgO-

Na20-K20—002-H2304-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 MIX2 (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 thermochemical 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-Hiickel theory (Robinson and Stokes, 1955)

2 -
log vy = LA__.Z___'.{:[___.,.bI (¢))

l1+Bavl
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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 v° = 0.11, (2)

except for YH co which has been computed from the Henry's Law con-
2773
stants of Harned and Davis (1943) (for the solubility of CO2 in NaCl

solutions) by Wigley and Plummer (1975). The analytical expres-
sion for YH co is given as a footnote to Table 1.
2773

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 pH 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.

-3~



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"15
moles per 1000g H,O0 (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 jterations 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 wz, = 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.

-



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
pPH - 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 1.0pH 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

-5



(81) of the mineral. Saturation index is defined by

SI = log —I%g (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. 1In 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
atcordance with the initial pH. Charge balance in the initial solu-
tion is accomplished by adding chloride or 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
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temperature effects resulting from heats of reaction are not consid-

If a net reaction is to be added to the initial solution, the
stoichiometric 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,

2 (xCa++ + ng-H-) + Xttt Xt = Xo - + 2 (XSOZ— + Xcog') (8

except for the cases of adding acids or bases to solution, such as in
the oxidation of organic matter where X, .-- is taken as X_.. .
CO3 CO2

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 CH,Q
(organic matter) per mole of gypsum. The stoichiometric coefficients

for the net reaction could be written xCa++ =4.2, XMg++ = 0.5, XCOS-
5:8, and‘iéo—— = 1.0, with the remainingli values equal to zero. The

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.,

C (initial) + XMIX - X (9)

ror(® = Cror

where C is the total molality of the species in solution and o

TOT
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 o 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

the ion activity product of dolomite at 10_16'§E, one would enter
PHAS (Catt) = 1.0, PHAS (Mgtt) = 1.0, PHAS (co3 ) = 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
from the description of the input variables.

Card Variables
1 I0PT1, 1I0PT2, IOPT3, IOPT4,

IoPT5, IOPT6, IOPT8, IOPTY,
IOPT10, NMIX, VO, CLOSE,
HCLOSE, STPSIZ

2 COEF(I), (I = 1,7)
3 PHAS (I), (I = 1,7), KPHAS
4 XMIX (I), (I = 1, NMIX)
5 TITLE
6 TEMP, PH, DENS, FLAG, IHOLD,
IOPT7, CUNITS(7)
7 CUNITS (I), (I = 1,6)
7+n n cards containing optional

input pertaining to Solution 1
are read here

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

n - Repeat cards 5 through 8 + n for
n+mn solution 2, if IOPT4 equals 0 or 1,

where solution 2 contains m optional

be evident

Format

(911, 15
4D10.3)

(7D10.3)
(8D10.3)
(8D10.3)
(20A4)

(3p10.3, 1X,
311, 1X, D12.5)

(6D12.5)

(A4, 1X, 5 (13,
D12.5))

input cards. If IOPT4 = 2, omit cards

9+4+4n--12+n+n
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Description of Input Variables

IOPT1

I0PT2

IOPT3

IOPT4

TOPT5

IOPT6

I0PT8

IOPT9

IOPT10

NMIX

vo

» Equals O prints thermochemical data, equals 1 omits print of

thermochemical data.

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

Equals O 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 O 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. Equals 1 if one
phase boundary is to be followed.

Equals O 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).



CLOSE

HCLOSE

STPSIZ

COEF (I)

PHAS (I)

XMIX (I)

TITLE

TEMP

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

A factor that is multiplied times the absolute value of
electrical balance to determine the closure on mass balance.
1.0D-08 is reasonable. 1If the electrical balance is 1.0D-04,
convergence on mass balance would be to 1.0D-12 for HCLOSE of
1.0D-08. All initial solutions converge to 1.0D-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.

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.

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'T, K", c1”, 50, €O, .

Number of moles of each major species in one mole of the
mineral for which the phase boundary is to be followed. Order
. L = S S -

is Ca ,Mg ,Na , K, Cl, SO4 , and CO3 .

The log of the equilibrium constant for the mineral PHAS (I)
written in terms of mineral = ions, where ions are Cd++, Mg++,

Na', k¥, c1”, 50,” , and CO

3

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.

-10-



PH

DENS

FLAG

IHOLD

IOPT7

Negative log activity H+.
Density of Solution (g/cec).

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

Signal used to hold a previous end-member solution constant
on successive mixing or titrating cases. TIHOLD must be zero
for the first 2 end-member solutions input. On additional
mixing cases, THOLD may be O, 1, or 2, If IHOLD equals O,

2 new end-member solutions are read in. If THOLD equals 1,
the previous defined solution 1 is saved and solution 2 is
redefined by input. The opposite is true if THOLD equals 2.

Equals O 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.

T I S S -
CUNITS (I) Total concentrations of Ca , Mg , Na , K', C1 , and SO,
(I=1,6) (in order) in initial solutionm.

Optional Input

Optional input cards can be used to (1) input the total concen-
trations of species mnot included on cards 6 and 7 ("CONCS card (s));
(2) change AHf ("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 ("LOGK"

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., "LOGK". 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 Format
WORD, (INT(I), VAL(I), I = 1,5) (A4, 1X, 5(1I3,El2.5))

Where WORD is either '"CONC", "DELH", "TABL", or "LOGK'". 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 “"(25)3
6) caok® = ca™t + on” -1.19 -1.40
(9) caso] = ca't 450" -1.50 -2.309
@ mgor® = wgtt 4 on” -2.14 -2.60
() Mgso] = Mg™t 4 s0” -1.27 -2.238
(12) Nas0, = Na' + 50" -2.229 -0.226
(16) Na,S0; = 2Na’ + 50,” 3.657 -1.512
(11) NaHcoj = Na' + Heo; —_ 0.250
(10) NacO; = Na' 4 coy” -8.911 -1.268
(14) Na,CO5 = 2Na’ + CO;” — -0.672
(20) NaC1® = Mat +c1” — 1.602
@y k1® = xt+ar” — 1.585
anwk1® = wecr” -18.630 +6.10
aneoe = ' +ow -13.345 -13.998
Q24,507 = 2"+ 50" —— 1.00

(26)Calg (CO4) 5 yo10mite)

=™+ wg™ e 2007 -8.29 -17.00
(24)CaC0; (o teey ca™ + coy” -2.959 -8.215
@5MECO; (o aiee) ug™ + col” -6.169 8.2
(27)CaS0, (v ca™ + s0” 3.769 -4.548

Anaiytical Expression

() carcoy = ca't + WO, Logk(T)" =  2.95 - .0133T
8) c;co‘; - catt 4 co;' x,m;l(('r)6 = 27.393 - 4114/T - .05617T
) MgrcOy = ug** + neo) Logk(T) = -2.319 + 1.1056x10°2T + 2.29812x107°12
() Mg} = ug™ + co3” Logk(T)® = -.991 - .00667T
(8m,co; = K+ BCO; LogK(T) = 14.8435 - 0.032786T - 3404.71/T
@ wo; = B +coy” LogK(T) =  6.498 - 0.02379T - 2902.39/T
an ko, = K490, Logk(T) = =3.106 + 673.6/T
as) o, = H + 80, Logk(T) = 5.3505 - 0.0183412T - 557.2461/T
Co, + By0 = Hy00] Log “;;:;)3 = Bo, - 14.0184 + 0.015264T
2 4 2385.73/1
@y CaC03 (calcite)
~ca™ + co}” Logk(T)’ = 13.870 - 0.0A03ST - 3059/T
(28) CaS0, (gypaum) - - 12 -3, %2
=ca™ + % LogK(T) = =4.6535 + 4.545x107°T - 1.01x10 'T

4

(footnotes, see next page)
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Footnotes to Table 1

1/ 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 AHi is available. The temperature dependence of
log K has been ignored.

5/ Jacobson and Langmuir (1974).

6/ Reardon and Langmuir (1974).

7/ Least squares fit to the data of Siebert (1974).
8/ Siebert (1974).

9/ Harned and Davis (1943).
10/ Harned and Scholes (1941).

11/ Based on the assumption that yHZCO3 is unity in C02 saturated

aqueous solutions. The temperature and ionic strength depend-
ence of YHzco3 in the presence of dissolved solids has been

estimated from the solubility of CO, in NaCl solutions (Harned
and Davis, 1943), and is log YHZCO3 = I (a - bI) where

T
I is ionic strength, T is temperature in °K, a = 33.5 - 0.1096
+ 0.001492, and b = 1.5 + 0.0150 - 0.00402 where O is temperature
in °C.

12/ wigley (1973).
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Table 2--parameters of the Debye-~Hiickel equationl

Major fons> a b
catt(1) 5.0  0.165
Mgt (1) 5.5 .20
Na' (3) 4.0 .075
O 3.5 .015
C1 (5) 3.5 .015
50, (6) 5.0 ~.04
HCO5(7) 5.4 0.0
co;'(S) 5.4 0.0
Minor ions3 a

OH (24) 3.5
Mcho;cll) 4.0

HSOZ(ZZ) 4.5
Naco;(17), NaSO;(lQ), KSOZ(ZO) 5.4

CaoK' (13), CaHCO}(14) 6.0

MgOH' (9) 6.5

H'(23)

1/

Numbers in parentheses are the subscript numbers for the fons ir MIX2.

Subscription for the neutral species is as follows: MgCOZ(lO), WgSOZ(lZ),
o o o o o . o,

Cach(lS)’ CaSSA(IG), Na§C03(18), N:2C03(21), Na2804(25), H2C03\26),

HC1 (27), NaCl (28), KC1 (29), H2804(30).

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.
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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 solutlon
saturated with calcite at a PCO of 10~2 atmospheres and 10°c.
2

After each mixture is solved, the solubility of calcite in the solu-

tion is computed. The CaHCOg ion pair is ignored via the optional

"LOGK" card. The input data set provides for 3 mixtures to be com-
puted (10%, 30% and 507 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

Co ) - groundwater

starting water + XMIX (Ca
3.907

.9818 0203

Mg SO
.87375.0597 4 0,

+ XMOL (Ca

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=8.2) where XMOL is the number of
moles of calcite precipitated alon§ the path. Two points along the
proposed reaction path (XMIX = 107~ and 10 moles) are presented.
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List of data cards for example 1

/% X
\
& 5
/
1 3 1.,0000-03 1,000n=-08 S,000D0-01
1.0000 Q0 1.000D0 00-8.359D 00

1.000D 01 3,0000 01 S.000D 01 i q
SOLUTION NUMBER 1
1.0000 01 7,3350 00 1.000D0 00 400 4,86028D~-03
2.16600D-03
LOGK 7-3,000000 01

SEA WATER SOLUTION NUMBER 2 DRYSSEN AND WEDBCRG(1974) 35 PPT, CL=z19e374PFT
1.000C 01 8.1500 00 1.000D 00 400 2.36820D0-03
1.066000-02 5.508000~-02 4.846300-0)1 1.058000-02 5.65720D-01 2.92600D0-02
LOGK 7-3.000000 01

List of data cards for example 2

000200110 2 1.0000=-03 1.0000=08 5,000D=01
0,8730 00 0,059D 00 0.093D0 00 0,907D 00

0.5800 00 0,0200 00 1.0000 00-8,200D0 00
1.0000-03 1,000D=02 :
SIMULATION OF CENTRAL FLORICA GROUND WATER CHEMISTRY, START = 1N,

245000 01 840000 00 1.000D 00 400 1,270000<-04

Be400000-04 2,300000=04 1,39000D=04 1,30000D=04 2,50000D=04 2,10000N=03
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TABLE 4 PROGRAM LISTING

PROGRAM MIXg AA
WRITTEN BY LoNe PLUMMERy Do PARRHURST, AND DsRs KOSIUR,. . AA
COMPLETED SEPTEMBEK 1975, AA
AA

##e DESCRIPTION UF INPUT a#s# AA
AA

CARD 1) 1UPT1sI0PTZ2oI0PT3,I0PT4s LUPTSyIOPT6sIQPTAsIOPTY,I0PTL O AA
NMIXyVOoCLOSE4HCLOSEWSTPSI1Z (91191594V10,3) AA

I0PT1 = 0 PRINTS THERMOCHEMICAL DATAs = 1 OMITS PRINT OF AA
UF THEKRMUCHEMICAL DATA. AA

IOPT2 = 0 PRINTS CUNVERGENENLE TTERATIONS ON CHLORIDE, = 1 TV AA
UMIT PRINT, AA

IOPT3 = ¢ PKINTS CONVERGENCE ITERATIONS ON PHy = 1 TO OMIT PHRT,AA
IoPT4 = v IF SOLUTION 1 IS TU BE MIXELD WITH SOLUTION 2 IN A AA
FIXED VULUME SYSTEM. = ] IF SOLUTIUN 2 IS T0 BE AA

TITRAT=D INTU SOLUTIUN 1, VO MUST BE SPECIFIEDy =2 IF AA

ANY NET STOICHIOMETRIC REACTION IS TO BE ADDED TO OR AA

REMOVEU FROM SOLUTIUN AA

IOPTS = v PRINTS SuMmARY OF TITRATION PH CURVE (IF I0PTé4=1).  AA
= 1 OMLITS SUMMARY OF PR TITRATION CURVE, AA

IOPT6 = U ROOTS AKE FOUND BY SCANNINGsLINEARs AND PARABOLIC AA
APPROXIMATIUN, AA

= 1 HOOT> AKRE FOUND 8Y SCANNING AND INTERVAL HALVING, AA

NUTE THAT TUPTe=0 IS SIGNIFICANTLY FASTER THAN I0OPT6=1,AA

IoPT8 = 0 IF NU PHASE ROUNDAKY IS TO BE FOLLOWED, = 1 IF ONE AA
PHASE BUUNDARY IS TU BE FOLLOUWED, AA

I0PT9 = Uy PHASE BOUNDARY wWILL BE FOLLOWED AT ALL TIMES (OPEN AA
_ BYSTEM OF HCH), PROVIUED 10PTHB=1. =i, PHASE BOUNDARY AA

WILL 8E FOLLOWED IF SOLUTION SUPERSATURATES WITH AA
SPECIFIEvV PHASE (PHAS(1)sKPHAS)s PRUVIDED IoPTE=], AA

THUSy 1F 10PT9=z0, THE SPECIFIED MINERAL WILL EITHER AA

VISSOLVE UR PRFCIPITATE IN MAINTAINING EQUILIBRIUM, 1IFAA

EQUAL TU 1y THF MINERAL WILL PRECIPITATE ONLY IN AA
MAINTALINING SI=KPHAS. AA

I0PT10 = 0 PRINTS CUNVERGENCE ITERATIONS ON PHASE BOUNDARY AA
SEARCH (41F 1uPTB8=1)s =] OMITS PRINT. AA

NMIX = IOTAL NUMBEKR OF MIXTURES TO BE MADE OR TOTAL NUMBER UF AA
TITRATIUN ADDITIONS (UF DEFINED SOLNe. 1 AND SOLN, 2)y AA

UR TOTAL NUMBER UF AOULITIUNS OR REMUVALS OF A NET AA
STOICHIUMETHIC REACTLIUN IF IUPTe=2, AA

Vo = INITIAL VULUME OF SYSTEM IF IUPT4 = L, OTHERWISE LEAVE AA
VO BLANR,  [F T0OPT4=1ly v0 MUST BE GREATER THAN ZERO ANDAA

Havk THE SAME UNITS AS XMIX(I). AA

CLOUSE = ABSULUTE VALUE OF SI URSIRED IN FOLLUWING PHASE AA
BOUNDARY. REASONABLE VALUE [S 0.00ls LEAVE BLANK IF AA

JOPTH NE. le AA

HCLOSE = rACTOR THAT IS MULTIPLIED TIMES THE ELECTRICAL BALANCE aA
T0 DEIEKMINE THE CLOSURE ON MASS BALANCE, 1.00-08 IS AA
REASONABLE. IF THE ELECTRICAL BALANCE IS 1.00-04, AA
CUNVERGENCE ON MASS bALANCE wOULD BE TO 1.0D-12 FOR AA

HCULSE UF 1,0n=08s ALl INITIAL SOLUTIONS CONVERGE T0O AA

1.00=15 REGARDLESS OF THE VALUE OF HCLOSE. LARGER AA

VALUES UF HCLOSE DECREASE THE TIME FOR CONVERGENCE OUN AA

MASS BALANCEy AND INCREASE THE ERRUR ON SPECIATION. AA

STPSIZ = FACTOR TRAT IS MULTIPLIED TIMES THE TOTAL LIMITING AA

CONCENTRATION OF SPECLIES IN THE PHASE~B80UNDARY MINERAL AA
INUROER TU DETERMINE THE STEP SIZE IN SEARCHING FOR THEAA
PHASE BUUNDARY, STPSIZ MUST BE GREATER THAN 0.0 AND AA
LESS THAW 1.0, VALUES OF 0.5 TO 0.9 ARE REASONABLE, AA
LARGER VALUES OF STPS5IZ USUALLY INCREASE THE SPEED OF aA
CONVERGENCE ON SATURATION, AA
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330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610



OO0 0000 OO0 0000 C OO0 COoOCO000CO0O000000C N COoooCO0n

CARD 2 CUtF(1)el=197 (8010 3) AA
COEF(I)= STUICHIUMETRIC COEFFICIENTS OF THE NET REACTION ’ AA
BEING ADULD TO UR REMUVED FROM SOLUT1ON, OMIT CARD & AA

IF 10rT4 NE. 2, ORUDER IS CAsMGyNASK9CL9SU&49CO3. AA

CARU 3  (PHAS(I)s1l=147) sKPHAS (8D10+3) AA
PHAS(I)= STUICHIUMETRIC CUEFFICIENTS OF THE MINERAL FOR AA
aHICH TRt PHASE BUUNDARY IS TO BE FOLLOWED. ORDER IS5 AA
CAyMOINAIKyLL9SV49CUIe OMIT CARD 3 IF I0PT8 NE.1 AA

KPHAS = Trt LUG UF THE EQUILIBRIUM CONSTANT FOR THE MINERAL AA
PHAS(Ll)s WRITTEN IN TERMS OF MINERAL = IONSs WHERE AA

FUNS ARE CA++9MG++9NA+IK+9CL=9S04==9 AND CO3=-, AA

CAKD 4 AMIX(1l) I=lenmMIx (8UlV,3) AA

XMIA(I)= PERCENT OF SULUTION 2 TO BE MIXED wITH SOLUTION 1y IF AA
10PT4=0, It I0PT&=le AMIX IS THE VOLUME OF SOLUTION 2 AA
(SAME UNITS AS vO0) TU BE aDDEL TO SULUTION 1. IF IOPT4 AA
=2y XMIA IS THE TOTAL NUMBER OF MOLES UF THE NET AA
KEACTLIUN (CUEF (1)) TU BE ADDED Tu THE SOLUTION, FOR AA
tACH DESIREU POINT ALUNG THE PROPOSED REACTION PATH, AA
AMIX(I) IS NeGATIVE 1IF THE REACTION IS TO BE REMOVED. AA
NMIX VALUES OF xM1Ix{l) ARE RtaDe IF NMIX IS ZEROs OMITAA

CARD 4. AA

CarD B TITLE (e¢VAs) AA
CARD © TEMP PH UENSsFLAG. IHOLU LUPTT4CUNITS(S) . AA
(VL0391 As3llslXeD12eD) AA

TemP = |EMPERATURE IN DEGREES Co THE TEMPERATURE UF MIXTURES aA

I5 ESTIMATEU LINEARLY FROM THE END MEMBER TEMPERATURES AA
AND ALL CUNSTANTS aNU THERMODYNAMIC DATA ARE RECOMPUTEDAA

IF TEMP UF SOLN 1NE.TEMP UF SULN 2. AA

PH = NEGATIVE LOG ACTIVITY He, AA
DENS = DENSITY UF SULUTION (v/cC) AA
FLAG = SIuNAL FUR UNITS OF 1WPUT CUNCENTRATION., 1=MEQ/Ls AA
2=MG/Ly 3=PPMy 4=MOLALITY, AA

IHOLD = SIGNAL USED TO HOLD A PREVIOUS ENDMEMBER SOLUTION AA
CUNSTANT Un SUCCESSiIVeE MIXING OR TITRATING CASESe AA

$AULD MUST bE ZERU FUR THE FIRST 2 ENDMEMBER SOLUTIONS AA

INPUT.  UIv ADDITIONAL MIXING CASESs IHULD MAY BE 0,.150RAA

2. 1F 1H0LU=0, 2 NEw ENDMEMBER SOLUTIONS ARE READ IN, AA

IF IHULU=Ll, THF PKREvIUUS DEFINED SOLUTION 1 IS SAVED AA

AND SULUTIOn 2 1S REULEFINED BY INPUTe THE OPPOSITE IS AA

TRUE [F LHQLD=?. AA

I0PT! = U IF CHLURIDE OR PUTASSIUM ARE TU Bt ADDEULU TO THE AA
INITLAL SULUTION FUk CHARGE BALANCE. = 1 IF THE PH AA

OF Trt INITIAL SOLUTIUN IS TU HBE ADJUSTED FOR CHARGE AA

BALANUCE o AA

CUNITS(5) = TUTAL CONCENTRATIUN OF CHLOKIDE IN SOLUTIONe AA
CARD 7 CUNITS(1)s CUNLITS(2)s LUNITS(3)s CUNITS(&)s CUNITS(6) AA
CUnITS(T) (oL12.5) TOTAL CONCENTRATIONS OF CAsMGsNAs AA
ReSUGsAND CUZ (LN ORDER) IN INITIAL SOLUTION AA

CAKD 8 BLANK CAKU AA
CARD 9 - 1¢ KEFEA! CARUS & = 8 FUKR SOLUTION 2,IF I10PT4=0 OR 1, AA
AA

FOR ADDITIUNAL CASES, REPEAT CARWS 1=-12 IF IHULD=0, UR 1=8 IF AA
IHOLD = 1 OR 2. AA
eee OPTIUNAL INPUT .., (A491X95(1I3,012.5)) AA
AUDITIUNAL INPUT IS5 UPTIUMAL AND APPEARS BETWEEN CARDS 7 AND 8 ANDAA
(IF IHOLO=U) CARUS 11 AND 12. AA

THE CUNCENTRATIUNS uF INDIVIDUAL IONS AND ION PAIRS CAN BE INPUT AA

ON OPTIONAL CONC CARDSe TAESE VALUES ARE SUMMED WwITH THE PREVIUUSAA
READ CUNITS(1)=CUNITS(T7) VALUES. THIS PRECEDURE IS USEFUL AA
PARTICULARLY FOR THE CARBONATE SPECIES, AA

THRERMOODYNAMEC DATA IN THE PROGRAM MAY BE CHANGED ON APPROPRIATE AA

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
liz20
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220



OO OOOO0O0

10

20

3u

49

50

60U

70
80

OFTIUN CARDS. DtLh CaxDS ARE USEW TO CHANGE UELTA H OF REACTION. AA
TABL CAKLS CAN CHANLE LUG K OF WEACTION AT 25 DEGREES Cs AND LOGK AA

CAKRDS CAN CHANGE TEMPERATURE CURRECTED LOG K VALUES. SEE THE AA

WHITEUP FUR INFURMATION On OPTIUNAL INPUT. AA

IF OPTIONAL THERMUDYNAMIC DATA AKE INPUT FOR SULUTION 1, THE SAME AA

OPTIONAL DATA MUST Bt KEAD FOR SULUTION 2, AA

ThE LAST CARD IN THE DATA STREAM FOR EACH SULUTIUN DEFINED MUST AA

BE BLANKRe Wt THER UPTIUN CARDS ARE USED uR NOT. AA

AA

IMPLICIT HeAL¥#8(A=hsU={) AA

INTEGER OsbeDDeLISTI(6) oLCHEK(S0) oFLAGeSIG1eSI024LIST2(10)+SIG39SIAA

1V49SIG59S10OWRBIT AA
DCUBLE PRECISION K1 (30) oLOGKT (30) 9LUOGKTO(30) 9L H20 s MUHALF yMUsKWsRKPHAA

L1ASeMI (30) oMOTUT S RTUT o NATOToNSPEC(30) o NREACT(30) oNTOT(T) AA
VIMENSIUN CUEF(T)9 PHAS(T7)s VALU(/Z)e XNT(T)s AP(30)s DUMI(100)s X4AA

l(y) AA

COMMUN /a7 GRAMS(J30) sCUNITS(30) oUH(30) sDHA(I0) 2OFW(30) oXLMI(30) 9XLAA
LALFA(30) o XLLAM(30) 92 (30) oKToLOUKT oL H20 9 MU MUHALF ¢ KWeCLTOTsPHJELECTAA
2eMT 3 GAMMA(30) s X1(8) 9X2(8) ¢CATOTyMETOTHNATOTsKTUTSXMIX(100) +4CO2TUTAA
ISUaTUT IS 9520530 TESTL o TEST2eTESTILUGKTO s TEMPJUENSsA9sBs TENPHyAHZO 9 AA
4CleClSAVEsEFMANGEPMUAT 9 CEPMANSCEFPMCToToT1oT29ALFA(30) o NSPECsHCLOSEAA
SeNTOT A3 (8) oNREACT o TITL(20) 9DebsDULISTI9LCHEKILIST291HOLD JOPT1s1AA
6UF T2y IUPT3eNSTER o IMIXyRBITeNl 9 lCHECKy IDATSIOPTT91TEMPLISIG(9) 2 ITERAA

ILAT=Y AA
V=30 AA
£=30 AA
VE=L+1 AA
CUNTINUE AA
READ (596609END=600) JUPT1+I0PT2e10PT3IsI0PT4sIUPTSI0PT6,I0PT8,10PAA
LTYsIUPT109NMIA9VUSLLUSE sHCLOSE »STPSIZ AA
STPSAV=STPSIL AA
ITEMP=0 AA
NSTEP=0 AA
IPH=0 AA
IvIx=0 AA
NANMIA=NM]IA AA
IF (10PT4.buw.2) LU TOU 29 AA
6C TO 30 AA
CONTINUE AA
HEAD 6709 (CUBF(L)sl=1e0) AA
CUNTINUE AA
IF (LUPTsebu.l) GO Tu 4«0 AA
uC TU 50 AA
CUNTINUE Aa
READ 670y (PHAS(I)9i=197) 4KPHAS AA
CUNTINUE AA
IF (NMIA.EWeD) GU TU 60 AA
READ 670y (XMIX(I)ol=]1¢NMIX) AA
CUNTINUE AA
CALL PREP AA
CALL SET AA
CALL SET1(516isSIucedSiug) AA
CALL SET1(51049SILS9S51GH) AA
AMOL=0ULY AA
ILOOK=0 AA
1PASS=0 AA
IPHAS=0 AA
DC 70 I=1,9 AA
ISIG(I) =0 AA
CONTINUE AA
CONTINUE AA
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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
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830



90

100

110

120

130

140

150

160

170

180

190

200
210

220

230

1

BEGIN MASS BALANCE LOOP AA
CALL MUDEL AA
IF (NleLte4) ICHECK=] AA
IF (N1.GT.80) GO TU 99 AA
IF (ITER.EW@eS0) LU TO 1Il0 AA
IF (ICHECK.LW.l) GU TO 80O AA
ITER=ITER+] AA
U0 100 I=1ley AA
ISIG(I)=0 AA
CONTINUE AA
IF (NSTEP.Nt.0) GO TU 220 . AA
IF (NSTEP.EW.0«ANP«IPASS.FWsl) LU TO 220 AA
BEGIN CHARGE BALANCE LOOP ON INITIAL SOLUTION, AA
IF (ELECT 6T Ue0VUsANDITER.EQel) IBALNC=9Q AA
IF (ELECTeLT.UeODUSANDITERLJEQel) IBALNC=1 AA
IF (IOPT2.EW.]1) GU TO 120 AA
PRINT 6900 XTERSsTEST1.TEST2,TESTIeELECTyNI] AA
IF (ITER.GEL50) w0 TV 590 AA
CONTINUE AA
IF (DABS(ELECT) .LTeleD=15) GO TU 290 AA
IF (IOPTT.t@,1) GO TU 150 AA
IF (SIGl.EWe0eANDV«S16G2.E0,0) XINT3DABS (ELECT) AA
IF (IBALNCJ.EW.1) 60 TO 180 AA
IF (IOPT6.Ew.]l) 60 TU 130 AA
IF (SIG3.6E.1) GO TU 140 AA
CONTINUE AA
CALL ZERO(CLTUT ELECToRINT¢SIGle51G29SIGI4I0OPT6s0sP1lsP2ySAVPELVE2AA

AA
GG TO 210 AA
CALL PARBUL (SIG3sPleb]sP2,E2yPMIUIEMIDICLTOTSELECT) AA
G0 TO 210 AA
CONTINUE AA
IF (SIGl.EWe0+sANDeSIG2eEQ,0) XINT30,500 AA
IF (IOPTb.EW.l) GU TU 160 AA
IF (SIG3.6E41) GU Tu 170 AA
CONTINUE AA
CALL ZERU(PHELECToXINT+SIG1+SIG29SIG3sI0PTOs0sP1sP2,SAVPIELVEZ) AA
GO 7O 21¢ AA
CALL PARBOL(SIGIsPleElsP2,E2yPMIUIEMIDPH,ELECT) AA
G0 70 210 AA
CONTINUE AA
IF (IOPi6.tt,1) OU TO 190 AA
IF (SIG3.GEel) 6L TU 2u0 AA
CONTINUE AA
CALL ZERO(KTUTHELECTaXINT,SIGleS1G2,SIG3,I0PTEeleP19P2+SAVPEL1eE2)AA
60 70 210 AA
CALL PARBOL(SIG3sPloeb19P2,E29PMIDIEMIDIKTOTHELECT) AA
CONTINUE AA
ISAV=ITEK AA
CALL SE] AA
ITER=1SAV AA
GU TO 8O AA
CONTINUE AA
FIND PH FOLLOWING REACTION PROGRESS, AA
ELECT=0400 AA
DC 230 I=1D AA
ELECTSELECT+Z (1) #MI(]) AA
CCONTINUE AA
IPH=IPHe] AA
IF (IPHJ0E«50) GO TV 600 AA
IF (ILOOK.EW,l.0ReIPASS.EQG.1) GO TO 240 AA
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1840
1850
l860
1870
1880
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



240
250

260
270

280

290

300

310
320

330

340

350

360

IF (IOPT3,EW,0) PRINT 700s NSTEPs IPHePHIELECToTEST14TEST2.TEST39N1AA

GO TO 250

IF (IOPT10eEuwe0) PRINT 6209 IPHoPHIELECTsTEST1sTEST2+TEST3 N1
CONTINUE

IF (DABS(ELECT)«LTeleD=15) GO TU 290

XINT=0.200

IF (IPHeOEeReANDeSIO3,EWen) XINT=1,00

IF (IPASS.EW.1) AInT=]1.D0

IF (IPASS«tWe1eANDSIGH.GEL2) XINT=0,2D0

SAVPHEPH '

IF (IOPTestud.l) GU TU C60

IF (SI63,6kel) GU TU 270

CONTINUE

CALL ZERU(PHoELECTsAINT9SIG19SIGC9IS1IG39I0PTOs09PLlsP29SAVPSELLER)
GC 10 280

CALL PARBUL(SIG3sPLleE1sP2,E2+sPMIVIEMIDPHYELECT)
CONTINUE

IF (DABS(SAVPH=PH) ¢ LE .2.0D=04) GU TO 290

CALL SET

GC TO 8u

CCONTINUVE

ITer=0

IPH=0

END OF MASS AND CHAKRGE BALANCE LUUPS,

IF (IPASS.tW.1.0KelLOOKEQal) GV Ty 320

IF (NSTEPJNE V) UUMLINSTEP)=PH

CALL PRINT

IF (IHULDeEW 2 OKeIMIXeEUW,1) GU TU 300

IF (IHOLDEW,1.0ReIMIXLEQ,2) GU TU 310

GO 1O 32¢

CALL SAVE(X1sCATUTIMOTOTsNATOTsKTIUTSCLTOT9S04TOT,,CO2TOT)
PHSAVE=PH

6U TO 320

CALL SAVE(XZsCATUTIMGTUTSNATOToKTUTCLTOT9SV4TUT4CO2TOT)
IF (DABS(T1=T2),0T.0.001D00) ITEMP=]

CONTINUE

IF ([OPT8.tuw.l) 6GU TU 330

GC TO “uo0

CUNTINUE

IF (NSTERPeEW U e ANDeNMIAJNE Q) ©U TO 500

BEGIN PHASE CSUUNUARY SEARCH.

IF (IPHAS.tW.0) GV TU 340

6U TO 320

CONTINUE

IF (IO0PTluebuWed) PHRINT 630

CALL SETi(S16495106595106)

CALL SAVE(X39CATUT9MGTUTeNATOTIKTUTSCLTOTSUATOT$CO2TOT)
CONTINUE

ITER=0

Nl=0

SLM=000

ILOOK=0

00 360 I=ls6

VALU(I)=0eD0

IF (ALFA(L) aGTe0.UU) VALU(I)=PHAS(I)*DLUGLO(ALFA(]))
IF (PHAS(I)eNE«UaUDVeaANDJALFA(L) eEL0,000) ILOUK=]
SUM=SUM+VALU (1)

CONTINUE

VALU(T)=0.00

[F (ALFA(3)e6TeueDU) VALU(T)=PHAS(7)%DLUGLO (ALFA(8))
IF (PHAS(T7) oNE« Qe UVVANUGALFA(T) oLEo0,0L0) ILOUK=]
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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



370

380

390

400

410

420

430

440

450

460
470

~52-

SUM=SUM+VALU(7) AA
IF (SUMeEWsQ.0D0.0ReILOOKL,EQel) SUMm=],0D]+KPNAS AA
SI=SUM=KPHAS AA
CALL SAVE (X49CATOT9MGTUT4NATOTIKTOTSCLTOT9S04TOT»CO2TOT) AA
IF (DABS(SI}.LT.CLOSE) GO TO 460 AA
IF (IPHAS.GT.¥) 60 TO 370 AA
IF (SIeLTe0,000.ANDIOPT9,.,EQ.1) GQ TO 500 AA
CONTINUE AA
IF (ILOUK.EQ.1) 6U TO 430 AA
IF (SIG6.EQ,5%) GO TU 380 AA
GO0 TO 390 AA
CONTINUE AA
IF (SI1#3IMIDWLT«0400D0) XMOL=(XMOL1eXMID)/2.0D0 AA
IF (SI2#SIMID.LTeVeVD0) XMOL=(XMUL2+XMID) /2,000 AA
PRESTP=STPS1Z AA
STPS12=STPS$2/3.,000 AA
PRINT 6109 PRESTPeSTPSIZ AA
CALL SET1(S1G49SIG59SI0L6) AA
CONTINUE AA
IF (SIG6.GT40) GU TU 410 AA
D0 400 I=ly7 AA
ANT(I)=100.00 AA
IF (PHAS(I) eGTe0eD0) XNT(I)=X4(1)/PHAS(I) AA
CONTINUE AA
SIZE=UMINL (ANT (1) o XNT (2) s XNT(3) o XNT () s XNT(S) 9 ANT (6) ¢ ANT (7)) AA
SIZE=SIZE®*S5TPSIZ AA
CONTINUE AA
IF (I0PTosEdel) GO TU 420 AA
IF (SIG6.GEel) GU TU 440 AA
CONTINUE AA
CALL ZERO(XMOL9SI9S1ZE+SIG49SIGO¢SIG6yIOPTOe 19 XMOLL s XMOL29SAVMLSIAA
119512) AA
IPASS=1 AA
CALL STEP(CATOTyMGTUT9CO2TOT9sSO4TUToCLTOTINATOTIKTOT X339 X2 XMIXINSAA
1TEP929VO0sTloT29 TEMP9PHASy XMOL s IOPT8,IPASS) AA
GO TO 450 AA
CONTINUE AA
AMOL=1400=03 AA
IPASS=1 AA
CALL STEP(CATOTyMGTUT,CO2TOT9SUSGTOT9CLTOToNATOToKTOToXI9X29 XMIXINSAA
1TEP 929V0eTl e T2eTEMPoPHASy XMOL 9 IUPT8 IPASS) AA
IPASS=0 AA
G0 TU 450 AA
CUNTINUE AA
CALL PAKBUL(SIGO69AMULL1SI19XMOLEISI24XMIUsSIMIDXMOLSSI) AA
IF (AMOL oL T o XMULLaURCXMOL ,GTo XMOL2) GO TO 380 AA
CALL STEP(CATUT o MGTUTsCU2TOTsSUATOTsCLTOToNATOTOKTOTIXI9X29XMIXINSAA
L1TEP929V0eT1sT2+TEMP9PHAS s XMOL s IUPTB9IPASS) AA
CONTINUE AA
NSTEP=NSTEP=) AA
IPHASSIPHAS*] AA
IF (IOPT10eEWe0) PHINT 6409 IPHASIXMOLSI9PH AA
IF (IPHAS.GT,.30) PRINT 810 AA
IF (IPHAS.6T.30) GU TO 470 AA
IPH=0 AA
CALL SET AA
CALL SET1(SIGlsSIGR9SI0GI) AA
GC TO 8 AA
PRINT 650 AA
PRINT 8009 XMOLs (PHAAS(I)sI=107) AA
CALL SET1(SIG19SI6cySIG3) AA

3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
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3200
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3220
3230
3240
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3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
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480

490

500

510

520
530

540
550

560

ITER=OQ

N1l=Q

IPASS=Y

END OF PHASE BOUNDARY LOOP,

DO 480 [=le7

GRAMS ([)sMI(1)#GFW(])

XLMI(I)=000

IF (MI(I)eGT.0D0) XLMI(I)=DLOGIU(MI(I))
CONTINUE

PRINT 770 .

CALL SAVE(RI9sCATUTIMGTOTyNATOToKTUTHSCLTOT+S06T0T,CO2TOT)
DO 490 I=l.7 ’

PRINT 7809 NTUT(I) 94 (1) eX3(1) e XLML(I)sGRAMS(])
CUNTINUE

CALL PRINT

CONTINUE

STPSIZ=STPSAY

1PHAS=0

IrOLD=O

IF (JUPT4 W@ 2eANDIMIX,EQsl) IMIX=nQ

IF (IOPT4.Ed.2) GU TU 530

IF (IMIXKWEWel s ANDeNAIXeGT,0) WU T4 60

IF (IMIX,EQe2) IMIA=U

IF (NSTEPCEW.NMIXeAND,JUPT4,EQel) GO TO S10
60 YO 530

CONTINUE

IF (IOPT4.EW,0.0ReIUFTS,EQ,1) GOV TO 10
PRINT 7Llus VO

vEUM=0,000

PRINT T20s VUUMJPHSAVE

UG 520 I=lenNMIX

PRINT 7209 AMIX (1) sUUML(I)

COUNTINUVE

6C 10 10

CONTINUE

IF (NSTEP+EGNMIX) LU TO 10

COMPUTE MASS CUMPUSLITIUN FOR DESIKED REACTION PROGRESS.,

CALL STEP(CATUT MGTUT,CO2TOT9SUGTUT«CLTOToyNATOTIKTOToX19X29XMIXINSAA

1TEPIOPT49VUOsT19TCo TEMP 9y COEF ¢ XMOL s JUPTE+0)

AMOL=0,000

IF (ITEMP.EQel e ANV IUOPT4,NEL2) GU TO 540

G0 TO 550

CALL PREP

CONTINUE

AMIX=1,02=XMIA(NSTEP)

PRINT 640

IF (I0PT4eEW40) PRINT 740, NSTEP!Q”IX’!MIX(NSTEP)
IF (IOPT4sEuWel) PRINT 750, NSTEPoVOXMIX (NSTEP)
IF (I0PT4.Eas2) PRINT 790

IF (10PT4.EQ.2) PRINT 800, XMIX(NSTEP) s (COEF(I)sI=1,7)
IF (NSTEP.EW,1) PHEPHSAVE

CALL SET1(S$G19SIi02s51063)

CALL SET

EPMCAT= (NATUT+KTUT+2.,00#% (CATOT+MGTOT) ) ®1D3
EPMAN= (CLTUT+C02TUT+2,00#S04T0T) #1103

DG 560 I=l.7

GRAMS (1 )=MI(I)%*GFw({)

AKLMI (1) =000

IF (MI(I)eGT,0D0) XLMI(I)=DLOGLO(MI(I))

CONTINUE

CALL SAVE(X3IsCATOTIMOTOTINATOTsKTOToCLTOT»S04TOT,4CO2TOT)
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3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3960
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
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4090
4100
4110
4120
4130
4140
4150
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4170
4180
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4200
4210
4220
4230
4240
4250
4260
4270



PRINT 770 AA

D0 570 I=1y7 AA
PRINT 780, NTUT (L) 9 (1) o X3(1) 9 XLMI (1) 9GRAMS (I) . AA

570 CONTINUE Al
IF (IOPT3,EW.1) 60 T0 Ssp AA
PRINT 730 AA

580 CONTINUE AA
IF (IOPT3.EW.1) PRINT 680 AA
IPASS=0 AA
RETURN TO MASS AND CHARGE BALANCE LOOPS AA

G0 10 80 AA

590 PRINT 7609 wtvl9ITER . AR
600 CONTINUE AA
END OF PRUGRAM AA
STOP AA

AA

AA

610 FORMAT (//sl0xyr##n88 THE PRESENT VALUE OF STPSIZ (*9FS5.2+%) IS TOAA
10 LARGE. A VALUE UF 19F5,241 IS BOW BEING USED. #eswwniy/y) ~ AA

620 FORMAT (4BX012C92A9F04394(2X9D10.3) 33X913) A
630 FORMAT (///97X9s1===CONVERGENCE UN PHASE BOUNDARY===t323Xyte~aCONVEAA
1RGENCE ON MASS anb PH---'g/.SXO'IfER'9419'NOLES'o9XQ'Sl'|IOK9'?H'pAA

4280
“290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460

A 4470

4480
4490

27X9'IPH',JK;'PH'Q7KQ'ELECT'QSX"SI-COZ‘OT'Q3X9'SZ‘SO4TOT"3X!'ss'CAA 4500
LTOTY 92X *N MODEL?Y) AA 4510
640 FURMAT (5X913+43(24901043)) AA 4520
650 FORMAT (/9lH1l910A9? THE PHASE BOUNUARY HAS BEEN FOUND?) AA 4530
660 FORMAT (91191594U1043) AA 4540
670 FORMAT (8D10.43) AA 4550
680 FORMAT (//) AA 4560
690 FORMAT (1lH 023XQIJOSX|3(EI3.603X)93X9£2301601X914) AA 4570
700 FORMAT (20!01“02%0IﬁoEX:Fl0.692&9b13.603XQ3(513.6'2X)olXOIQ) AA 4580
710 FORMAT (Y1'//10X9'TITRATION OF SULUTION 1 BY SULUTION 2Y//10X9"INIAA 4590
1TIAL VOLUME = VoFTea9t MLY//71SXKe 'V (ML) PHY//) AA 4600
720 FCRMAT (19X 9FTe304XsF7,3) AA 4610
730 FORMAT (//945X91=== CONVERGENCE ITERATIONS ==='9//921 X0 'NSTEP 192X, AA 4620
l'IPH'95K9'PH'¢4X,'£LtCTRICAL BALAKNCE Sl-COZTOT'QSXQ'SZ'SQQTOT"7XAQ 4630
29'S3=CLTUT Y sSxy 1N MUDEL Y4 /) AA 4640
740 FCRMAT (///4bxp 18ttt 0tanunnsn MIXTURE NUMBER 1939 CONTAINING *9F5,2AA 4650
le* PERCENT UF SOLUTION 1 AND *9F5Se24 PEKCENT UF SOLUTION 2 sewesepp 4660
2Henny///) AA 4670
750 FORMAT (//10Kgrusstttnnson MIXTUKE NUMBER %9134 CONTAINING *sFTe39AA 4680
1 ML OF SOLN 1 Anp "sFTe340r ML OF SOLN 2 #itnRndieney//) AA 4690
760 FORMAT (lUxgatn] = "91a9SX ' ITER = 041440 CALCULATION TERMINATED',/AA 4700
1) AA 4710

770 FORMAT (4UXet==a TOTAL CONCENTRATIONS OF INPUT SPECIES =wwte//990XAA

4720

1o'TOTAL " 913Xs 'L00 TVTAL'.IZX-'TOTAL'./03JXQ'SPECIES'QBXQ'MOLALITY'AA 4730
2-12x,'MOLALiTY'.9Ao'GRAMS/KGM HZU'9/03319'-'--‘f"96X9'--------'QIAA 4740
JZX;'--------"9K9'-'----------"'/) AA 4750
780 FORMAT (1M ¢32x.Aa.F3.o.3x.Ela.eoux.r9.¢.ax-E13.o) AA 4760
790 FORMAT (1H1) AA 4770
800 FORMAT (2X94D12.59" MOLES OF CA('9ﬁ5.3o')MG('oF5-39')Nﬂ('9F5-3c')K(AA 4780
l'oF5.3o')CL('.FS-Jo')504(',F5.3")c03('cF5.3.') HAVE BEEN ADDED TOAA 4790
2 SULUTION NQ,. 11s/) AA 4800
810 FORMAT (//910X9'UNABLE TO FIND THE PHASE BOUNDARY IN 30 ITERATIUNSAA 4810
ls CALCULATIUN TERMINATEDY,/) AA 4820
END AA 4830=
SUBKUUTINE PREP B8 10
IMPLICIT REAL#8 (A=Hs0=2) BB 20
INTEGER‘SIGN(Z)-10H(30).IKTO(30)olKT(SO)oRBIT BB 30
INTEGER u,EpDDoLISTl(b)cLCﬂEK(#O)cFLAGoSIGloSIGZoLISTZ(IO)oﬂORDoCABB 40
1RD(S) 9 INT(5) :1:] 50
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10

20

30

40

50

60

70

DOUBLE PRECISION KTV (30)9LOGKT (30)9LOGKTO(30) ¢LH204MUHALF ¢MUsKWsKPHBB

LASeMI(30) sMETOTsKTOT9NATOT o« NSPEC (J0) sNREACT (30) sNTOT(T7) B8
OIMENSION CUEF(T)9 PHAS(T)e VALULT)y XNT(7)s AP(30)s DUM1(100)+ VABB
1L (S) B8

COMMUN /A/ GRAMS(30) sCUNITS(30)9sUN(30)sUHA(30) +GFW(30) e XLMI(30)+XLBB
1ALFA(30) 9 XLGAM(3U) 9£(30) sKTsLOOGKT oL H209MUs MUHALF ¢ KWsCLTOT9PHsELECTBB
29MI4GAMMA (30) 9 X1 (8) 9X2(8) ¢CATUOTsMGTUT¢NATOToKTOT9XMIA(100)+CO2TUT BB
3S04TOT9S1 952953 TEST1yTEST29yTESTIVLOGKTU2TEMP4DENS+A9Bs TENPHAHZO BB
4CLyCLlSAVE sEPMANSEPMCAT 9 CEPMANGCEPMCT s ToT1eT2+ALFA (30) yNSPEC+HCLUSEBB
SeNTOTsA3(8) sNREACToTITL(20) 9DsEsDDyLIST1oLCHEKsLIST291HOLD9JOPT1, 188
6UPT2s LOPTIoNSTEP 9 IMIXgRBIToNL s ICHECKy IDAT» IOPTT9ITEMPe1SIG(9)+ ITERBB

OATA CARD/ICONCY 9 YDELHY o VTABL Y9 'LEGK Y o v/ BB
DATA SIGN/Y terary B8
IF (NSTEP.NE.O) 00O TU 170 8B
C=2,30258509200 88
H=2]1,987190-03 88
ISTAR=0 8B
1PRT=0 88
VC 10 I=1E . B8
IDH(I)=SIGN(]) BB
IKTO(I)=sI6N(L) 88
IKT(I)=SIGN(D) B8
CONTINUE 88
READ SOLUTIUN DATA 88
READ 360y TiTo 88
IMIX=IMIX+] B8
DO 20 I=l,V BB
CUNITS(1)=0u0 88
ALFA (L) =000 -]-]
MI(I)=000 [-1:]
XLMI (D) =vDV BB
CONTINUL ' BB
READ 370s TEMPsPHeUENSFLAG IHULV9IOPTTsCUNITSI(T) -1}
KEAD 380e¢ C..NITS(1)eCUNITS(2)9CUNITS(3)sCUNITS(4)9CUNITS(5)sCUNITSBB
1(6) B8
READ OPTIONAL CONCENTRATION INPUT 88
READ 3909 WORLg (INT(I)eVAL(])9sI=105) BB
IF (WURDEWeCARD (D) s UNeWORDGWE«CARD (1)) GO TO SV BB
DC 40 I=145 88
IF (INT(I)ebWeU) GO TO 40 BB
CUNITS(INT (L) )=VAL(]) BB
CUNTINUE BB
60 TU 30 8B
CUNTINUE B8
IF (IHOLDJEW. 1) JHULU=Z2 B8
IF (IHOLD.Ede2) JHOLD=1 BB
IF (IHOLDeNE.0) IMIX=2 BB
CUNVERT CUNCLENTRATIUN UNITS TO MULALITY 8B
IF (FLAGWNELL) GU Tu 70 B8
DO 60 I=140 BB
IF (Z(1)eLTo0U0) Z1==1400#Z2(1) 8B
IF (Z(1).EW,000) <41=1,00 8B
IF (Z2(1).0T,0UL0) £1l=2(]) BB
CUNITS(I)=CUNITS(I)®GFw(I)/2Z] 88
CUNTINUE B8
FLAG=2 i 88
CONT INUE B8
IF (FLAGeNES2) GU TU 9V B8
DO 80U I=1s0 B8
CUNITS(I)=CUNITS(L)/DENS 21:]
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60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
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340
350
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400
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500
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590
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610
620
630
640
650
660



au

S0

100

110
120

130

140

150
160

w70

180
130

CONTINUE 8e
FLAG=3 B8
CONTINUE 88
IF (FLAGW.NE+3) G0 TO j2u 88
Cl=000 88
DU 100 I=1sD B
Cl=CI+CUNITS(1) o8
CONTINUE BB
00 110 I=1,0 88
C1SAVE=C] 88
MI(I)=(CUNITS(I)/(140D*036GFW(1)))#(100/(1D0=1,0D=06%C1})) 88
IF (MI(I)«6T.0DU) ALMI(I)=DLOGLO(MI(I)) 88
GHAMS (1) =M1 (1) *GFw(]) B8
CUNTINUE 88
GO0 TO 140 88
CONTINUE 88
Ci=uDo 88
IF (FLAG.NEe4) GO TU 280 88
DO 130 I=lsi es
MI(1)=CUnITS (1) 88
Ci=Cl+MI(I)RGFW (1) *1U3/DENS 88
IF (MI(1)a6F,0D0) ALMI(I)=DLOGLO(MI(I)) 88
GRAMS (I)=MI (I)*#GFw(I) 88
CUNTINVE 88
CiSAVE=Cl 88
CUNTINUVE 88
EPMCAT=000 88
EPMAN=0DO 8B
DO 160 I=lyb 88
1F (Z2(1).6Te000) 60 TO 1S0 88
EPMANZEPMAN=Z (1) #M1 (1) 88
GO0 TO 160 88
EPMCAT=EPMCAT+Z(1)#M] (1) 1]
CONTINUE 8a8
EPMANZEPMANR]ID3 88
EPMCAT=EPMCAT*1D3 (-]}
COMPUTE TEMPERATURE DEPENDENCE OF DEBYE=HUCKEL CUONSTANTS 88
T=TEMP+273.160U0 88
IF (IMIX.EWeleANDNSTEP,EQ.0) TI=TEMP 88
IF (IMIX.EQe2s ANDeNSTEP EQ.0) TEZ=TEMP -]}
S1=374,1100=TEMP 88
S2=514%#%(,33333300 88
S32DSART ((10U+0.134248900452-3,946263D~03%#S1)/(3,197500~,3151548p088
1#S2=1,2033740~3451+7.489080=13%51%400)) 88
IF (T«LT.373.1600) 60 TO 3180 88
C1=532100/T4233,T6UU=T# (T#(8.292U=74T=1,4170=3)+,929700) 88
60 10 190 88
Cl=87474DU=TEMP# (TEMP# (] 441D=6%TEYP=9,3980~4) +¢4008D0) 88
CONTINUVE 88
C1=DSQRT(Cl*T) B8
A=18246,0002#S3/C1%%3Dy 88
B=50,2900%53/C1 88
IF (NSTEPWNELO0) GV TO 240 88
SET TOTAL MULALITIES OF INPUT SPECIES 88
CO2TOT=MI(7) +MI(20) *MI(8) +MT (10) ¢MI(L1)+ML (L&) +MI(15)+MI(1T)+MI (1888
1)+MI(21) 88
CATOT=MI(1)*MI(13)¢MI(14)eMI(15) 88
MGTOT=MI(2) +MI(10)*MI(1]1)eMI(12) 88
NATOT=MI(3)*MI(17)eMI(18)+MI(19)+2,00%MI(21)+2sD00%M](25)+M](28) 88
KTOT=MI (4) +MI (20) +MI (29) 88
CLTOTSMI (5) ¢MI(27) *M1 (2B) «MI (29) es
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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
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980
990
looo
1010
lo20
1030
lo40
los0
1060
1070
1080
lo90
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
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1220
1230
1240
1250
1260
1270



200

210

220

230

240

250

260

SO4TOT=MI (6L+MI(12)*MI(16) +MI(19)+MI(20) +MI{(22) *MI (25) +MI (30)
CALL SAVE (X34CATUTeMGTOTsNATOToKTUTHCLTOTS04TUT,,CO2T0T)
SET OPTIONAL DELTA H OF REACTIUN DATA

IF (WORUDLEWeCARD (D) ¢UR.WORD,NE+CARD(2)) GO TO 220
DO 210 I=1l¢5

IF (INT(1).tW,0) WO TO 210

OH(INT (D)) =vaL(])

IOH(INT(1))=SIGN(2)

ISTARs]

CONTINUE

READ 390, wORDe (INT(I)oVAL(I)eI=105)

60 T0 200

SET OPTIONAL LOG K (25 VEG) DATA

IF (WORDJEWsCAKD (D) sUR,WORD,NE.CARD(3)) GO TO 240
DO 230 I=1e5

IF (INT(I)+EQeU) GU TO 230

LOGKTO(INT(£))=vaL (I}

IKTOCINT (I ¥=SIGN(2)

1STar=1

CONTINUE

READ 3909 WURDs (INT(I)eVAL(I)el=1e5)

60 TO 220

CONTINUE

VANT HOFF EWUATION FOR EFFECT OF T ON K
Cl=z(298,16DU=T)/(296,]16D0#T#C#*R)

DU 250 I=1l+E

LOGKT (I =LO0GKTO (1) =DH () ®C]l

LCHEK (I)=0

IF (LOGKT (I),LT,=€00U0,0R, LUGKT(I),GT,20000) LCHEK(])=1
IF (LCHEK(IX,EW.l} 60U TO 250

KT(I)=1D1**LOGKT (D)

CONTINUE

ANALYTICAL EXPRESSIUNS FOR EFFECT OF T ON K
C1=0DLOGLO (T
KT(1)=2101%%(6,49800=0,0237900%T=£2902,39/T)

KT (3)=1D1%%(499100++00667D0#T)

KT (4)=2101%"%(2,31900~=1,1056D~02%7+2,298120=05%T*T)
KT(7)=1D1%%(=2,9500¢,0133D0%T)
KT(B)=1D1#¥(=27,39300+4114,00/T+.U5617D0%T)
KT(13)=1D19%#(3,1000U=673,6D0/T)
KT(15)=101##(+5574246100/7~5,350500+0,018341200*T)
Aw=KT1(17)
KT(18)=101%#(14,843500~,03278600*T~3404,7200/T7)
KT(23)=1D1##(13,87DU=3059,000/T=0+0403500+4T)
LOGKT (1)1 =DLUGLO (RT (1))

LOGKT (3)=DLUGLIO (KT (3))

LOGKT (4)=DLUGLO (KT (4))

LUGKT (7)=DLUGLO(KT (7))

LCGKT (8)=0LUGI0 (KT (8))

LCGKT (13)=DLOG10(KT(13))

LOGKT (15)=DLUG10(KT(15))

LOGKT (18)=DLOGLO (KT (18))

LOGKT (23)=DL0OG10 (KT (23))

IF (NSTEP.NE,0) 6U TU 350

INPUT OPT1IUNAL TEMPERATURE CORRECTED K DATA

IF (WORD.EWCARD(b)) GU TO 300

IF (WORD,NEeCARD(4)) GO TO 290

DO 270 I=1+5

IF (INT(I).EQ.0) GU TO 270

LUGKT(INT(I))=VAL(D)
KTCINT(I))=1D1##LUGKT (INT (1))
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B8
88
88
8B
88
88
88
88
88
88
88
88
BB
88
B8
88
88
88
BB
B8
BB
B8
88
88
8B
88
88
88
1)
8B
BB
88
88
88
88
88
BB
88
88
88
BB
88
88
B8
88
By
88
88
88
88
88
88
88
88
BB
88
B8
88
88
B8
88

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
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
le80
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
l870
1880



oOoon

IKT(INT (1)) =SIGN(2) B8
ISTAK=] 8B

270 CUNTINUE . 8B
READ 3909 WURDs (INT(I)sVAL(I)eIml95) 88

GU TO 260 88

280 PRINT 450 88
290 PRINT 4609 wWORUD BB
KEAD 390 WUKDs (INT(I)eVAL(I)sinLl95) B8

IF (WORD.EQsCARD(9)) GU TO 300 88

GG TO 29V BB

300 CONTINUE BB
PRINT THEKMODYNAMIC DATA ANU CUMPUSITION OF INPUT SOLUTION BB

IF (IDAT EWel URIUPTLI EQ,1) GU TU 330 88
PRINT 470 BB

DC 310 I=1leD BB
PRINT 480¢ IoNREACT(I)oDH (1) ¢ IUDH(I) yLUGKTO(I) s IKTO(I) sLOGKT (I)+IKTBB
1CI) oI oNSFEC(I) o2 (1) sUHALT) 9SFW (D) BB
310 CONTINUE 88
IF (DD.GT.E) GO TU 330 8B

V0 320 I=VDeE - BB
PHINT ©90s IoNKEACT (1) sDH(I) oIDHIL) ¢LUGKTO(I) s IKTO(I) +LOGKT (1) ¢ IKTBB
1D a8
320 CONTINUE BB
330 CGNTINUE 88
IF (ISTARebUWeleANUGIUPT] ENe0ANUS [DATEQ,0) PRINT 500¢ SIGN(2) BB
IDAT=] BB
PRINT Sl0s TITL B8
PHINT 530 . B8

IF (IPRTLEWe0) PRINT auys IMIX B8

IF (IPRT EWel) PKINT 400s JHOLU BB

IF (IPRT.tuwel) PRINI 410y IHOLDsuhOLD -] ]
PRINT 4209 TEMP4PH4EPMCAT,EPMAN 88
PRINT 430 8B

DC 340 K=1s7 BB
PRINT 920s NTUT(R) s Z(K) 9 X3 (K) o XLMI (K) 9y GRAMS (K) BB

340 CUNTINUE 88
PRINT 530 88

IF (lUPTZ2e.tWs}l) LU Tu 350 B8
PRINT 530 868
PRINT 440 BB

350 CONTINUE BB
RE TURN 1)

BB

88

B8

360 FORMAT (20A4) 88
370 FORMAT (301Ue391X03[1s1XsD12.5) 88
380 FUKMAT (6Dlc2.5) 88
390 FORMAT (A4slaen(I3sUlce5)) 88
400 FOKMAT (//SKyrsousssass SULUTIUN NUMBER ts]1," neanissansr//) B8
410 FURMAT (//99Xe'SULUIION NUMBER'slcs? IS BEING HELD CONSTANT AND SOBB
ILUTION NUMBERYsI¢e® IS BEING CHANGEDY9/) 88
420 FORMAT (15Xe?TEMPERATURE = 'sFbe.2¢0 DEGREES C PH & 1,F6,39" 88
1ANALYTICAL EPMCAT = 9,F7.,1," ANALYTICAL EPMAN = %9F7,19//) 88

430 FORMAT (40Xpt=== TOTAL CONCENTRATIONS OF INPUT SPECIES ===,//+50XB8
19'TOTALY913X0°L0G TUTAL?+12Xe'TUTALY4/933Xs *SPECIES+8Xs'MOLALITY BB
2912Xe ' MOLALITY " y9A e 'ORAMS/KGM H2U' 3/ 333Xy temmamanl 4Gy tccnne=a=l, ]85
32Xy Vmmmmammal gyt emccncancaaa=ly/) 88

440 FORMAT (49Xp?=== CUNVERGENCE ITERATIONS ===t,//¢20X¢'ITERATION'+SXBB
10'S1=CO2TUT 46X 1S2=S04TOT?+8X9?53=CLTUT'911Xe'ELECTRICAL BALANCE'8B
294Xe*N MOUVEL /) [:1:]
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1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
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2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
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2300
2310
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450 FORMAT (10Xe *CONCENTRATION UNITS UNKNOWNe CHECK FLAGe?) BB
460 FURMAT (bAe/stme==WARNINGa=== [NPUT ERKOR == OPTION WORD = '9A4g/)88
470 FCRMAT ("1%9// 954X e ==t /454X o ' LWATAY 9/ ¢4 Xyt ==a=14//9]18Xs1]09cX,88

LONREACT Y s YR 1DHY 98X 9 'LOGKTUY 96X9 *LOGKT 9 14Xs I 02X9 'NSPEC?196Xy *Z9,8B
23X9YDHAY yOX 9 tGFW/) 88
480 FURMAT (11 915X el30dAsAl3(1XoF1l0e49AL)s]10XsI302XsAB02XKeF3.092X+F3BB
lelo2AsFl0e4) B8
490 FURMAT (1n s19XeldscXsABs3(1XeFlletgal)) BB
500 FORMAT (/9lDXeAlse?® DENUTES VALUES CHANGED IN INPUT,/) 8B
S10 FORMAT (L1HL9e (5Xe20A%) /) 88
520 FUKRMAT (1H +32XeABosr 3, 093X 9E130098X9F9,498X9E1346) 88
530 FCRMAT (//) BH
Enb 88
SUBRUUTINE MODEL cc
IMPLICIT REAL#*8(A=Hyu=/) cc
INTEGER LoEsUUSLIDTLI(6) sLOHEK(40) 9FLAGYSIOLSIG24LIST2(10)9SIG3  CC
INTEGER REBL1TLCO2(Y) oL S04 (T) CcC
UCUBLE PRECISIUN RT(30) 9LOGKT (3U) 9LOGKTU(30) o LHZ0 s MUHALF s MU s KW ¢ NPHCC
LASIMI (30) sMGTUT KTUT 9NATOToNSPEC(30) yNREACT (30) sNTOT(7) cc
UIMENSIUIv CUEF (7)s PHAS(T)s VALUL/) s XNT(7)y AP(30)s LDUM1(100) cc

CUMMUN /ZA/ GRAMS(30) sCUNITS(30)9Ur(30)sUHA(30) oGFW (30) o XLMI(30)eXLCC
LALFA(30) 9 XLOAM(30) 92 (30) oKToLOGKT oL H20 s MUIMUHALF s KWsCLTOTyPHIELECTCC
2oyMIeaGAMMA (3U) o X1 (8) s X2 (8) ¢« CATOT sMETOTyNATOTsKTOTHXMIX(100) ¢ CORTUT,HCC
3504TOTe51e52953, TESTLeTEST2sTESTIoLOGKTUSTEMPyDENSsAsBy TENPHAHZ0CC
GCLsCISAVE sEPMANIEPMUAT 9 CERPMANSLEPMCT s ToT19T20ALFA(30) o NSPECYHCLUSECC
SanTOTeXI(8) snKEACT o TITL(20) oDoEsLUUGLISTLoLCHEKLIST2 IMOLDSIOPTL1,ICC
GUPT29 JOPTIenNSTEP o IMIAYKBIToNL s ICHECKy IDAT o IOPT7+ITEMPeISIG(9) 2 ITERCC

DATA LCUZ2/2097s10s1lsl4e1GelTelBrcl/ cc
UDATA LS04/129169199c0922+25+307 cc
ACTIVITY OF wATEK cC
Ci=000 cC

LU 1u I=1sD cc
Cl=ClemMI(]) cc

10 CUNTINUE cc
AR20=1DU=ls TD=24C] cC
LH20U=DLUG1O0 (AHZU) cc
CUMPUTE JONIC STRENLTH cC
MU= cC

ud 20 I=led cc
MUSMUSUHU0EM] (T #L(L)eL(T) cc
20 CONTINULE CcC
IF (MULT.VeuULU) MU=U,UDO CcC
MUHALF=USUWRT (4U) ccC
CUMPUIE [wLIViDuAL Uiv ACTIVITY CJUEFFICIENTS cC
Cl==A%4UU¥MUHALF cc
LAMMA (1) =]D]I%# (C1/ (LDY+B#KD0*MUHALF) +0416500%MU) cC
GAMMA(2)=1D1%8 (CL1/ (1Dy+E#s ,SDUSMUNALF ) +0,2D0#MU) cc
GAMMA(3)=lUle% («A®MUHALF/ (110 +B*4L0#*MUNALF) +0,075D0%MU) cC
GAMMA (4) =LD 1% (=ASMUHALF / (100+B%3:SDO4MUHALF) «04015004MU) cC
GAMMA (5) =bAMMA (&) cc
LAMMA (6) =LULI#% (CL/ (LU0 +B#5D0#MUHALF) =040400%My) cc
VG 40 I=/ov cc

IF (Z(1).EWeUBU) 6L TO 30 cc
GAMMA (1) =lDle# («A®MUHALF#7 (I)%Z4(1)/7{1D0+DHA(]) *B*MUHALF)) cc
60 TO «¢ cC
30 vaMmAall)=lul#® (QelDVURMU) cC
40 COUNTINUE cC
GAMMA (26)=1U01%% (MU#(170,01/T=.8798+,0013935%T) +MU#MU* (28.B1/T=+210CC
18+,0003041%7)) (o
COMPUTE MULALLITIES AND ACTIVITIES OF TUnNS IN SOLUTION ccC
DU 50 I=sbey CcC
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2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620~
10
20
30

50

60

70

ao

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480



50

60

70

a0

ALFA(I)=M]I (1) *GAMMAL(T)

CONTINUE

ALFA (24)=AH20#*KW* TENPH

MI (24)=ALFA(26) /OAMMA (246)

MI (23)=1D0/ (TENPH®*OAMMA (23))

MAGNESIUM SPECIES
MI(9)SALFA(24)*KT (2) /GAMMA (9)
MI(10)=ALFA(B)*KT(3)/GAMMA (10)
MI(11)=ALFA(7)#KT (4)/GAMMA(]11)
MI(12)=ALFA(B)*KT (D) /GAMMA (12}

MI(2)=MGTOT/ (1DO*OAMMA (2) @ (MI(9)+MI(10)+MI(11)+M](12)))
ALFA(2)=M](2) #*GAMMA (2)

Cl=ALFA(2)

OU 60 I=9slc¢

MI(I)=Cl®M]I(]I)

ALFA(I)=MI ({)2GAMMA (D)

CONTINUE

CALCIUM SPEELIES
MI(13)=3ALFA(24)%KT () /6AMMA(13)
MI(16)=ALFA(T)*KT(7)/GAMMA (14)
MI(1S)=ALFA(B)®KT(B)/GAMMA (15)
MI(16)=ALFA(6)%KT(9)/GAMMA(Ll6)

M1{1)=CATOI/ (LDO+GAMMA (1) # (MI(13)*MI(14)+MI(1S)+MI(16])))
Cl=MI (1) *GAMMA(])

ALFA(1)=Cl

DO 70 I=13s1i6

MI(I)=ClemMI(])

ALFA(I)=M]I(})*GAMMA (])

CONTINUVE

SODIUM SPECIES

MI(17)=ALFA(H)*KT(10)/6GAMMA(LT)
MI(18)=ALFA(T7)*KT(1i)/GAMMA(18)
MI(19)=ALFA(6)*KT(i2)/6aMMA(19)
MI(21)=MI(3)#GAMMA(I) *ALFA(B) KT (14)/GAMMA(2])
MI(25)=MI(3)%GAMMA (3)oALFA(6)*KT (16)/GAMMA (25)
MI(28)=ALFA(5) *KT (20) /GAMMA (28)

ccC
cC
cC
ccC
cc
cC
cc
ccC
ccC
CcC
cc
cc
cc
cc
cc
cc
cc
ccC
ccC
cC
cc
cc
cc
cC
cc
cC
cc
cC
cc
cC
cc
cc
cc
cc
cc
cc

MI(3)=NATOT/ (1DO*GAMMA (3) # (MI(1T)*MI(16)+MI(19) +MI(28) «2D0%(MI(21)CC

1+eM1(25))))

ALFA(3)=M] (3)*GAMMA(3)
Cl=alLFA(3)

DO 80 [=196

K=LIST1(1)

MI(K)=Clem] (K)
ALFA(K)=M]1 (K) *GAMMA (K)

CONTINUE

PUTASSIUM SPECIES
MI(20)=ALFA(B)®#KT(13)/GAMMA(20)
MI(29)=ALFA(S)#*KT (21) /6AMMA (29)
ML (4)=KTOT/ (1DO+GAMMA (4) # (M (20) *MI(29)))
ALFA (&) =M] (4) #*GAMMA (&)
Cl=ALFA(4)

ML (20)=Cl*MI(20)
ALFA(20)=MI(20) #*GAMMA (20)
MI(29)=C1*MI (29)
ALFA(29)=MI(29) #GAMMA (29)
COMPUTED MADS OF ANION SPECIES

cc
cc
ccC
cc
ccC
cC
cc
cc
ccC
cC
cC
cc
cC
cc
cc
cc
CcC
cC
cc

S1=MI(7)+MI(8)+MI(10}+ML(11)+MI{14)+MI(1S)+MI(L7)eMI(18)eMI(21)+MICC

1(26)
S2zM1(6)+MI(12)+MI(16)+MTI (19) +MI(20)+MI(22)*MI(25)+M]I(30)

S3=MI (S) eMI (27)+ML (28) eM] (29)
TEST1=51=C02T0T

-60~

CcC
cC
cc
cc

490
500
510
520
530
540
§50
560
570
580
590
600
610
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



90

100

110

120

130

TEST2=52=50« 10T

TEST3=S3=CLTQT

eLECT=000

DC 90 I=iysv
ELECT=ELECT+4I(1)%2(])

CUNT INUE

ADUMsHCLUSE*DABS (ELECT)
XQuml=l.U=15
HCHEXK=DMAAL (XDUMe XDUM] )
ICHECK=Y

REBIT=0

CHECK MASYS BALANCE UN CARROUN,
IF (CO2TUTWLE«V,0UU) GO To (10
IF (DABS(TESTI) 01 enCHEK) RBIT=]
IF (REIT.EWwel) 6O TUu Jlu

MI(26)=ALFA(23)RALFA(23)/ (GAMMA (CO)#KT (18)*KT (1))

MI(7)SALFA(23)/ (LAMMA(T)®KT (1))
MI(10)=ALFA(2)#KT(3)/GAMMA (10)

MI(11)=ALFA(Z)*ALFA(Z3) #KT (4)/ (GAMMA (11)#KT (1))
MIC14)=ALFA(L) 2aLFA(Z3) KT (T7)/ (GAMMA (14) #KT (1))

MI(LID)=ALFA (L) #KT (B) /oAaMMA (15)
MICLIT)=ALFA(3)#kT (1) /6AMMA (L)

MICIB)=ALFA(SIRALFA(Z23) KT (11)/ (GAMMA(18) #KT (1))
MI(21)=ALFA(3)#aLFA(3)#KT (14) /0AMMA(2])

cC
cc
cc
cc
ccC
cc
cc
cc
cc
cc
cc
cc
(4
cc
cc
cc
cc
cc
cc
cc
cc
cC
cc
cc

MI(B)=CUCTUT/ (IDUPLAMMA(BY# (MI(cO) +MI(T)oMIC10)*MI(L1)oMI(14)eMI()1CC

19)+MI(LIT)*Mi(18)*Mi(c])))
ALFA(B)=M] () *GAMMA (B)

DC 100 I=lsy
MI(LCO2(1))=mi(LLuall))naLFa(8)

ALFAILCUc(L))=MI(LLU2 (1)) eGAMMA (LCO2 (1))

CONTINUE

ICHECK=]

K8IT=v

CUNTINUL

LHECK MASS BALANCE ON SULFATE.
IF (SU4TUTeE.V,uvD0) GU TO 130
IF (DABS(TESTZ) s0TeHCHEK) RBIT=1
IF (KBITekuwe) GU Tu 130
MI(l2)=sALFA(2)#KT (D) /GAMMA(]12)
MI(16)=ALFALL) KT (Y)/6AMMA(16)
MI(l9)=alLFA(I) oK (1) /GAMMA (1Y)
MI(20)=ALFA(4) KT (13) /GAMMA (20)
Ml(22)=aLFAa(2a)eni(lh)/GAMMA(22)

MI(2D)=ALFA(S)#ALFA(I)#RT (16) 70AMMA(25)
MI(30)=ALFALZ3)I#ALFA(23) KT (22) /GAMMA (30)

cC
cc
cc
cC
cC
cC
cc
cC
cc
cc
cc
cc
cc
cc
CC
cc
cc
cC
CcC
cc

MI(6)=506TUI/ (LDO*OAMMA(6) ¥ (M (12) eMI(L16) +MI(19)oMI (20) eM] (22) +M] (CC

12%) +MmI(30)))

ALFA () =M1 (b) *GaMMA (b)

VC 120 [=1l./

MI(LSV4 (1)) =Ml (LSU4 (1)) RALFA(G)

ALFA(LSUS (1})=MI{LSU4 (1)) #GAMMA (LS04 (]))

CUNTINUE

ICHECK=}

REIT=0

CONTINUE

CHECK MASS> BALANCE UN CHLORIDE.
[F (CLIUT.LE.V.0LY) GO TO 150

IF (DABS(TESTI) 46T eHCHEK) RBIT=]
IF (RBIT.EQe0) GO TU 1590
MI(27)=ALFA(23)oKT (1Y) /GAMMA(2T)
MI(28)=ALFA(3)I*KT(2U) /GAMMA (28)
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cc
cc
cC
cc
cc
cc
cC
cc
cC
cc
cc
cC
cC
cc
cc

1100
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
16410
1620
1430
1440
1450
1460
1470
1480
1490
1500
islo
1520
1830
1540
1550
1560
is70
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
le80
1690
1700



140

150

10

20

30

40

50

60

70

MI(29)3ALFA(4) KT (21) /GAMMA (29)
MI(S)=CLTOT/(1DO+GAMMA(5) # (MI(27)*M] (28) +M1(29)))

ALFA(S5) =M1 (b) #*GAMMA (D)

0o
MI(
ALF

140 I=2T7e29
I)aMI (1) #ALFA(S)
A(L)=MI(§)#GAMMA(])

CONTINUE
ICHECK=1
CONTINUE
Niz=N]l+1l
RE TURN

END

cc
cc
cc
cc
cC
cc
cc
cc
cc
cC
cc
cC

SUBROUT INE lERO(PHotLECTvXINToSIGl95162951630IOPSOI'PHXQPNZ.SAVPHODD
1ELECT1+ELECT2)

OQUBLE PRECEISION PHOPHIQPHZQSAVPHOELECT’ELEch’ELECTZ!XINT

INTEGER 5IG6G1l+516€9S5163

IF
1F
IF
IF
IF
IF
IF
IF
SI6

(SIG3.5Te0) GU TO 30
(ELECT.LT,0,00U) SIGl=1
(ELECT.LT.0e00VANDsI.FQ,0)
(ELECT.LT.O'ODU.ANDOI.Fu.l)
(ELECTeGlaUs0UVsAND eI 4FQL0)
(ELECTsGTeVeODVANDsI.FQL1)

ELECT2=ELECT
ELECTI=ELECT
ELECT1sELECT
ELECT2=ELECT

(SIGleEU,1sANDeD[6GR2.EG.1) GU TO 30

3=0

SCAN UNTIL RUUT IS CROSSED

IF
IF
IF
IF

(ELECT.LT.0.00U.AND'IQFQ|0)
(ELECToL 1 4UsOUVANDsILFQL1)
(ELECT oGl s0s0UVsANDS [,EQ,0)
(ELECT.GTOOOOUUO“ND.I'FQQI)

Pre=PH
ELECT2=ELECT
PhaPH2=XINT

PH1
(c1¥]
Pl

=PH
T 100

=PH

ELECTI=ELECI
PHSPHL+XINT
PH2=PH

GC
CON

TO 100
TINJUE

LINEAR APPROAIMATIUN

IF

(IOPS.NEeu) GO Tu 7u

S1G3=5163+1

IF
1F
IF
IF
IF
60

(SIG3.EWwsl) GU TU 60

(ELECT LT oo 0UVsANUSLoEW,0)
(ELECTeGT o0 0UVAND I FOL1)
(ELECT«0ToUeOQUUAND eI FQ,0)
(ELECT oL ToUe0D0eANDe ]I FG,l)
T0 lov

ELECTZ2=ELECY

PH2=

GG

SAVPH
TO0 6V

ELECTI=ELEC]

Pr1

=SAVPH

GO 1O 10
by TO 20
LU TO 20
GV TO 10

GU TO 40
GU TO 40
6V TO SO
GV TO 50

PH=PH1=ELECT1# (PHl=PH2)/(FLECT1=ELECT2)
SAVPH2PH

60
CON
INT
IF

TO0 1v0

TINUE

ERVAL HALVE
(ELECT4LT o0 0DUANDSIFQL0)

GV TO 80
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[ ]))
DD
Do
oD
DD
oD
]
DD
Do
Db
DD
DD
oD
Do
oD
DD
0D
DD
Do
DD
DD
(]
00
DD
bD
bD
Do
00
oD
00
Do
bo
1))
oD
DD
3]0
DD
DD
0D
Do
[ ]1)
DD
p]1)
Do
DD
]
bD
DD

1710
1720
1730
1740
1750
1760
1770
1780
1790
la00
1810
1820~
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490



80

90

100

10

20

30

40

IF (ELECT+0Te0e00UsANDeIFQ.1) GV TO 80
IF (ELECT Gl 0s0DVeANDSIEQR,0) GU TO 90
IF (ELECTeLToUsUDVenaNDsIFQsl) GV TO 90
GO TO 1U0

CONTINUE

PH2=PH

XINT=(PHES~PH1) /2.0

Pr=PH2=-X1INT

GG TO 100

CONTINUE

Prlzpr

XKINT=(PH2=Pr]) /2.0

PR=PHl+AINT

CONTINUE

RETURN

END

DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD
(1])
DD
DD
DD

SULBROUTINE STEP(CATUT MGTOTsCO2TUT9S04TOTsCLTOTINATOTIKTOT9C19C29XEE

IMIXoNSTEP o [UuPTa 4 VU113 T2 TEMP oCULF 4 XMOL s IUPT8,1PASS)

€E

DOUBLE PRECLISIUN CATUTqMGTOToCOdTUTobOQTOT'CLTOToNATOToKTOToCl(U)oEE

1C2(8) s AMIA(L00) s XA9VUT19T2sTEMPPCOEF (7) 9 XMOL9VTOT

NSTEP=NSIEP+]

IF (IUPT4,EWel) GO TU lu

IF (JUOPT4,Ewes) VU TU <0

IF (I0PToeEU.lANULIPASS.EU,1) 6U TO 30
CUMPUTE COMPOSEITIUN OF MIXTURES
AX=XMIX (NSTEP) /10900
CATOT=(L00=K)#CL (L) e xReC2(1)
MGTOT=(1D0=XX)#CLl(2) +aX#C2(2)
NATOT= (1DU=XX)#Cl (3) +xX%C2(3)
KYOT=(100=XA)#CL (4) *XX¥C2(4)
CLTOT=(1DU~XX)#CLIS) +XX®#C2(5)
SUGTOT=(1D0*XX) #CL(6) +AX#C2(6)
CU2TOT=(1DU=AX)#CLUIT) e XXHC2(T)
TEMP=(1DU=XX)#T1+XX®T2

GC TO &0

AX=ZAMIK (NSTEP)

COMPUTE CUMPOSITIUN OF TITRATEU MIXTURES
viOoT=Vu+xX
CATOT=(CI(1+%V0+C2(1)®xX)/VTOT
MGTOT=(CL(2)@V0+Ceic) #XX)/VTOT
NATOT=(Cl(3)#V0+CL(3)#xX) /VTOT
KTOT=(CL(4)%V0+Ce(4)#XX) /VTOT
CLTOT=(CL(D)#VU+CL(S) #xX) /VTOT
5047T0T=(Cl(6)2VO+C2(6)#XX)/VTOT
CO2TUT=(CL(T)evo+C2(T)®XX)/VTOT
TEMP=(vO#TlexxeT2)/VTOT

GC TO 40

CONTINUE

IF (IOPTB.EQ.1.AND+IPASS.FQ.1) GU TO 30
AMOL=XMIA (NSTEP)

CCNTINUE
CATOT=CLl (1) *+XMUL®(COEF (1))
MGTOT=C1 (2) +XAMOL®(CUEF (2))
NATOT=CL(3) +XMOL* (CUEF (3))
KTOT=C1 (4) +XMOL* (CUOEF (&) )
CLTOT=C1(5) *+XMOL* (COEF (5))
SC4TOT=CL(6)+XMOLY (COEF (6))
CO2TUTSCL(T) «XMOL®(CUEF (7))
RETURN

END

SUBKOUTINE PRINT
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EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
3
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
EE
€E
3
EE
EE
FF

500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650=
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
2640
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440~
10



10
20

30

40

50

60

70

IMPLICIT REAL#8 (A=HsU=4) . FF
INTEGER 0sbsD0DsLISTL(6) sLCHEK(40) 9FLAGISIGLl9S1624LIST2(10)+SIGIsSIFF

1G49SIGSsSIGOIRBIT FF
DUUBLE PRECESION KT(30) +LOGKT (30) s LOGKTO(30) s LH20s MUHALF sMUsKW s KPHFF
1ASoMI (30) sMGTOT ¢KTOTHNATOT ¢NSPEC(30) s NREACT (30) oNTOT(T) FF
DIMENSION COEF(T)s PHAS(T)s VALU(7)y XNT(7)s AP(30)s DUM1(100) FF

COMMON /A/ GRAMS(30) s CUNITS(30)sDH(30) sDHA(30) oGFW(30) 9 XLMI(30) s XLFF
1ALFA(30) s XLGAM(30) 92(30) oKTsLOGKT ¢ LH20 9 MU MUHALF o KWsCLTOToPHIELECTFF
2¢MI9GAMMA (30) 9X1 (8) 9X2(8) yCATOT +MGTOToNATOTIKTOToXMIX(100) »CO2TUToFF
3SUATOT9S19529S39TESTLyTEST24TESTIILOGKTOsTEMPDENSsA9Bs TENPHAHZOoFF
4CleClSAVEIEFMANSEPMCATsCEPMANSCEPMCT s ToT19T29ALFA(30) sNSPECsHCLOSEFF
SeNTOTsX3(8) sNREACTsTITL (20) 9D9EsDD9LISTLIoLCHEKLIST29IHOLDsIOPT1yIFF
60PT24IOPTIoNSTEPsIMIXsRBITINL»ICHECKsIDATsIOPTTsITEMP1SIG(9) o ITERFF

ALKEMI(T) oME (G oMI(L1) +MTI(13)*MI(14) eMI(18)+MI(21)+MI(264)+2,D0%(MIFF

1(10) eMI(ID)*MI(17)*M]I(B))eM](23) FF
ALKZALK®|.D3 FF
CARBON=MI (7)+M] (8)*+M] (26) FF
CEPMAN=00OQ FF
CEPMCT=00V FF
DO 20 I=l,D FF
IF (£L(1).GT400LO0O) GO TOU 10 FF
CEPMAN=CEPMAN=Z (L} *MI (]) FF
GO TO 20 FF
CEPMCT=CEPMCT+Z(1)#MI () FF
CONT INUE FF
PCO2=000 FF
XLPC02==99,.,9 FF
IF (ALFA(26),6T,0bU) GO TO 30 FF
G0 TO 40 FF
PCO2=1D1%# (DLOGlO(ALFA(26))=238547300/T=1.52640-2%T+14,0184D0) FF
ALPCO2=0LUGL0 (PCLLZ) FF
CONTINUE FF
CEPMAN=CEPMAN®]1D3 FF
CEPMCT=CEPMCT*1D3 FF
IF (NSTEP.NE.0) VENS=1},00 FF
PRINT 130 FF
PRINT 130 FF
PRINT 1409 AMHZ204EPMCATsCEPMCTsPHIPCO2+EPMANSCEPMANXLPCO24MUyCARBOFF

INSDENSsTEMP9S1oCLTOTIELECTsKTOT s ALK FF
PRINT 150 FF
DUM=1D1%#(=-70.,D0) FF
00 60 I=LsU FF
CUNITS(I)=000 FF
IF (MI(I).LT.DUM) GO TO S0 FF
CUNITS(1)=ME(])#1D3#GFW(I)#(1D0=140D=06#C1SAVE) FF
XLMI(I)=DLUGLO(MI(]I)) FF
KLALFA(I)=0LOGLO(ALFA(I)) FF
XLGAM(I)=ULUGLO (vAMMA (1)) FF
GO TO 60 FF
CUNITS(I)=0V0 FF
XLMI(I}==200,D0 FF
ALALFA(I)==200.D0 FF
XLGAM (1) =00V FF
CONTINUE FF
D0 90 K=1sD FF
IF (MI(K)«LT,OUM) GO TO 70 FF
PRINT 1609 KoyNSPEC(R) 9Z(K) yCUNITS(K) sMI(K) o XLMI(K) s ALFA(K) o XLALFA(FF

1K) s GAMMA (K) o XLGAM(K) FF

CONTINUE FF
IF (MI(K)«LT,000) GU TO 80 FF
G0 TO 90 FF
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100
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220
230
240
250
260
270
280
290
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310
320
330
340
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360
370
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o000

80 PRINT 1709 NSPEC(K)eMI(K) FF
90 CUNTINUE . FF
AP (1)=ALFA(Ll)#ALFA(B) FF

AF (2)=AP(1) FF

AP (3)=ALFA (2)#ALFA(B) FF

AP (4)=ALFA(Ll)#ALFA(2)®ALFA(B)#ALFA(B) FF

AP (5)=ALFA(L)#ALFA () . FF
PRINT 180 FF

UG 120 I=1le5 FF
KsLIST2(1) FF

IF (aP(I)eLToleD=50) GU TO 100 FF
KLIAP=DLOL1V (AP (])) FF
SIL=AP (1) /KT (K) FF
ALSI=DLUGLU(S1]) FF

GG T0 110 FF

100 CUNTINUE FF
ALIAP==100.L0 FF
SI1=1.00=5v FF
ALSI==100.DV - FF

110 CCNTINUE FF
PRINT 1909 LIST2(1)9NREACT(K) 9AP (L) oKT(K) +XLIAPSLOGKT(K) +SI19XLSI FF

120 CUNTINUE FF
RE TURN FF

FF

FF

FF

130 FCRMAT (//) FF

140 FORMAT (//3406X9t====DESCRIPTION OF SOLUTION =m==0,4//927X9 'ANALYTICFF
1AL COMPUTEUD* 9 13X9'PH1916Xs 'ACTLIVITY H20 = ' 9FTe49/920XEPMCAT FF
CoFTe2s4AsFTel912X9F0a3914X9tPCUL = 19EL13,60/920X 'EPMAN YsFTe234FF
IAIFTe293CA97L0G PCUZ = 14FB,49/98UXy ' IONIC STRENGTH = *4E13,6+6Xy'FF
4TEMPERATURE Y 911X 'UNCOMPLEX CUZ = 19EL13.69/+20X9'DENSITY = *yFBe4sFF
518X9F6eC9lXstDEG CtelUXo?CO2TOT = 13E13.69/920XK9CLTOT = *9E134693FF
OTAYELECT = t9EI3e097920Xs 'KTOT = 14EL13,6938X9 'ALKALINITY = *yFl0.FF
739" MEW/LITRE®y/) FF

150 FURMAT (///85CKy ' = mmencncancncencnrannen=?¢/¢52Xe 'DISTRIBUTION OF SFF
IPECIES3t 9/ 952Ky ' mmommmaccccncnncnncaceatl 4 // 95K "1 192Xs "SPECIES' 1 1 OXFF

29'PPMY g L1As "MOLALITY ' yuXetLOG MOL's6X9 *ACTIVITY " 48Xe'LOG ACT? 45Xy 'FF
3ACT, CUEFFobtebXy'LUL A COF's/) FF
160 FOCRMAT (1A 93Xs130lXeABaF3,092A9E12,504X0E12e594X9F9e494X1EL12.594XFF
19F9,696A3E12eD04A9F944) FF
170 FORMAT (' ?9)10Xy?'====e WARNING ===~~~ THE CALCULATED MOLALITY OF ¢ ,FF
I1149ABs" IS 'sbEl2e9) FF
180 FORMAT (//91l1AstPHADE 149X o 'TAP 2 iUXs tKT 3 8XstLUG TAP? 94X ?'LOG KT yFF
16Ke VIAP/RTIVe4AR9LUG TAP/KT ' e/) FF
190 FURMAT (lH o6X9I30LlAoatse2(2X9ELLleé) 92 (2X9F9e4)92XsE11e4e2XeF10.5) FF
EnD . FF
SUBROUTINE SET 66
IMPLICIT REAL#B(A=HsU={Z) (c]¢]
INTEGER ULeEsVUSLISTL(6) sLCHEK (4U) sFLAGISIGLloSIG2CHsLIST2(10)+SIGISIGG
1G49SIGH95IG6IRBI ! 1)
DOQUBLE PRECESIUN KT (30) 9LOGKT (3U) sLUGKTO(30) 9LH20¢sMUHALF ¢ MUKW s KPHGG
1AS9MI (30) sMUTOToRTUTHNATOToNSPEC (30) o+ NREACT (30) sNTOT(T) ! 66
DIMENSION CUEF(7)s PHAS(T)s VALULI)y XNT(7)s AP(30),y DUML1(100) (c]¢]

COMMUN /A/ GRAMS(3U) sCUNITS(30)9DH(30) ¢DHA(30) 2GFW(30) o XLMI(30) 2XLGG
LALFA(30) 9 ALOAM(3U) 9£(30) skToLOGKT oLHZ209MUsMUHALF ¢ KWsCLTOTsPHIELECTGG
29MI9GAMMA (3U) o X1 (8) 9XK2(8) yCATOTsMGTOTyNATOTeKTOToXMIX(100) +CO02TUT 66
39C6TOT 51952 9S3s ESTLyTEST29TEST3 9L OGKTUsTEMPsDENSsA9Bs TENPHAH20 466
4CloClSAVEIEPMANEPMCAT s CEPMANCEPMCTsToT19T2sALFA(30) sNSPECYHCLUSEGG
SINTOTeX3I(8) sNREACToTITL (20) sDsEsUUGLISTIoLCHEKLIST2s IHOLDsIOPTl 166G
60PT29I0PTIoNSTEP s IMIXyRBIToNL s ICHECK s IDATYIOPTT o ITEMPIISIG(9) s ITERGG
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130
140



10

20

30

40

INITIALIZE VALUES FUR MASS BALANCE LOOP,
ALFA(23)=1D1##% (=PH)

MI (23)=ALFA(23)
TENPH=1D | ##PH

MI(1)=CATOT

MI(2)=MGTOT

MI (3)=NATOT

MI(4)=KTOT

MI (5)=CLTOT

MI (6)=504T0T
MI(26)=ALFA(23)*ALFA(23)/(KT(18)®KT (1))
MI(7)=ALFA(Z23)/KT (1)
MI(8)=CO2TOT/ (1, LU~ (ML (26)+MI(T)))
MI(7)=MI(7)%M]1(8)

MI(26)=M] (26)*M] (d)

ITER=0

RBIT=1

N1=0

RE TURN

END

SUBROUTINE SAVE(X9CleCR29C30C40CH9CHHCT)
UOUBLE PHECISION X(8)4CleC24C39C49C5+CHC7
SAVE TOTAL CONCENTRATIUNS,
X(l)=Cl

X(2)=C2

X(3)=C3

A(4)=Ca

X(5)=Cb

X(6)=Co

x{7)=C7

RETURN

END

SUBROUTINE PAKBOL (SIG69XMOL1sSI1eAMOL2sSI29XMIDeSIMID XMOL ¢SI)
IMPLICIT REAL®E(A=HoU=Z)
INTEGEKR SIGo

IF (5166.6T,1) GO TU v
slGe=i

AMID=XMUL

SIMID=SI

60 TO 9v

CONTINUE

SIGe > |

IF (SI+GE.UVe0DU) GO TO SO
51<0

IF (SIMID.GE.U.O0LV) GO 1O 20
SIMID<U

AMOL1=XMIVD

AMID=XMOL

S11=SIMID

SIMID=SI1

GG TO 90

CUNTINUE

SIMID>0

IF (5I2+511) 30430440

SIl=SI

AMOL L =XMOL

GO TO YU

SIz2=sIimMiv

XMOLZ2=XMID

SIMID=5S1

AMID=AMOL
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60

70

80

90

G0 TO 90 ) 11
CONTINUE 11
Si>0 I1
IF (SIMID+GELV+0DO) GO TO 80 I1
SIMID<O I1
IF (SI2¢SI1l) 6090070 11
SI1=SIMID I1
XMOL1=XM]ID 11
SIMID=S] 11
XMID=XMOL . I1
GC TO 90 11
SI2=8] 11
XMOL2=XMOL 11
GC TO 90 11
CONTINUE I
SIMID>0 ‘ 11
XMoL2=XmMID 11
AMID=XMOL I1
$I12=SIMID I1
SIMID=SI 11
CONTINUE 11
MAKE XMOL A FUNCTION OF ST. 11
Al=SI1 11
x2=s}2 11
X3=SIMIL I1
Y1l=XxmOL1 11
Y2=xmoL2 . 11
Y3=XMID I1
XX1l=R1%x1 11
AX2BA2#AZ 11
XX3=X3I*X3 11
DIS(XX3#X2#Y]1eXX1PXINY2eXX20X]1QYI=XX2#XI#Y]=XXI*X]1OY2=XX1¥X20Y3) /(11
L(X1=X2)%* (X2=X3)#(X3=X1)) II
XMOL=D] ) I1
51G6=S5]Go+1 II
RETURN 11
ENU 11
SUBROUTINE SET1(IsusK) JJ
RESET COUNTEKS FUR ®OOT FINDING PROCEDURES, JJ
I=0 JJ
J=0 JJ
K=0 JJ
RETURN JJ
END JJ
BLOCK DATA KK
DATA USEDL IN PROGRAM KK
IMPLICIT REAL%8(A=HyU=Y) KK
INTEGER U9E20UILISTLI(6) oLCHEK (40) oFLAGISIGLSIG2sLIST2(10)9SIGIISIKK
1G49SIG5sS5IGHIRBI - KK
DOUBLE PRECISION KT(30)9LOGKT(30) 9oLOGKTO(30) 9L H20¢sMUHALF 9 MU 9 KW ¢ KPHKK
1AS9MI (30) sMGTUTHKTUTINATOT9NSPEC(30) yNREACT (30) sNTOT(T) KK
VUIMENSION CUEF (7)) PHAS(T)s VALU(T) 9 XNT(7)s AP(30)s DUM1(100) KK

COMMON /A7 GRAMS(30) oCUNITS(30) sLH (30).9DHA(30) sGFW(30) 9 XLMI(30) +XLKK
1ALFA(3U) o ALGAM(30) 9£(30) oKToLOGKT o LH20 yMUIMUMALF oKW oCLTOTsPHIELECTKK
29MI+GAMMA (3U) 9 X1 (&) 9X2(8) yCATOT yMGTOToNATOToKTOT9XMIX(100) sCO2TUT 9KK
3504TUTS19529S3eTEST1oTEST2+TESTI9LOGKTOsTEMPDENSsA+BsTENPHyAHEO 9KK
4CloC1SAVEsEPMANSEPMCATICEPMANICEPMCT 9 ToT19T29ALFA(30) sNSPECsHCLOSEKK
SINTOTIX3(8) eNREACTo TITL (20) sDeEsDUsLISTL oL CHEKSLIST29 IHOLD»IOPT] s IKK
6UPT29I0PTIsNSTEP Y IMIXoKBIToN1 9 ICHECK s IDATSJOPTTsITEMPYISIG(9) o ITERKK

DATA NSPEC/4HCA++94HMG*+ 9 3HNA*92HK ¢ 4 IHCL~¢5HS04~=9SHHCO3=9SHCO3I =~y KK
19HMGOH+ 9 SHMGCO3 ¢ THMOHCO3 ¢ 4 SHMGSO4 9SHCAOH ¢ 9 THCAHCO34 ¢ SHCACO39SHCASOKK
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2496HNACU 3~ 6HNAHCU3 9 6HNASO4 =9 SHKSU G~ 9 6HNA2CO3 9 SHHS04 =9 2HH+ 9 3HOH= 4 6KK
IHNAZSUG95SHH2C03 9 SHHCL 9 4HNACL 9 JHKCL 9 SHH2504/ s NREACT /SHKHCO3 ¢ SHKMGOHKK
49 OHKMGCO3 s THKMGHLU3 ¢ OHKMGS 04 ¢ SHKCAQOH 9 THKCAHCO3 9 6HKCACOI 9 6HKCASO4 9 6KK
SHKNACO3 9 THKNAHCO3 9 6HANASO4 s SHKKSU4 3 THKNAZ2C03 9 SHKHSO04 s THKNA2S04 9 ZHKKK
6WI6HKH2CUI 9 4HKHCL 9 SHKNACL ¢ 4HKKLL 9 6HKH2S04 9 THCALCITE y BHARAGONI T 9 SHMKK
TAGNESITe8HUULUMITE s BHANHYDPRIT 96HGYPSUMy THBRUCITE y THHUNTITE/ KK
DATA Z/2.0U092,00Us140U09)40D09=140D094=2,0D00=140009=2,000+1,00040KK
100091600050 0D0sLs00091,0D0s0+0UV90,0DV9=1,0DL390,0D09~1,0D09=1+0DKK
2090.0DV9=160DVULsVDUI=L,0N0s0,0LV90,0D0090,0004040D090,0D090,0D0/9+DKK
3HA/5,00005.50U094,UDU93.50093,50095,0D095,4D095,4D0+6,5D050,0D094,0KK
40090, 0D090eVDVIGUUUINOD09DVVUIS,4D090,0DU95e4D09544D090,00094,5KK
SU0s9,00U93e500904VUVIVUDOY0,00090,00090,0D090+UD0/9GFW/40,08D0924KK
6¢31200922¢9898000394102D0435,45300496,0616D0961¢0173D0960,00940044KK
T163194U09844321400905,32930091203736D0957,0874009101,09730049100,0KK
BEG0D09136.1416D0s82¢9992D00983,9909D05119,0514DV9135,1636D0+1054989KK
GUBU 9T 06960091 ,V08UVL1T7,00764D09142,0612D0+62,U25300936,461D0,58,4KK
$428D0974,555D099840 717500/ KK
DATA DH/3.9550092.140050,05800910437D0491,27D0914190096,331D043,13D0KK
191500098491 10090e00U42,22900934082D090.000094091D09=3,65700913¢34KK
250091497600 18e63UU90,00040,0009040009=3619009=¢,959003=6,169009=8KK
3.29009=3,7691N0904261D09U.RSD09=25.760D0/ KK
DATA LUGKRTU/=10.3€900092.600093.3980040.,928D042¢2380091,4000,1.+260KK
1D0093.2000920e3U90V 914268009 =0,25V0040,2260090,847005,0,6720091,987DOKK
291.512009=13,998009=6,351N09=6+l000s=1,602009=1:585D09=]1,00D04=8,4KK
31UDOv’B.élSUOQ-a.d‘bUUO'-l?.0000 l'“.S‘GUO!-‘-759009‘11-‘1000."30-51.('(

4000/ KK
DATA LISTLI/1791891902)1925,28/ KK
UATA LIS12/¢3s249¢5920928/ KK
UATA NTUTZ'CATOT 9 IMGTUT Y 4 INATOT Vo tKTOT 9 tCLTOT "9 ?S06TOT 3 1CO2TOUT KK

1/ KK
thD KK
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