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ABSTRACT

WATEQF is a FORTRAN IV computer program that models the thermodynamic
speciation of inorganic ions and complex species in solution for a given
water analysis. The original version (WATEQ) was written in 1973 by A. H.
Truesdell and B. F. Jones in Programming Language/one (PL/1). With but
a few exceptions, the thermochemical data, speciation, activity coefficients,
and general calculation procedure of WATEQF is identical to the PL/1 version.
This report notes the differences between WATEQF and WATEQ, demonstrates
how to set up the input data to execute WATEQF, provides a test case for
comparison, and makes available a listing of WATEQF.



INTRODUCTION

WATEQF is a FORTRAN IV computer program that models the thermodynamic
speciation of inorganic ions and complex species in solution for a given
water analysis. The original version (WATEQ) was written by Truesdell and
Jones (1973) in Programming Language/one (PL/1). With but a few exceptions,
the thermochemical data, speciation, activity coefficients, and general
calculation procedure of WATEQF is identical to the PL/1 version. For
discussion of the program theory and original source of most of the thermo-
chemical data, see Truesdell and Jones (1974). It is the purpose of this
report to note the differences between WATEQF and WATEQ, demonstrate how
to set up the input data to execute WATEQF, provide a test case for com-
parison (Attachment A), and make available a listing of WATEQF (Attachment
B). This report also provides a list of all equilibrium reactions that
are considered (Attachment C).

DIFFERENCES BETWEEN WATEQF AND WATEQ

1. 1In addition to the 100 aqueous species used in the WATEQ
aqueous model, WATEQF includes 14 species of manganese and
computes saturation data for 21 manganese minerals. See
Table 1 for the thermochemical data used.

2. All reference to maximum and minimum estimates of log K
used by WATEQ have been omitted in WATEQF.

3. In addition to calculating pe from dissolved oxygen and Eh,
pe can also be set by the dissolved oxygen relation of Sato
(1960) and by the SOZ / ST ratio.

4. The carbon-bearing species are computed from either titration
alkalinity, carbonate alkalinity, or total carbon in solutionm.

5. An option has been added that allows calculation of activity
coefficients of charged ion pairs from either the Debye-Hiickle
equation or the Davies equation.

6. Thermodynamic data used in the program can be changed through
the use of optional input cards.

7. Various print options are provided to limit the amount of
printed output.

8. WATEQF now consists of a main program and 5 subroutines, PREP,
SET, MODEL, PRINT, and SAT. PREP reads the water data, converts
the units of concentration to molality, and calculates all
temperature dependent data at the temperature of the water



sample. SET initalizes values of individual species for the
iterative Mass Action - Mass Balance loop. MODEL ealculates
activity coefficients and solves Mass Action and Mass Balance
equations for the species considered. PRINT prints the results
calculated from the aqueous model, and SAT calculates and prints
the thermodynamic saturation state of the water with respect to
the various minerals considered by the program.

9. The method of convergence on Mass Balance for anions has been
changed to a more accurate and rapid convergence method, essentially
identical to the method used by Truesdell and Jones (1974) for
Mass Balance on cations.

10. The aqueous model will not be solved on analyses if pH is outside
the interval 3.0 - 11.0, or if there is greater than 30 percent
error in charge balance. This procedure is useful in screening
data for punching and/or errors in the analysis. The procedure
can be ignored, however, with the appropriate option specified
in the input.

11. There are several changes in the aqueous model over those of
Truesdell and Jones (1973) as shown in Table 1 and Attachment
B, although none results in major differences between the
calculations of WATEQ and WATEQF for most natural waters.
The choice of speciation, thermodynamic data, and activity
coefficients used by WATEQF are in a continuous process of
revision, as better data become available. The responsibility
for final selection of constants used in WATEQF rests with
the user.

INPUT

The data matrix of species considered and thermochemical constants
is read initially, either from disk or cards. The format of the data
matrix is summarized as follows:

Variables Format
(NSPEC(I), Z(I), GFW(I), DHA(I), I=1,115) (5%, A8, 2X, 12, 3X,

F10.4, 1X, F4.1)

(NREACT(I), DH(I), LOGKTO(I), I=1,193) (5%, A8, 2X, 2F10.4)

Following input of the data matrix, data cards for one or more water
analyses are read. Each water analysis requires 5 cards (4 data cards
followed by a blank card). WATEQF can receive additional data on option
cards that fit into the data stream between card 4 and the blank card (5).



The required input for each water analysis is summarized as follows:

Card Variables Format Comments
1 TITL 20A4 Title
2 TEMP, PH, EHM, EHMC, (5(F6.0,1X), See description
EMFZ, DENS, DOX, FLAG, 2F5.0, 1X, 9I1, below
CORALK, PECALC, IGO, 213)
(PRT(I), I=1,4) IDAVES,
ISPEC, IMIN
3 CUNITS(I) (1I=1,2,3,4, (6E12.5,8X) Ca,Mg,Na,K,Cl,SOA
5,6) (in order)
4 CUNITS(I) (I=7,35,8,45, (6E12.5,8X) HCO';,SiO?,Fe,POA,
88,62) .
SR, F (in order)
Optional input appears here-----

5 Blank card Required to note
end of data for a
particular analysis

DESCRIPTION OF INPUT VARIABLES
NSPEC(I) Names of the species
Z(I) Charge of the species
GFW(I) Gram formula wt. of ith species
DHA(I) Debye-~Hiickel 2 parameter for ith species
NREACT(I) Name of ith reaction
DH(I) AH? for ith reaction (Kcal/mole)
LOGKTO(I)  Log K for the ith reaction at 25°C
TITL General description, identifying information, etc.
TEMP Temperature in degrees C.
pH Negative log of the activity of hydrogen ion.
EHM "True" Eh of solution to which no temperature

correction will be made (volts)

-4



EHMC Electical potential (volts) of the Eh cell with a
calomel reference electrode.

EMFZ Electrical potential (volts) of the Eh cell with
calomel reference in Zobell's solution.

DENS Solution density (g/cm3). If not known, read 1.0.

DOX Dissolved oxygen content (mg/l).

FLAG Signal for units of input concentrations (CUNITS).

l=meq/1, 2=-mg/l, 3=ppm, 4=molality.

CORALK Carbon signal. Set to zero (or blank) if the alkalinity
has not been corrected for silica, boron, etc. CORALK=1
if this correction has been made. Normally, one would
report alkalinity as HCO, (and CO if detected) and set
CORALK to zero. To 1npug total carbon rather than alkalinity,
set CORALK to 2. Total CO, can then be input as HCO,, or, %
if desired, as the individual species of HCOa, CO, and H2C03
H,CO* and CO‘ are read on an optional 'CONC caré

2773, 3
(H2C03 denotes Hzcog + COZaq)'

PECALC Signal for pe calculation. 1If PECALC = O, pe is set to 100
and oxidation-reduction is ignored. =1 computes pe from Eh,
=2 computes pe from dissolved oxygen, =3 computes pe from
dissolved oxygen using the Sato (1960) relation, =4 computes
pe from SOZ / S<.

1GO =0 or blank, if desired to have the data checked for possible
input error or analytical error. pH must be greater than 3
and less than 11 and the analysis must have less than 30%
error in charge balance. =1 if this check is not desired.

PRT(I),

I=1,4 Signals which when set to some non-zero value (say 1) omit
print of: 1I=1, thermochemical data table; I=2, mass balance
convergence iterations; I=3, ion ratios; I=4, mineral saturation
calculations. To obtain the above printout, leave the appropriate
value of PRT(I) blank or zero.

IDAVES Signal used to indicate desired method of calculation of activity
coefficients, Yo of charged ion pairs. 1If 1, the Davies

equation,
2
-A 27 ST
log e = - 0.31

1+ \Jﬁf

is used. If zero, or blank, the Debye-Hiickel equation,




ISPEC

IMIN

2

-AZ; 4T

1 + Ba; yT

log v; =

is used. A and B are constants that depend on the dielectric
constant, density and temperature of the solvent, Z, s the
charge on the ion, I is ionic strength (I= 1/2 Zi m, Zi, where

4 1s the molality of the ith ion), and a, is the "ion size"
parameter. As a general rule, the Davies equation is probably
accurate to ionic strengths less than 0.5 and the Debye-Hiickel
equation is more accurate at ionic strength less than 0.1 -+
(Stumm and Morgan, 1970). Activity coefficients of Cat, Mg ',
Nat, K+, C1™, SO7, CO7, and HCO, are always calculated from
the extended Debye- Huckel equations of Truesdell and Jones
(1974).

Number, of species desired in output (if less than total
number possible for the given water analysis). Leave ISPEC
blank or zero to obtain output for all possible species for
the defined system. If ISPEC is greater than zero, ISPEC
values of KSPEC (species index numbers) must be read (Type
1 optional input; see below).

Number of minerals for which saturation data are required
(if less than the total possible). Leave IMIN blank (or
zero) to obtain saturation data on all possible minerals
for the defined system. If IMIN is greater than zero,
IMIN values of KMIN (mineral reaction index numbers) must
be read (Type 1 optional input; see below).

Total concentration (units of FLAG) of Calcium (1), Magnesium
(2), Sodium (3), Potassium (4), Chloride (5), Sulfate (6),
Carbon, as HCOE, (7),S8ilica, as SiOz, (35) Iron (8), Phosphate,

as P03_ (45), Strontium (88), and Fluoride (62), where the
numbers in parentheses are the appropriate species index numbers
in the program. To enter other species, use Type 2 optional
input cards (see below).



DESCRIPTION OF OPTIONAL INPUT

Additional input is optional and must appear between cards 4 and 5.
Two types of optional input cards are used, Type 1 and Type 2. If used,
Type 1 optional input cards must precede Type 2 optional input cards. :

Type 1 Optional Input

These cards are used to limit the number of species or minerals in
the output. Omit these cards to obtain the complete calculated results
for the given water analysis. To specify individual species for which
output is desired, read ISPEC values of KSPEC(I),

Variable Format
(KSPEC(I), I=1, ISPEC) (1615)

where KSPEC(I) is the index number of the ith species for which output
is desired. Species index numbers are listed in the data tables of
Attachment A. To specify individual minerals for which saturation data
is desired, read IMIN values of KMIN(I),

Variable Format
(RMIN(I), I=1, IMIN) (1615)
where KMIN(I) is the index number of the ith mineral reaction for which
saturation output is desired. Mineral index numbers are listed in the

data tables of Attachment A. If values of both KSPEC(I) and KMIN(I) are
entered, KSPEC(I) must be read before KMIN(I).

Type 2 Optional Input

Type 2 optional input cards are used to (1) enter the total concen-
trations of species not included on cards 3 and 4 ("CONC" card(s));
(2) change the convergence tests on mass balance for anion spec1es (""EROR"
card); (3) change AH® ("DELH" card(s)); (4) change log K at 25°C ("TABL"
card(s)); or, (5) chgnge existing analytical expressions for logK(T), or
enter new analytical expressions for reactions previously defined by the
Van't Hoff equation ("LOGK" card(s)). It is possible to use none, 1,2,3,
4, or all 5 cases of type 2 optional input in a single data set, providing
the sequencing is 1., "CONC", 2., "EROR", 3., "DELH", 4., "TABL",
5., "LOGK". The form of type 2 optional input cards is

Variable Format

(WORD, (INT(I),VAL(I), I=1,5)) (A4,1X,5(I3,E12.5))



where WORD is "CONC", "EROR", "DELH", "TABL", or "LOGK". The meaning of
INT(I) and VAL(I) is described below for each value of WORD.

“"CONC" enters concentration (units of FLAG) of constituents not on card
3 and 4. INT(I) = 17 (H)S), 18 (C05), 39 (NHg), 51 (A1), 81(Li), 85.
(NO3), 86 (HZCO ), 87 (B), 90 (Ba), 98 (Br), and 101 (Mn). VAL (I) is
the concentration of the INT(I) constituent.

"EROR" overrides pre-set mass balance convergence constraints

on anions. Pre-set values of EROR1-EROR5 are 0.001 (0.1 percent
error in mass balance). EROR1-EROR5 are entered on the "EROR" card
as VAL (1) - VAL (5). 1In the order l=carbon, 2=sulfate, 3=fluoride,
4=phosphate, 5=chloride. Values of INT(I) are not used.

"DELH" overrides values of the standard delta enthalpy of reaction

(25 degrees C) used in computing the temperature dependence of equilibrium
constants from the Van't Hoff equation. INT(I) is the index number

of the ith reaction (see Attachment A) for which DH(I) is to be changed
and VAL(I) is the appropriate new value of DH(INT(I)).

"TABL" overrides values of LOGKTO(INT(I)) (log K of reaction at 25
degrees C used in computing the temperature dependence of equilibrium
constants from the Van't Hoff equation). INT(I) is the index number
of the ith reaction (see Attachment B) for which LOGKTO is to be
changed and VAL(I) is the appropriate new value of LOGKTO(I).

"LOGK" overrides existing analytical expressions for log K as a function
of T (degree K), or enters as many as 35 new, previously undefined
analytical expressions for log K (T degrees K).The form of the analytical
expression must be

2

Log KT(INT(I)) = A + BT + C/T + DT" + E/Tz,

where T is temperature in degree K and A,B,C,D, and E are fit parameters
(may be zero or blank). INT(1l) is the index number of reaction (see
Attaghment A) and INT(2)-INT(5) are ignored. VAL(1l)=A, VAL(2)=B,
VAL(3)=C, VAL(4)=D, VAL(5)=E.

Values of A,B,C,D, and E for analytical expressions pre-set in the program
are listed in the data tables of Attachment A. Note that the analytical
expression for reaction (26) is further modified in the program (see card
B1600 of Attachment B). If any of the cards, "EROR", "DELH", 'TABL",
"LOGK", are used in a particular water data set, calculations for that
data set and all subsequent data sets will use the new input values. The
last card in each water analysis data set must be blank, whether option
cards are used or not.



OXIDATION-REDUCTION OPTIONS

There are several possible options that result from choosing appro-
priate values of EHM, EHMC, DOX, EMFZ, and PECALC. To specify Eh directly,
the desired value should be read as EHM (in volts). This value of Eh
will not be corrected for temperature. If the redox potential with Calomel
reference was measured in the field and it is desired to correct that
measurement for temperature, the measured value should be read as EHMC
(in volts). EHM must then be greater than 9.0. Any value of EHMC less
than 9.0 is then considered real and a temperature-corrected Eh (EHM)
is computed. If no Eh was measured, EHMC and EHM should be greater than
9.0. If the Eh-Calomel of a standard Zobell's solution was measured in
the field, read the value as EMFZ (in volts) and EHMC will be corrected.

If EMFZ is greater than 9.0, EHMC will be corrected for temperature only
(provided EHMC is less than 9.0).

Oxidation-reduction equations used in calculating the distribution
of species are written in terms of pe. pe can be computed from Eh, dis~
solved oxygen, or SO, / S=. If PECALC = 1, pe is calculated from Eh.

If PECALC = 2, pe is computed from dissolved oxygen. If PECALC = 3, pe
is computed from dissolved oxygen using the relation of Sato (1960). If
PECALC = 4, pe is computed from SO, / S~ (provided SO, and total H,S
are entered). If PECALC = 0, redox relations are ignored. If pe is to
be computed from dissolved oxygen, a real value of DOX must be read, and
to calculate pe from Eh requires either a real value of EHM or EHMC to
be read.

Six possible examples of redox options are tabulated and discussed
below:

EHM EHMC EMFZ DOX PECALC
1) <9 >9 >9 blank 1
2) <9 >9 >9 > 0.0 2
3) >9 <9 >9 blank 1
4) >9 <9 > 9 > 0.0 2
5) >9 <9 <9 blank 1
6) blank blank blank blank 0
or >9 or >9 or >9



1) Eh is to be used without correction and pe is to be computed from
Etl.

2) Same as 1) but pe is computed from dissolved oxygen.

3) Eh was measured in the field and it is desired to correct that
measurement for temperature. The Eh of standard Zobell's
solution was not measured. pe is to be computed from Eh.

4) Same as 3) but pe is to be computed from dissolved oxygen.

5) Eh was measured in the field as well as the Eh of standard
Zobell's solution. pe is to be computed from Eh.

6) No information on oxidation-reduction is available, and redox
relations are to be ignored. (pe is set to 100)

Other possible options should be obvious from these examples.
OUTPUT

The output of WATEQF consists of a table of data constants used in
the calculations (printed once). The output for each water analysis lists
the title card and tabulates most of the input data. At the end of each
iteration through the equilibria equations, the difference between the
computed and analytical anion species is tabulated so that convergence
progress can be followed. When convergence on the aqueous model has been
obtained, various parameters that describe the solution are printed.

Some of these are ionic strength, activity of water, comparison of com-
puted and analytical charge balance, pH, pe, temperature, PCO ’ PO , total

dissolved solids, and others. The concentration of each aqueous species
(value greater than zero) is printed as ppm, molality, and activity, and
log values, as well as ionic activity coefficients and their logs. Mole
ratios and log activity ratios are computed and tabulated. The activity
product of 101 minerals and their saturation index, AG and logK are
printed. Saturation output for minerals in which the activity of an ith
species in the reaction is zero are omitted from the tabulation. Parts
of the output can be deleted with appropriate values of PRT(I), as des-

cribed above, and by use of the ISPEC and IMIN optioms.

-10-
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Table 1: Revised Thermochemical Data]‘/’zl

I  NREACT Source AH: LogK 25°C Analytical Expression for log K(TOK)
10  SIDERITE 1 -10.55
13 CALCITE 23/ 13.543 - 0.0401T - 3000./T
25  KMGOH 3 0.684 + 0.0051T
31  KNAHPO 4 0.0 0.29
33 KKHPO 4 0.0 0.29
36  KH2CO3 54/ ~14.8435 + 0.032786T + 3404.71/T
63 FLUOR 6 -10.50
69  KHCO3 vad ~6.4980 + 0.02379T + 2902.39/T
74 KMGCO3 8 0.991 + 0.00667T
75  KMGHCO3 9 2.319 -.011056T + 2.29812x10 T2
78  KCAHCO3 2 -2.95 + .0133T
79 KCACO3 10 ~27.393 + 4114/T + .05617T
80  KCAF+ 11 412 0.9
149  BLANK 12
158 KMN 3+ 13 25.760 -25.507
159  KMNCL+ 14 0.0 04607
160  KMNCL2 14 0.0 0.041
161  KMNCL3- 14 0.0  -0.305
162  KMNOH+ 14 0.0 3.449
163 KMN(OH)3 14 0.0 7.782
164  KMNF+ 14 0.0 0.850
165  KMNSO4 15 3.700  1.708
166 KMNNO3,2 14 ~0.396  0.059
167 KMNHCO3+ 16 0.0 1.716

-12-



TO

FROM

SUBJECT:

GPTIONAL. FORM NO. 10
MAY 1952 EDITION
GSA FPMR (41 CFR) 191-11.6

UNITED STATES GOVERNMENT

Memorandum
The Record DATE: April 21, 1977

L. Niel Plummer
Summary of Errors, changes and revision of WATEQF

1. Reaction 91 log Kog = +40.64 j OHY = -65.44. AHyp is wrong in
write up. Program is correct, however

2. Table errors on AHp and Tog K25 for reacticn 90. Correct
AHp = 4.9104. Correct log Kog = 1.9869. Analytical expression
which is currently used in the program is correct.

3. Summation of mass balance on anions now preceeds anion ioop.
Listing shows summation within anion loop. Printed mass balance in
sea water test case in WRI 76-13 are eroneous owing to 1mproper loca-
tion of summation.

4. CaF' was enormously summed into COZTOT' See card E320.

5. If Fe or Mn are specified without redox information, the program
will now set PE to zero, print a message stating that such has occurred,
and continue calculation. Previously, the program would fail on
iteration. With this change, the program will not fail but, of course,
one should always supply desired redox information whenever iron and/or
manganese are specified.

6. A new option for units of input concentration has been added.
Millimoles per Titer (1000 x M) may be input. For this case, FLAG is
set to zero. ) .

7. In correcting titration alkalinity for non-carbonate alkalinity,
a new option (CORALK = 3) has been added which considers all possible
non-carbonate alkalinity species. This is similar to CORALK = 0
which considers only the major non-carbonate alkalinity species.

8. The values of EPM are now correctly calculated from PPM rather
than molality.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan






9. Prints have been added to show:

a) FLAG, CORALK, PECALC, IDAVES options

b) charge balance in Meq/kg H,0

c) total alkalinity in Meq/kg Hy0

d) carbonate alkalinity in Meq/kg H,0
10. It is now possible to override an existing analytical expression
with a Van't Hoff relation for the temperature dependence of equilibrium
constants. This is done internally whenever an optional DELH or TABL

card is used for a pre-existing analytical expression.

11. The minimum number of jterations required to solve the aqueous
model within the mass balance limits has been changed from 5 to 2.

12. Corrections to WRI 76-13

a) Page 54, Tine 69 should read: cog' + K = HeOg
b) Page 57, line 127 should read: Li' + so§'= Li50]

13. Other changes have been made to improve the efficiency of the
program which may be found by comparison of a current Tisting with

that in WRI 76-13.
< ) /7

L. Niel Plummer
Hydrologist






OPTIONAL. FORM NO. 10
MAY 1962 EDITION
GSA FPMR (41 CFR) 101-11.6

UNITED STATES GOVERNMENT

Memorandum

TO * Users of WATEQF - A FORTRAN IV version of WATEQ: PATE: May 17, 1977
A Computer Program for Calculating Chemical Equilibria
of Natural Waters

L. Niel Plummer, WRN, NR

FROM

SUBJECT: (Change of resident disk for WATEQF and TABLES, and program revision.

Due to a recent upgrading of on-line disk facilities in the Northeastern
Region, it has been necessary to move the-program WATEQF and data TABLES
from the on-line disk CCD907 to CCD808. To use WATEQF off a Reston disk
after May 17, 1977, your control language should be changed to indicate
the new Tocation of the program and data file (CCD808).

The following control cards will now execute the program:

/*RELAY PUNCH RE2
//...(JOB CARD)..
/*ROUTE PRINT REMOTEXX
/ /EXEC PGM=WATEQF,REGION=110K
//STEPLIB DD UNIT=3330,VOL=SER=CCD808,DISP=SHR,DSN=BFJONES.PGMLIB
//FTO5F001 DD DDNAME=SYSIN
//FTO6FO0L DD SYSOUT=A
//FTO7F001 DD SYSOUT=B
//FTO9F001 DD UNIT=3330,VOL=SER=CCD808,DISP=SHR,
// DSN=BFJONES.TABLES.WATEQF
//SYSIN DD *
Insert Water Analyses Here
//

$$$

In addition a revision of WATEQF has recently been completed. The more
important changes are summarized on the attached memc dated Aprl? 21, 1977.
You may obtain current listings or card decks of WATEQF by using one of the
attached utility routines.

If you have any questions or problems, feel free to contact me.

Wik (R

L. Niel Plummer
Hydrologist

Attachment

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan






168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

191
192

193

NREACT Source
KMNO4- 14
KMNO4—- 14
BLANK 12
KHMNO2-~- 17
MANGANO 18
PYROLUST 18
BIRNSITE 19
NUSTITE 19
BIXBYITE 18
HAUSMITE 18
MNOH2 19
MNOH3 17
MANGANIT 19
RHODOCHR 18
BLANK 12
MNCL2 18
MNCL2,1W 14
MNCL2, 2W 14
MNCL2, 4W 14
TEPHRITE 18
RHODONIT 18
MNS GRN 17
MNSO4 14
MN2S04, 3 17
MN3PO4, 2 17
MNHPO4 14

AR®
r

176.620

150.020

0.0
-24.025
-29.180

0.0

0.0
-15.245
-80.140

4.100

20.090

0.0

-2.079

-17.622
-7.175
1.710
17.380
-40.060
-21.885
-5.790
-15.480

-39.060
2.120

0.0

LogK 25°C

Analytical Expression for log K(T°K)

-127.824

-118.440

-34.440
17.938
15.861
18.091
17.504
-0.611
61.540

-12.912

-35.644
-0.238

-10.539

8.760
5.522
3.974
2.710
23.122
9.522
3.800
2.669

-5.711
-23.827

-12.947
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Data sources for Table 1

1. Langmuir (1969).

2. Jacobson and Langmuir (1974).

3. McGee and Hostetler (1975).

4. Estimated using the pH and composition of NBS buffers

(6.86 and 7.41), and charge balance.

5. Harned and Davis (1943).

6. E. A, Jenne (1975), oral communication to B. F. Jones.
7. Harned and Scholes (1941). |
8. Siebert (1974).

9. Fit to the data of Siebert (1974).
10. Reardon and Langmuir (1974).
11. Nordstrom and Jenne (1976).
12. Not presentix used 3+

13. AGZ, AHQ Mn'', Wagman, et. al, (1969). Ac‘;, AH? Mn~', Latimer (1952).

14, Wagman, et. al. (1969).

15. AGY, Hem (1963), AH? Wagman, et. al, (1969).

f
16. Hem (1963).
17. Latimer (1952).
18. Robie and Waldbaum (1968).
19. Garrels and Christ (1965).

Footnotes to Table 1

1/

No attempt has been made for internal consistency of thermodynamic
data in WATEQF. Responsibility for selection of thermodynamic data
rests with the user. The revised thermodynamic data of Table 1 do
not reflect the forth coming revision of U.S. Geological Survey
Bulletin 1259 which may have profound effects on the thermodynamic
data for Aluminium.

2/The ion pairs Nazcog and NaZSOZ are no longer used in WATEQF. The

CaF+ ion pair has been added to the model.

3/

This analytical expression for the calcite equilibrium constant
assumes that the ion pair Cchog is present in the aqueous model.

If CaHCOi is deleted from the model via an optional LOGK card (by
setting log KCaHCO+ to, for example, to -30.), log Kcalcite should

by changed to 13.8;0 - 0.04035T - 305.9./T, as recommended by Jacobson
and Langmuir (1974).

-14—-



4f

Reactions 36 and 63 have been changed from dissociation (in WATEQ)

to association in WATEQF. For the most part, all ion pair reactions
are written as association in WATEQF, that is, most ion pair equilibria
show the pair as a product. All mineral equilibria are written with
the solid as reactant. See Attachment C for details of all reactions
in WATEQF.

-15-



Test case, data, and computed results

Attachment A
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Attachment B: Program Listing

#ase PROGRAM WATEGF w#w#aae Ao FORTRAN IV VERSICN OF waTEQ

REVISED FROM PL1 VERSION OF TRUESDELL AND JONES,
NIEL PLUMMERs SUMMER 1972.
LATEST REVISION ALGUSTs 1976,

acas DESCRIPTION CF INPLT = S CARDS ARE REQUIRED awea

CARD 1 TITLEs JCB DESCRIPTION, (20A4)

CAREC 2 TEMP yPHoEHMoyERMCsEHMZ yDENSsDOXoFLAGsCORALKIPECALCIGO
(PRT(I)eI=104) o IDAVESISPECsIMIN
(S(F6,091X)e2F5,091X9911+213)

TEMP, oo+ TEMPERATURE JN DEGREES C
PHooess e NEGATIVE LOG ACTIVITY He
EFMoesos o PREFERRED EH oeoSEE OPTIONS
EMMCqe o0 s MEASUREL EH oo¢ SEE OPTIONS
ENMFZeoeeMEASUREC EH OF ZOBELL SOLUTION
DENS o oo o DENSITY OF SOLUTION (G/CC)
DOXesosoDISSOLVED OXYGEN (MG/L)

FLAGsosoSIGNAL FOR UNITS OF INPUT CONCENTRATION.

1=MEQ/Le 23MG/Le 3=PPMy 4=MOLALITY, O = oo ronm g (rA52e3)

CORALK,. =0 IF ALKALINITY HAS NOT BEEN CORRECTED FOR RORON ETC.

]l IF THE CORRECTION HAS BEEN MADE. =2 IF TOTAL CO02 IS INPLT
RATHER THAN ALKALINITY, 3 CORFE PV ALL FOSSIBLE ruommCALBIMATL AL UALAT

PECALC..=0 WILL SET PE TO 100y =1 COMPUTES PE FROM Eby
=2 COMPUTES PE FROM DOX(THEORETICAL)e = 3 COMPUTES PE FROM
THE SATO RELATIONy = 4 COMPUTES PE FROM Se= = SQ4==,

1GO..=0+s0R BLANKy IF CESIRED TO HAVE DATA CFECKED FOR INPUT
ERRORes PH MUST BE GREATER THAN 3 AN_D LESS THAN 11+ AND THE
ANALYSIS MUST HAVE LESS THAN 30% ERROR IN CHARGE BALANCE., =1
IF THIS CHECK IS NGT TO BE MADE.

(PRT(I)9I=1v4)9 CAN BE SET TO 1 TO DELETE PRINT OF
THERMOCHEMICAL DATA4MASS BALANCE CONVERGENCE ITERATIONS,
RATIOS OF IONSe« AND MINERAL SATURATION, RESPECTIVELY. PRT(I)

SHOULD BE SET.TO ZERO OR BLANK TO OBTAIN THE RESPECTIVE PRINT.

IDAVES,e=19s ACTIVITY COEFFICIENTS OF CHARGED ION PAIRS ARE

CALCULATEC FRCM THE DAVIES EQUATION. =0 (QR BLANK)s ACTIVITY

COEFFICIENTS CF CHARGED ION PAIRS ARE CALCULATED FRCM TkF
DEBYE-HUCKEL EGQUATICNe. IDAVES HAS NO EFFECT ON GAMMA(]l)~-
GAMMA(T)e AND GAMMA(18),

ISPECes = NLMBER OF SPECIES OESIRED IN CQUTPUT(IF LESS THan TOTAL

POSSIBLE), TO OBTAIN OUTPUT OF MOLALITYs ACTIVITY, ETC. OF
ALL POSSIBLE SPECIES FOR THE DEFINED SYSTEM, LEAVE ISPEC
BLANK (OR ZERC)e. 1IFf ISPEC GT. ZEROs ISPEC VALUES OF KSPEC
(SPECIES INDEX NUMBER) MUST BE READ (SEE BELOW)e. IF ISPEC =
BLANK (ZERO)s OMIT KSPEC CARD(S).

IMINgse = NUMBER OF MINERALS FOR WHICH SATLRATION OUTPUT IS
DESIRED (IF LESS THAN TOTAL POSSIBLE)., TO CBTAIN SATURATIOAN
DATA ON ALL PCSSIBLE MINERALS FOR THE DEFINED SYSTEMy LEAVE
IMIN BLANK (OR ZERO)s IF IMIN GT, ZERO« IMIN VALUES OF KMIN
(MINERAL INDEX NUMBER) MUST BE READ (SEE BELOW), IF IMIN =
BLANK (OR ZERC)y OMIT KMIN CARDS(S),

CARD 3 CA MG NA K CL S04 (6{E12:5)+8X)
CARD 4 HCO3 SIC2 FE PO4 SR F (6(E1245)48X)
eee OPTIONAL CARDS OF TYPE 1 APPEAR HERE oeee
ese OPTIONAL CARDS OF TYPE 2 APPEAR HERE ..
CARD S BLANK CARD (DENOTES END OF DATA FOR A PARTICULAR
WATER ANALYSIS,)

0o esDESCRIPTION OF OPTICNAL INPUT.eee .
ALL OPTIONAL INPUT MUST APPEAR BETWEEN CARDS 4 AND S,
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S0
100
110
10
130
140
150
1€0
170
180
150
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210
220
230
240
250
260
270
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250
300
310
320
330
340
3%0
360
370
380
360
400
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4Z0
430
440
450
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470
480
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500
510
520
530
540
SE0
S€0
570
580
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600
610
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TYPE 1 CARDS ‘NUST PRECEED TYPE 2 CARDS.

REBBBRBERBRRBRABRRBBBREBRGS

TYPE 1 OPTIONAL INPUT CARDS

(I I XXX YR Y Y YYYYY YY)

(KSPEC(I)+1=1,1SPEC) (16I5) KSPEC(I) IS THE INDEX NUMBER OF THE
ITH SELECTED SPECIES FOR WHICH OUTPUT 1S DESIRED. OMIT CARC
IF ISPEC = BLANK (OR ZERO),

(KMIN(I) oI=1oIMIN)  (161S) KMIN(I) IS THE INDEX NUMRER OF THE
ITH SELECTED MINERAL FOR WHICH SATURATICN OUTPUT IS DESIRED,
OMIT CARD IF IMIN = BLANK (OR ZERO),

NCTE THAT IF BOTH KSPEC AND KMIN ARE READs KSPEC(I) MUST BE READ

REFORE KMIN(I).

BRBBRERNRBBBLRACRNBBBRRBRRD RS

TYPE 2 OPTIONAL INPUT CARDS

SRR RBRRBRRNRBRARBRNDBLNNRONES

WCRB o (INT(I)eVAL(I)sI=10e5) (A4ye1X9S5(134E12.5))
WCRD = 'CONC's 'EROR'y 'DELM's 'TABL'e OR'LCGKY,

YCONC'®, .ENTERS CONCENTRATION (UNITS OF FLAG) OF CONSTITUENTS
NOT ON CARDS 3 AND 4o INT(I) = 17(H2S)41€8(C03)+39(NH4)+S1(AL)
81 (LI)»BS(NCI) +86(H2CCI)9BT(B) +S0(BA) 9B (ER)WAND 101(MN),
VAL(I) IS THE CCNCENTRATION OF THE INT(I) CONSTITUENT,

'EROR?, ,OVERRIDES PRE-SET MASS BALANCE CONVERGENCE CONSTRAINTS
ON ANIONS, PER=SET VALUES OF EROR1=FRORS ARE 0,001(0.1% ERROR
IN MASS BALANCE). ERCR]1=ERORS ARE ENTEREC ON THE 'EROR' CARD
AS VAL(1)=VAL(S)s IN THE ORDER 1=CARBONs Z2=SULFATEs 3=FLUCRIDE,
42PHOSPHATEs S=CHLORIDE. VALUES OF INT(I) ARE NOT USED.

*DELH' . ,OVERRIDES VALUES OF THE STANDARD CELTA ENTHALPY OF
REACTION (25 DEG. C) LSED IN COMPUTING THE TEMPERATURE
DEPENDENCE OF EGUILIBRIUM CONSTANTS FROM THE VANT HOFF EQUATICN.
INT(I) IS THE INDEX NUMBER OF THE ITH REACTION FOR WHICH DHI(I)
IS TO BE CHANGEC AND VAL(I) IS THE APPPRIATE NEW VALUE OF

DM (INT(I)),

*TABL'4,OVERRIDES VALLES OF LOGKTO(INT(I)) (LOG K OF REACTION AT

25 DEG. C USED IN COMPUTING THE TEMPERATURE DEPENDENCE OF
EQUILIBRIUM CONSTANTS FROM THE VANT HOFF EQUATION), INT(I) IS
THE INDEX NUMBER OF ThE ITH REACTION FOR wHICH LOGKTO IS TO BE
CHANGED AND VAL (1) IS THE APPROPRIATE NEW VALUE OF. LOGKTO(I).

'LOGK?® . ,OVERRIDES EXISTING ANALYTICAL EXPRESSIONS FOR LCG K AS A

FUNCTION OF T(DEG.K)s OR ENTERS NEWs PREVIOUSLY UNDEF INED
ANALYTICAL EXPRESSIONS FOR LOG K(T DEG.K). THE FORM OF THE
ANALYTICAL EXPRESSION MUST BE

LOG KT(INT(I))=A+BRT+C/TeDuTHU2+E/THu2
WHERE T IS TEMPERATURE IN DEG. Keo AND A9sBsCeDe AND E ARE FIT
PARAMETERS (MAY BE ZERO OR BLANK), INT(1) IS THE INDEX NUMBER
OF REACTION AND INT(2)=~INT(S5) ARE IGNORED. VAL(1)=AsVAL(2)=8Bys
VAL(3)=CoeVAL (4)=Dy VAL (S)=E,

IF ANY OF THE CARDSy 'EROR'o'ODELH'9'TABL'9'LOGK?y ARE USED IN A
PARTICULAR WATER CATA SETs CALCULATIONS FCR THAT DATA SET AND ALL
SUBSEQUENT DATA SETS WILL USE THE NEW INPUT VALUES. THE ORDER CF
TYPE 2 OPTIONAL INPUT CARDS IS 'CONC'9'EROR'¢'DELH"+*TABL'+AND
'LOGK's IF ALL S ARE USED. THE LAST CARD IN EACH WATER ANALYSIS
DATA SET MUST BE BLANKs WHETHER OPTION CARDS ARE USED OR NOT,
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620
630
640
650
6€0
670
~€0
6S80
700
710
720
730
740
750
7€0
770
T80
750
a0o0
Aa10
RZnN
B30
840
880
8€0
810
aeo
8s0
900
910
920
930
940
950
9¢€0
970
SE8o
960
1000
1010
1020
1030
1040
1050
10€0
1070
1080
1050
1100
1110
1120
1130
1140
1150
1160
1170
1180
1150
1200
1210
1220



10

20

30
40

€0
€0
70
eo

INTEGER DeE+DCIRBIT4CORALKZ(120) ¢+PRT (6)

INTEGER PECALCIPECK

REAL MI(120)¢KT(200)¢sLOGKT(200)¢LOGKTO(200) ¢+MNTOToLH20oMUINATOT oKT
10T oM#GTOToLITOToNHATOT oKW

REAL ®@8NSPEC(120) ¢+NREACT (200)

CCMMON MIoKToLOGKT s LOGKTO oKW oD eEsDDsCoReTsFoTEMP sA4BoPEIWPESIPEDCHP
1ESATOIPECKsPECALCoPHITENMPE s TENPHoALFA(120) 9GAMMAC(L120) +AP(200) o XL A
2LFA(120) ¢ZeCUNITS(120) s ANALMI(120) ¢« NSPECINREACTsGFW(120) 4DHA(120) »
INK(200) s AH20 4 LH204EROR]1 +FROR2¢EROR3IERORG yERORS ¢yEHMeDENS s DOX 9 XLMT ¢
4120) sy ITERIRBIToCISAVEsCCRALKIMU9LCHEK (200) sCO2TIToANALCOSITOToCAT
SOTo#GTOTsKTOTINATCT 4SOSTOTHIFETOToPTOTHALTCToFTOT4BTOTHLITOT,NH4TOT
6eSRTOTBATOT+CLTOToMNTOToICKsPRTITITL(20) sEPMCATIEPMANSNEQUISPECY
TKSPEC(120) ¢ IMINJKMIN(200) o TDSe IDAVESs IPRT

D=11%

E=193

1FRT=0

NEQU=1S

READ (9950) (NSPEC(I)oZ(I)esGFW(I)sDHA(T) oI=10D)

READ (9+60) (NREACT(I)sDOH(I)sLOGKTO(I)sIzloE)

CCNTINUE

READ (S5¢704ENC=40) TITL

ICK=(Q

CALL PREP

IF (ICK.EQ.1) GO TO 10

caLlL SET

CCNTINUE

CALL MODEL

IF (ITER.EQ.28) GC TO 30

IF (RBIT.EQ.1) GO TO 20

IF (ITER.LTeS5) GO TO 20

CALL PRINT

IF (PRT(4).NE,0) GO TO 10

CALL SAT

6C 10 10

PRINT 80

GC 70 10

SToP

FCRMAT (S5XesAB842Xs12¢3X9F10e491X9Fé,el)

FCRMAT (5X¢ABy2Xe2F1064)

FCRMAT (20a64)

FCRMAT (10Xs*CONVERGENCE DID NOT OCCUR WITHIN 200 ITERATIONS, CALC
IULATION TERMINATEC'9///)

END

SUBROUTINE PREP

INTEGER DsE+sDD*RBIT+CORALKSZ(120) s WORDsCARD(6) +FLAGIPRT (4)+sSIGN(2)

INTEGER PECALCPECK

DIMENSION INT(S)e VAL(S)s INPT(22)9¢ GRAMS(120)s IEQU(50)s COEF (542
100)s V(120) .

REAL MI(120)¢KT(200)+LOGKT(200) oLOGKTO(200) ¢+MNTOToLH204MUINATOT oKT
10T oMGTOTsLITOToNHGTOT oKW

REAL 9BNSPEC(120) +NREACT (200)

COMMON MIoKToLOGKT oLOGKTO oKW oD 9sE9yDD9yCoR9ToF s TEMPoAsBIPESPES,PEDCP
1ESATOWPECKIPECALCoPHITENMPE g TENPHoALFA(120) sGAMMA(120) sAP(200) o XLA
2LFA(120)9ZsCUNITS(120) o ANALMI(120) sNSPECINREACT4GFW(120)9+DHA(120) ¢
30K (200) s AH209LH20+EROR] yEROR2+ERORIHERORSG 9ERORS+EHMs DENS ¢ DOX o XLMI (
4120) ¢ ITERJRBITICISAVEsCCRALKsMUSILCHEK (200) +CO2TITyANALCOsSITOTHCAT
SOToNGTOT4KTOTINATCTsSOSTOTIFETOT4PTOTHALTOT«FTOT+BTOTSLITOT4NHGTOT
G6eSRTOTsBATOToCLTOTWMNTOTSICKoPRToTITL (20) ¢EPMCATEPMANJNEQU, ISPECY
TKSPEC(120) s IMINJKMIN(200) ¢ TDSe IDAVES s IPRY
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1230
1240
1250
12€0
1270
L2€0
1290
1300
1310
1320
1330
1340
1350
1360
1370
1360
1350
16400
1610
16420
1620
1640
1650
14€0
1470
1480
1450
1500
1510
1520
1530
1540
1550
15€
1570
15€0
1550
1600
1610
1620
1630
1640
1650
1660
1670~
10
20
30
40
50
€0
70
80
S0
100
110
120
120
140
150
160



DATA CARD/'CONC? 9 *EROR ¢ *DELH ¢ * TABL Y9 'LOGK?»?
DATA IEQU/13014415925026¢27¢36¢69973¢74075¢78¢79490+92035%0/

*/¢SIGN/?

1o000/

DATA COEF/60%000913.543¢=0,04019=300000¢2%04006¢3689=04016346+=-3405
165¢2%0,0039,47B9=06065527¢=12355,104T7%040+0.68490,0051255+3¢0,0+28
20605990,012078+1573,2192%04000463220=0,0012259=2835,76¢42%0,9=14,.8
3435900,0327860434064,710162%0,90=6,4984406023799+2902,39¢17%0,0+3,10
‘6’0.0'-67306'2'0.000.991'000066793'00092.319"0011056900002029812E
S§=05¢11%0e0922¢95+06013393%0,00=27e39300,05617¢4114,0¢52%0,04=5,350
6500001834120557¢246107%0409114179=0,02386¢=3279.00542%0,0/

DATA INPT/10293046950607935¢80659889629¢17918¢39¢519¢81¢85987450+9891

101/
C=2,302585092
F=23,0603
R=]1.98719€E=-03
EROR1=,001
EROR2=,001
ERQR3=,001
EROR4=,001
ERORS=,001
1CK=0
PEDC=100,0
PESATO=100.
PES=2100,0
DC 10 =140
CUNITS(I)=0.0
ALFA(I)=0,0
MI(I)=0.0
XLMI(I)=0,0

IF (Z(1)+EQ.0) V(IN=1l,0

IF (Z(1).,EQ.0) GO TQ 10

IF (Z(I)elTa0) V(I)==l,0%2(1)
IF (Z(I)¢GTe0) VI(I)=1,0%Z(I)

10 CCNTINUE
PECK=0
PRINT 560

READ S70s TEMFoPHoEHMoERMCeEMFZ9yDENSeDOXoFLAGICORALKIPECALCoIGO, (P

IRT(I)el=144) ¢ IDAVESIISPECIIMIN

IF (IPRTLEQ.1) PRT(1)=1

IF (PRT(1)«NE,O)

PRINT 580

DC 30 I=1,D

ISIG=SIGNI(1)

DC 20 J=1sNEQU

IF (I.EQ.IEQU(J))
€0 CCNTINUE

GO 70 70

I1SIG=SIGN(2)

PRINT 590¢ IoNREACT(T)eDH(I)9LOGKTO(I) oISIGeIoNSPEC(I)9Z(]1),0rALI)

1eCGFW(]I)
30 CCNTINUE
DC=De1l
DC S0 1=DDsE
ISIG=SIGN(])
DC 40 J=1eNEGU
IF (I.EQ.IEGQU(J))
40 CCNTINUE

PRINT 600y IoNREACT(I)sDH(I) W LOGKTO(I)WISIG

80 CCNTINUE
PRINT S10
DC 60 I=1+NEGL

ISIG=SIGN(2)

PRINT 520y IEQU(I)eNREACT(IEQU(X))eCOEF (1+IEQU(T))COEF(24IEQU(I))

19COEF(3+IEQU(T))+COEF(491EQU(T)) +COEF (SeIEQU(I))

60 CCONTINUE
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170
180
160
200
210
220
230
240
250
P€0
270
280
2560
300
310
320
330
340
350
3€0
370
3€0
350
400
410
4z0
430
440
480
4€0
470
4E0
4S50
500
510
520
530
540
580
S€0
570
5€0
560
600
610
620
630
640
650
6€0
670
680
650
700
710
720
730
740
750
7€0
770



o000n

o000

70

SO

100

110

140

150

1€0
170

1e0

150

CCNTINUE

IFRT=1

PRINT 6100 TITL

READ 620y (CUNITS(INPT(I))sI=1912)

IF (ISPEC.GT.,0) READ 530+ (KSPEC(I)s1=14ISPEC)
IF (IMIN.GT.0) READ 530s (KMIN(I)sI=1sIMIN)
REAC 630y WORCs (INT(I)+VAL(I)sI=1+5)

IF (WORD,NE.CARD(1)) GO TO 100

0C 90 I=1+5

IF (INT(1).EQ.0) GO TO 90
CUNITS(INT(I))=VAL (D)

CCNTINUE

GC TO 80

CCNTINUE

IF (WORD.NE.CARD(2)) GO TG 110
EROR1=VAL (1)

EROR2=VAL (2)

EROR3I=VAL (3)

ERORGZVAL (4)

ERORS=VAL (5)

REAC 630+ WORCs (INT(I)sVAL(I)9I=145)

IF (WORD.NE.CARD(3)) GO TO 130

DC 120 I=1+5

IF (INT(I).EG.0) GO TO 120

Dk (INTCI))=VAL(I) »
PRINT 6409 INT(I)oNREACTC(INT(I))sVAL(T)
CCNTINUE

READ 630+ WORDs (INT(I)oVAL(I)sI=1+5)

GC TO 110

IF (WORDJNE.CARD(4)) GO TO 150

DC 140 I=1+5

IF (INT(I).EQG.0) GO TO 140
LCGKTO (INT (1)) =VAL (1)

PRINT 6509 INT(I)oNREACT (INT(I1))oVAL(I)
CCNTINUE

READ 6309 WORDs (INT(I)sVAL(I)sI=1+5)

6C To 130

CCNTINUE

VANT HOFF EQUATION FOR EFFECT OF T ON K

TSTEMP+273,.16
Cl=(298416=T)/(298,16%T*C*R)
DC 170 I=1+E

LCGKT (1) =LOGKTO(I)=DH(1)#Cl
LCHEK(I)=0

IF (LOGKT(I) el Te=77e0,0RLOGKT(I)eGTo7540) LCHEK(I)=]

IF (LCHEK(1).,EQ.,1) GO TC 160
KT(I)=10.%#LOCKT(])

CCNTINUE

CCNTINUE

Kw=KT({153)

ANALYTICAL EXPRESSIONS FOR EFFECT OF T ON K
IF (WORD,NE,CARD(S)) GO TQ 220

IF (INT(1).EQ.0) GO TO 210

DC 190 I=1+S

CCEF (I+INT(1))=VALKI)

CCNTINUE
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7€0
750
800
810
Az0
830
840
8%0
8€0
a70
Raeo
80

910
9z0
930
940
950
9€0
970
Q80
950

1000

1010

1020

1020

1040

1050

1060

1070

1080

1050

1100

1110

1120

1120

1140

1150

11€0

1170

1180

1150

1200

1210

1220

1230

1240

1250

1260

1270

1280

1250

1300

1310

1320

1330

1340

1350

1360

1370

1360



(2 NeNal

200

210

220

230

240

ceo
270

280
250

300

310
320

330

1€EQ=0

DC 200 I=)sNEGU

IF (1EQU(I)CEG.INT()1)) IEQ=)
CCNTINUE

IF (IEQ.EQe0) NEQUL=NEQUe]

IF (IEQ.EQ.0) IEQU(NEQU)=INT(1)

PRINT 6609 INT(1)9sNREACT(INT(]1))sCOEF(1sINT(1))9COEF(2+4INT(1))+COE

1F (3¢INT(1))9CCEF(4sINT(1))9COEF (SeINT(1))
CCNTINUVE

READ 630y WORCs (INT(I)eVAL(I)eI=]1+5)
GC 70 180

CCNTINUE

IF (WORD.,EQ.CARD(€&)) GO TO 230
PKINT 540

READ 630+ WORDe (INT(I)eVAL(I)eI=1e5)
GC T0 220

CCNTINUE

DC 240 I=1sNEGU

LCGKT(IEQU(TI))=COEF (19 IEQU(I))*COEF (24 1EQU(I))®T+COEF (3+IEQU(I))/T

1+4COEF (49 IEQU(I))®T®#TeCOEF (SeIEQU(I))/Z(T*T)
CCNTINUE

LCGKT (26)=LOGKT (26) ¢ALOG10(KW)=1342258%ALCG10(T)
NC 250 I=1sNEGU

KT(IEQU(I))=1E1*8 (LOGKT(IEQU(I)))

CCNTINUE

CALCULATION OF ANALYZED MOLALITY
IF (FLAG.NE.1) GO To 270

DC 260 I=140D
CUNITS(I)=CUNITS(I)®#GFW(I)/V(T)
CCNTINUE

FLAG=2

CCNTINUE

IF (FLAGJ.NEe2) GO TO 290

DC 280 I=14D

CUNITS(I)=CUNITS(I)/DENS

CCNTINUE

FLAG=3

CCNTINUE

IF (FLAGJNE.3) GO TO 320

cl=0.0

DC 300 I=1,40

Cl=C1+CUNITS(I)

CCNTINUE

DC 310 I=1,D

ClSAVE=Cl
MI(I)=(CUNITS(I)/(l.OE#OB*GFU(I)))'(l.O/(l.O-l.OE-OG'Cl))
IF (MI(I)eGTe0e0) XLMI(I)=ALOGLlO(MI(I))
GRAMS (I)=CUNITS(I)®DENS

CCNTINUE

GO TO 350

CCNTINUE

Cl=0,0

IF (FLAGJ.NE.4) GO TO 480

DC 330 I=1.0

MI(I)=CUNITS(I)
Cl=CleMI(I)%GFW(1)%#]1000,/DENS

IF (MI(I)eGTa0e0) XLMI(I)=ALOGLO(MI(I))
CCNTINUE

C1SAVE=C1
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1360
1400
1410
1420
1430
1440
1450
14€0
1470
14€0
1450
1500
1510
1520
1530
1540
1580
15€0
1570
1580
1660
1600
1610
1620
1620
1640
1650
16€0
1670
1680
1650
1700
1710
17¢0
1730
1740
1750
17¢€0
1770
17€0
1760
1800
1810
1820
18320
1840
18€0
18€0
1870
1880
18S0
1900
1910
1620
1930
1940
19€0
19¢€0
1970
1680
1960



o000

(e NeNel

340
350

3€0

370
3€0

360
400

410
420

430

440

450

DC 340 I=1.D
GRAMS(I)=MI(I)®*1000,%GFu(])*DENS#(1,0=1,0E=06*C]1SAVE)
CCNTINUE
CCNTINUE

TCS=0.0

DC 360 I=1+D
ANALMI(I) =MI(])
TCS=TDS+GRAMS (1)
CCNTINUE
EFMCAT=0,0
EPMAN=0,0

CALCULATION OF CATION~ANION BALANCE
NC 380 I=1,4D

IF (Z(1).6T.0) GO TO 370
EFMANSEPMAN=Z(]1)®VM]I(1)

GC T0 380

EFMCAT=EPMCAT«Z (1)®MI(I)

CCNTINUE

EFMCAT=EPMCAT®1000.
EFMANSEPMAN®]1000.

CALCULATION OF EM FROM FIELD DATA
IF (EHM.LT,9,0) GC TO 420

IF (EMFZ.GT.9.0) GO TO 390
Cl=0,429+2.4E=032(25,0=TEMP) =EMFZ
GC T0 400
C1l=0e244+8,6E=04%(25,0«TEMP)
CCNTINUE

IF (EHMC,LT,9,0) GO TO 410

GC TO 420

ErMgEHMC+C]

CCNTINUE

PEEF=EHM/ (CR®R®*T/F)

IF (PECALC.EQ,0) FE=100.

IF (EHM.GE.9.0) PEEW=100,

PRINT 560

PRINT 670

PRINT 680¢ TEVMPeProEPMCATSEPMAN
PRINT 690¢ DOXeEMNCIENFZIEHMIPEEH
IF (PECALC.EQel) FE=PEER

PRINT 560

PRINTY 700

DC 430 I=le22

IF (MI(INPT(I))eLEsD.0) GO TO 430

PRINT 7109 NSPECUINPT(I))eZ(INPT(IV)oMICINPT(I)) 9 XLMICINPT(1))+GRA

IMS (INPT (1))
CCNTINUE
PRINT S60
PRINT 560
IF (PRT(2)sNE,0) GO TO 440
PRINT 560
PRINT 720
CCNTINUE
IF (IGO0.EQ.1) GO TO 450
IF (PHelTe3e0.0RePHoGT,1140) GO TO 490
DUM= ( (EPMCAT~EPMAN) / (1. +EPMCAT+EPMAN) )*100,
IF (ABS(DUM).GT.30.) 60 TO 490
CONTINUE
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2000
2010
2020
2030
2040
2050
20€0
2070

eneo

20so
2100
2110
2120
2130
2140
2150
21€0
2170
2180
2150
2200
2210
2220
2230
2240
22%0
22€0
22170
2280
2260
2300
2310
230
2330
2340
2350
23€0
23790
2380
2390
2400
2410
2420
2430
2440
2450
24€0
2470
2480
2450
2500
2510
2520
2530
2540
2550
25€0
2570
2580
2550
2600



OO0

TEMPERATURE EFFECTS ON DEBYE=HUCKEL SOLVENT CONSTANTS
S1=2374,11=-TEMP
§2=S5]1%40,333333
S3=SAURT((1e0¢001342489%#52=3,946263E~034S1)/(3,1975E0~+3151548E0%#S2
1214203374E~3%S1+7,48908E=134S5]%44))
IF (TeLTe373.16) GO TO 460
Cl1=S321E0/T+233,TCEO=T# (T® (8+292E=T#T=1+417E=23) ++9297E0)
GC TO 470
4€0 Cl=87.74E0=TEMP®* (TEMP® (] ,4]1E=6%TEMP=9,398E=4)+.4008E0)
470 CCNTIMUE
Cl=SQRT(C1*T)
A218246.0E02953/C1%e3
R=50,29%S3/C1
GC TO 500
480 PRINT 730
1CK=1
6C T0 500
4S0 PRINT SS0
ICk=]
S00 CCNTINUE
RETLRN

510 FCRMAT (//9+15Xet0an DENCTES THAT AN ANALYTICAL EXPRESSION FQOR KT M
1AS BEEN USED'9////7+20Xs *SUMMARY QOF ANALYTICAL EXPRESSIONS OF THE F
2ORM  LOG K = ACBRTeC/TeDRTouReE/TUR2v///423X 0] NREACT A
3 B (o D g£Y/)

S20 FCRMAT (22X91392X9A893(1XsFlle4)92(1Xe1PEL11.4))

§30 FCRMAT (1€15)

540 FCRMAT (/910Xy *WARNING=== [NPUT ERRORes SEARCHING FOR BLANK CARD?')

550 FCRMAT (/s10Xs "WARNING===CHECK INPUT PH AND/OR CATION=-ANION BALANC
1E +eeCALCULATION TERMINATED")

S€E0 FCRMAT (/7)

S70 FCRMAT (S(F6,091X)92F5,001X9911+213)

S80 FCRNMAT (//+60Xstewaaty /960X 'DATAY 1/ 160Xy tmecaty//9]18Xe? 192Xy 'ARE
1ACT 99X o 'DH? 98Xe 'LOGKTO? 937X 092Ky *NSPECY96X91Z" 92X 'CHA? 96X ¢ 'GF
2W'y/)

S5S0 FCRMAT (1H 915X9T1392X9sA892(2XeF10e4)9A1933X9I302X9ABe2Xel292XsF3e]
192X9Fl044)

600 FCRMAT (1H 91SX91392X9A892(2X9eF10e4)9A))

610 FCRMAT (1K1 (5Xe20A64)9//)

620 FCRMAT (6(E12.5)98X)

630 FCRMAT (A4+1X9S5(13¢E12.5))

640 FCRMAT (SXe'NEW DATA #ao# DELTA M FOR REACTICN ",I391X9A8y' HAS BEE
IN CHANGED TO '¢FG.4%)

650 FCRVMAT (SXe'NEW DATA ®##a8 LOGKTO FOR REACTICN '3I341X9A8s?' HAS BEE
IN CHANGED TO '9FG.4)

660 FCRVMAT (SXe'NEWw DATA @@« LOGKT FOR REACTICN '4I351X9A8s" = ,1PE
11106400 0E110490? 0Tt 0E)11e40"/Tot9El]edyt0TRR2410,E]1],4018TH821)

670 FORMAT (S7X¢lewmecccncncnccaat 1/ 3STXe ' INITIAL SOLUTION'¢/957X9 V==
lecnecccccnans=ty///)

680 FORMAT (1SXs'TEMPERATURE = v9F6,2¢"' DEGREES C PH = "9F6,3¢"
1ANALYTICAL EPMCAT = *4F8,391 ANALYTICAL EPMAN = '"4F8,39/7)

650 FCRMAT (Sxeteases OXIDATION = REDUCTICN ae#ane,///,11Xe'DISSOLVED
1OXYGEN = " 4yF6,39" MG/L'9/911Xe'EH MEASURED WITH CALOMEL = 19F7,4.!
2 VOLTS'9/911X9*MEASURED EH OF ZOBELL SOLUTION = '"eF7,49" VOLTS'e/
311Xe'CORRECTED EHN = t9FT7449" VOLTS'4/911Xs'PE COMPUTED FROM CORREC
4TED v = '9FT7434¢/)

TO0 FCRMET '40Xe'##® TOTAL CONCENTRATIONS OF INPUT SPECIES #u#1,//,50X
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2610
2620
2630
2640
2650
26€0
26170
2680
26S0
2700
2710
27¢0
2730
2740
27%0
27€0
2710
2780
2750
2800
2810
2820
2830
2840
28%0
28€0
2870
2880
2850
2900
2910
2920
2930
2940
290
29€0
29170
2980
2950
3000
3010
3020
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3140
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31€0
3170
3180
3160
3200
3210



OO0

o000

19 TOTAL® +13X01LOG TOTAL®+12Xe ?TOTAL? s/ 033X SPECIES? 18Xy tMOLALTTY?
2012X¢ "MOLALITY 911X s 'MG/LITRE ' ¢/933X¢ mbmmment g@Xslmmmananaty]2Xe?
3--------'.11x.'--------'./’

710 FORMAT (1H 932XeABeI1393X01PE13.698BXs0PF9,498X0]1PE]13,6)

720 FCRMAT (50Xer@ae CONVERGENCE ITERATIONS @uat,//,16Xs*ITERATION? 44X
1e9S1=ANALCOI 96Xy ?1S2=S04TOT"9BXe?S3=FTOT*99X9 ?S4=PTOT'e9Xy*S5=CLTO
eT19/)

730 FCRMAT (10Xs'INPUT ERROR===UNITS OF CONCENTRATICN ARE NOT KNOWN?e/
177)

END

SURROUTINE SET

INTEGER DsE+DCIRBIT4CORALKSZ (120) ¢+WORDsCARD(6) oFLAGIPRT (4) #SIGN(2)

INTEGER PECALCPECK

DIMENSION INT(S)s VAL(S)s INPT(22)s GRAMS(120)s IEQU(S0)e COEF (542
100)

REAL MI(120)¢KT(200)¢LOGKT(200)9LOGKTO(200) sMATOTsLH209MUINATOT4KT
10T oPGTOToLITOToNH4ATOT oKW

REAL ®BNSPEC(120) ¢+NREACT(200)

CCMNON MIoKToLOGKToLOGKTOsKWoDsEsDDsCorRoToF o TEMPoAsBsPE2PES,PEDCP
1ESATOIPECKIPECALCoPHoTENMPE s TENPHoALFA(120) ¢GAMMA(120) 9AP(200) o XL A
2LFA(120)92+CUNITS(120) 9 ANALMI(120) oNSPECIAREACT+GFW(120)¢DHA(120)
3D (200) 9y AH20sLH209EROR]1 yEROR2yERORIHYERORL yERORS yEHM9DENS s DOX o XLMI (
4120) o ITERYRBIT9CISAVEsCORALK s MU LCHEK (200) eCOZTIToANALCO9SITOToCAT
SOT+MGTOTWKTOTINATCT9SOGTOTHIFETOT+PTOToALTOToFTOTBTOTeLITOTyNH4GTOT
69SRTOT+BATOTeCLTOToMNTOToICKsPRTeTITL (20) ¢EPMCAToEPMANINEQU ISPECH
TKSPEC(120) o IMINJKNIN(200) 2 TDSoIDAVESsIPRT

INITIALIZE STARTIANG VALULES FOR ITERATIVE LOCP
AF2C=1,0
DC 10 I=1+D
GAMMA(I)=1.0

10 CCNTINUE
CC2TIT=MI(T)+2.0®*v](18)
ANALCO=COZ2TIT
IF (CORALK.EG,2) CO2TIT=MI(7)eMI(18)+M](86)
SITQT=MI (35)
CATOT=MI(1)
METOT=MI (2)
NATOT=MI(3)
KTOT=M]I(4)
SC4TO0T=M] (6)
FETCT=MI(8)
PTQOT=M] (45)
PIONIC=PTOT
ALTOT=MI(51)
FTOoT=M]I(62)
BRTOT=MI(87)
LITCT=MI(81)
NF&TOT=MI (39)
SRTOT=M] (88)
BATQT=MI(90)
CLTOT=MI(S)
MATOT=MI(101)
MI(35)=0,0
MI(87)=0,0
TENPH=10,%*PH
ALFA(64)=10,%¢ (=PH)

CALCULATION OF ANION ACTIVITIES EXCEPT C02 AND P04 SPECIES
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3220
3230
3240
3250
32¢0
3270
37280
3260
3300
3310-

400
410
420
430
440
450
460
470
480
490
500
510
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c

20

30

ALFA(S)=MI (5)85AMMA (S5)
ALFA(6)SMI (6)%GAMNA (6)
ALFA(62)=M1(62)*GAMMA (62)
ALFA(8S)=MI(85)#*GAMMA (85)
ALFA(98)=M1(98)%GAMMA (58)
ALFA(27)=AH209KW* TENPH
MI(27)=ALFA(27)/GAMMA(2T)
#1(64)=)E0/ (TENPHRGAMMA (64))
ALFA(63)=ALFA(6)%KT (90)/TENPH
MI(63)=ALFA(63)/GAMMA (63)

€C2 SPECIES

IF (CORALK.EG.2) GO TO 20
Cl=2,0*TENPH/ (GAMMA (18) #*KT (69))
MI(7)=CO2TIT/(1.+CAMMA (T)*C])

C2=KT(36)/ (TENPHSCAMMA (86))
ALFA(T)=MI(7)%GAMMA(7)

MI(18)=C1®ALFA(T) /2,

MI(86)=C2%ALFA(T)

ALFA(18)=M1(18)®GAMMA (18)
ALFA(86)=M](8E)#GAMMA (86)

GC T0O 30

CCNTINUE

M1(7)=CO2TIT/(1.0+GAMMA(T)# ((KT(36)/(TENPHOGAMMA (B6))) +TENPR/ (KT (6
19) #*GAMMA (18))))
MI(18)=MI(T)%GAMMA(T)STENPH/ (GAMMA (18) #KT (65))
MI(86)=MI(T)@GAMMA (T)®KT (36)/ (TENPHeGAMMA (86) )
ALFA(7)=MI(7)9GAMMA(T)
ALFA(18)=MI(18)%GAMMA(18)
ALFA(86)=M](86)9GAMMA (B6)

CCNTINUE

PFROSPHATE SPECIES

MI(4S)=PTOT/(1e+(KT(17)%GAMMA(45)/ (GAMMA (4B)STENPH®#2) )+ (KT(16)#GA
IMMA(4S) / (TENPHSGAMMA(47))))

ALFA(45)=N](4S) #GAMMA (45)

ALFA(47)=KT(16)%ALFA(45)/TENPH

MI(47)=ALFA(4T)/GAMMA(4LT)

ALFA(48)=KT(17)®ALFA(45)/(TENPH##2)

Ml (48)=ALFA(48) /GAMMA (48)

ITER=0

RETURN

END

SUBROUTINE MOCEL

INTEGER DeEsDDsRBITeCORALKeZ (120) sLIST(8)4LISTI(S)¢LIST2(18)9LISTI
1(€)4PRT(4) sPECALCJIPECK

REAL MI(120)¢KT(200)+LOGKT(200) +LLOGKTO(200) sMNTOToLH209MUsNATCT KT
JOToMGTOT oLITOToNHGTOTeKWeMUHALF

REAL %BNSPEC(120) +NREACT (200)

DIMENSION NPAIR(S)s LIM(9)s L1IK(9)e L1C(9)e L1A(9) e LIALK(9)s LZM(
113)e L2K(13) s L2C(13)y L3M(T7)e L3K(T)e LIC(7)9 L&M(14)s L4K(14)s L
24C(14) 9 LGA(14) 9 LSM(9)e L5K(S)y LSCI(S)

CCMMON MIsKToLOGKToLOGKTOWKWIDGEsDD9CoRsToF s TEMP3sA9BoPESPESIPEDCP
1ESATOWPECKsPECALCoPHeTENMPE s TENPH ALFA(120) 9GAMMA(120) 9AP(200) 9 XL A
2LFA(120)9Z9CUNITS(120) s ANALMI(120) yNSPECINREACTsGFW(120)DHA(120)
3DH(200) s AH20¢LHZ0+EROR] ¢EROR2+ERORIVERORG +ERORS9EHMeDENS ¢DOX o XLMT (
4120) 9 ITER4RBITeC1SAVEsCORALK¢MUSLCHEK (200) sCO2TITeANALCOSSITOTWCAY
50T «MGTOToeKTOTeNATCT9SCLTOTOFETOToPTOToALTOToFTOToBTOToLITOT NKHSGTOT
CeSRTDT#BATOTSCLTOToMNTOT 9y ICKsPRTSTITL (20) +EPMCAT)EPMANINEQU s ISPECY
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520
530

540

580
S5¢€0
510
5€0
550
600
610
620
630
640
650
6€0.
670
680
650
700
710
720
730
T40
750
760
770
780
760
a00
810
R20
830
840
850
8€0
a7o0
ago
8s0
500
910
820
930
940
950
9€0~
10
0
30
40
€0
€0
70
o
S0
100
110
120
130
140
180
1€0
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10

30
40

TKSPEC(120) s IMINJKMIN(200) o TOSoIDAVESsIPRT
DATA LIST/17+35+6€970971972484+87/
DATA LIST1/42443144450494/

DATA LIST2/899910011912913915015928+33934965+77978+79480+100+99/

DATA LIST3/82+83+884894+50+91/

DATA L1M/T+21922420931942¢6398691121/79L1K/699T4375¢T7847997097143641
167/9L1C/76492+29191930396449101/9L1A/1891897970184189797s7/9L1ALK/Y.
209260916090160024092,0910090609140/9L.2M/15923932¢34944+46459960463
3R3¢9921969109/9L2K/59T7692499972973988+8995001279132+1369165/,L2C/8»
4291989394951 9519649819359649101/9L3M/20955+56957¢5891108949/,L3K/23
S9869854869879164980/¢L3C/2951951951951910191/40L6M/13040441947048,45
600619659730 T7497597€69999100/9L4K/14001269125016917¢319339121034+35,
T122912391579139/79L4C/B92+12066966039698020191919898/79L4AZ4T945+4844
85045947 94T94Br47967 9459489489467/ 9L5M/1602R9339939946495491039104+105
S/9sLSK/69T798913391365135915991605161/9L5C/898+896493940101,1015101/

SINPAIR/9913979144S/
ITER=]TERe]

CALCULATION OF TOTAL MOLALITY AND AH20
J=1

Cl:0.0

DC 20 I=1.D

IF (I.EQ.LIST(J)) GG TO 10
Cl=CleMI(I)

GC 70 20

JesJel

CCNTINUE

AF2C=],0-0.017%C1
LF2C=AL0G10(AF20)

IF (DOX,GT40.0) PEDO==~(ALOG1O(KT(152)) ¢PH+0.5#L H20~-0,25%AL0G10(COX

1/32E3))

IF (DOXeGTe0o,0) PESATO==(ALOGLO(KT(137))+PH+0,5¢LH20-0,25#AL0G10(D

10x/32E3))
IF (PECALC.EQ.,2) FE=PEDC
IF (PECALC.EG.3) PE=PESATO

CALCULATION OF ACTIVITY COEFFICIENTS

ML=0,0

J=1

DC 40 I=1+D

IF (1.EQ,LIST(J)) GO TO 30

MUMUD ,SOMI(1)2Z(1)®Z(])

GC T0 40

J=Jel

CCNTINUE

MUHALF=SQRT (ML)

Cl==AR4EO®MUHALF
GAMMA(1)=1E]1%8(Cl1/(1EQ+BR®SEO*MURALF)+0,165%NMY)
GAMMA(2)=]1E198(C1/(1EQ+B®S ,S¥MUHALF) +0,2%MU)
GAMMA(I)=1E1*8 (=A®MUHALF7 (1E0+B24EO0*MUHALF) «0,075%MVU)
GAMMA(4)=]1E]1% (=APMUHALF/ (1E0+B#3,5%MUHALF) +0,0])15%MU)
GAMMA (S) =GAMMA (4)

GAMMA(6)=1E1#% (Cl/(1ED+BYSEQO*MUHALF)=0,04%MY)

DC 60 I=8+D

IF (Z(1).,EQ.0) GO TO S0

IF (IDAVES.EQ.1) GAMMA(I)=1E1®#® ((=A®Z(])®a28MUHALF)/(1,0+¢MUHALF)=0

1,3%MY)
IF (IDAVES.EQ,1) GO TO 60

GAMMA(I)=1E1#® (~AWMUHALFSZ (1)®##2/ (1E0+DHA (1) #B#*MUHALF))
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170
10
160
200
210
2c0
230
740
2%0
2€0
270
280
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300
310
320
330
340
30
36

370
3a0
350
400
410
420
430
440
450
460
470
480
450
S00
510
520
530
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SS0
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570
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560
600
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630
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740
750
T€0
7170
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€0
€0

70 PES=04125%AL0GI0(KT(91))+40,125%ALO610(ALFA(6))=]425#PH=0,1254ALCG1

€0

S0
100

GC T0 60
GAMMA(I)=]10,%%(0,])%vMU)
CCNTINUE

GAMMA(T)=]1EL1#® («ASMUHALF#Z (7) %92/ (1E0+DHA (7) *B4MUHALF))
GAMMA (18)=1E1#* («~A®MUHALF®2 (18)#«2/(1E0+DHA (]18) *B*MUHALF))
GAMMA(B6)Z1EL1®® (ML®(1T70,01/T=e8T798+,00135354T) «MUSMU® (28,81/T=,210

18+,0003641%T))

SLLFUR SPECIES ANC PE CALCULATION ¥FROM S

ClaKT (92)*TENFH/GAMMA(67)

CZaKT(92) *KT(SI)#TENPH##2/GAMMA (68)
MI(14)3MI(17)/(1EQ0+GAMMA(]4)*(C1+C2))
ALFA(14)=M]I(14)%GAMMA(14)
ALFA(1T)=MI(17)%GAMMA(L1T)
MI(6T)3ALFA(14)%C]
MI(6B)=ALFA(14)%CZ
ALFA(6T)=MI(67)%GAMMA(6T)
ALFA(68)=M] (68)#GAMMA (68)
Cl=ALFA(6)*ALFA(]14)

IF (Cl1.6GT,0,0) GO TO 70

GC T0 80

10(ALFA(14))=0,5%_F20
IF (PECALC.EQ.4) FE=PES
CCNTINUE

IF (PECALC.EQeD,0,0R,PE+GE,100.) &0 TO S0

TENVPE=10.4% (=PE)
GC T0 100
TENVMPE=10,%% (=30)
CCNTINUE

SILICA SPECIES
ClaKT(14)*TENPH/GAMMA (25)
C2=KT(1S)#TENPH®#Z2 /GAMMA (26)
MI(24)=SITOT/(1.,0+GAMMA(24)0(Cl+C2))
ALFA(24)=N](24)%CAMMA(24)
MI(25)=ALFA(24)%C]
MI(26)=ALFA(24)%C2
ALFA(25)=MI(25)#GAMMA (25)
ALFA(26)=M](26)9GAMMA(26)

RCRON SPECIES

Cl=GAMMA (36)*KT (2€)*TENPH/GAMMA (3T}
MI(36)=BTO0T/(1.0+C1)
MI(37)=CleM] (36)
ALFA(3€)=M](36)%GAMMA (36)
ALFA(37)=MI(37)2GAMMA(37)

NITROGEN SPECIES
CI=TENPH®KT (27) /GAMMA (38)
CZ=ALFA(6)®KT (132)/GAMMA(52)
MI(39)=NH4TOT/(1E0+GAMMA (39)#%(C1+C2))
ALFA(39)=M](39)9GAMMA (39)
MI(38)=ALFA(3G)eC]
ALFA(38B)=M](38)%GAMMA (38)
MI(S2)=ALFA(39)4C2

ALFA (S2)=MI{92) #GAMMA (92)
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780
780
800
810
R20
830
840
8BS0
8€0
aro
8go
aso
900
sSi0
920
930
940
950
9€0
970
980
990
1000
1010
1020
1030
1040
1050
10€0
1070
1080
10S0
1100
1110
1120
1130
1140
1150
11€0
1170
1180
1160
1200
1210
1220
1230
1240
1250
12€0
1270
1280
1250
1300
1310
1320
1330
1340
1350
1360
1370
1380
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MAGNESTUM SPECIES
MI(19)=2ALFA(27)#KT (25) /GAMMA (19)
MI(20)=ALFA(62)*KT (23) /GAMMA (20)
MI(2))=ALFA(18) *KT (74) /GAMMA (21)
MI(22)=ALFA(T)*KT (75) /GAMMA (22)
MI1(23)=ALFA(6)*KT(76) /GAMMA (23)
M1(40)=ALFA(45) KT (124) /GAMMA (40)
MI(41)=ALFA(48)#KT (125) /GAMMA (41)
MI(73)=ALFA(47)%KT (34)/GAMMA (73)
MI(2)=MGTOT/ (140+GAMMA (2)% (MI(19) +MI(20) oM (21) +MI(22) ¢MT(23) ¢MT (4
10)+MI1(41)eMI(73)))
ALFA(2)=MI(2) 9GAMMA (2)

Cl=ALFA(2)

DC 110 I=19+23

MI(I)=CleMI(])
ALFA(I)=MI(1)#GAMMA (1)

CCNTINUE

MI(40)=C1#M] (40)
BLFA(40)=MT(40) *GAMMA (40)
MI(41)=2C1%MI(41])

ALFA(41)=MT (41)%GAMMA(4])
MI(73)=C1#MI(73)
ALFA(73)=M1(73) #GAMMA (73)

CALCIUM SPECIES
MI(29)=ALFA(27)4KT(77)/GAMMA(29)
MI(30)=ALFA(7)®KT(78)/GAMMA (30)
MI(31)=ALFA(]18)4KT(79)/GAMMA(3])
MI(32)=ALFA(6)*KT (24)/GAMMA(32)
MI(74)=ALFA(47)®KT (35)/CAMMA(T4)
MI(T76)=ALFA(48)*KT(123)/GAMMA(T6)
MI(75)=ALFA(4S)*KT(122)/GAMMA(TS5)
MI(49)=ALFA(62)4KT(80)/CAMMA (49)
MI(1l)=CATOT/(1e0+GAMMA(1)®(MI(29)+MI(30)eNMI(3])+MI(32)eM](T4)eMI(T
15) +MI(76) +M]I(49)))
Cl=MI(1)®*GAMMA(])

ALFA(1)=Cl

DC 120 1=29,32

MICI)=CleMI(])
ALFA(I)=MI(1)*GAaMMA(])

CCNTINUE

MI(T4)=CleMI(T4)
ALFA(T4)=MI(T4)*GAMMA(TS)
MI(75)=C1l#M1(75)
ALFA(T5)=VMI(7S)#GAMMA(TS)
MI(76)=CleMI(76)
ALFA(T6)=MI(TE)*GAMMA(T6)
MI(49)=C1%M]I (49)
ALFA(49)=MI(4S)#GAMMA (46G)

SODIUM SPECIES

MI(42)=ALFA(18)4KT(70)/GAMMA(42)
MI(43)=ALFA(T)®KT(T1)/GAMMA(43)

MI(44)=ALFA(6)*KT(T2)/GAMMA (44)
MI(50)=ALFA(47)%KT(31)/GAMMA(50)
MI(94)=ALFA(S)*KT(134)/GAMMA(94)
MI(3)=NATOT/(1+04GAMMA(I)*(M]I(42)oMI(43)+MT(44)eMI(S0)+MI(94)))
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130

140

150

ALFA(3)=MI(3) *GAMMA(I)

Cl=ALFA(])

DC 130 I=1+5

MI(LISTYI(I))=Cl#MI(LISTI(I))
ALFA(LISTI(I))=SMI(LIST1(]))*GAMMA(LISTI(I))
CCNTINUE

PCTASSIUM SPECIES
MI(46)2ALFA(6)*KT (73)/GAMMA (46)
MI(61)=ALFA(4T)#KT (33) /CGAVMMA(61)
MI(9S)=ALFA(S)*KT (135) /GAMMA (95)
MI(4)ZKTOT/(1o0¢GAMMA (4)# (MI(46) +MI(61)+MI(95)))
ALFA(4)ZMI(4)RGAMMA (4)
Cl=ALFA(4)

MI(46)=CleMI (46)
ALFA(46)=MT (46) #GAMMA (46)
MI(61)2C1*MI(61)
ALFA(61)=MI(61)#GAMMA (61)
MI(95)=C1%MI(§5)
ALFA(95) =M1 (SS)*GAMMA (S5)

ALUMINIUM SPECIES
MI(52)=ALFA(27)*KT (R]1)/CAMMA(52)
MI(S3)=ALFA(2T7)#e2aKT (82)/GAMMA (53)
MI(S4)=ALFA(27)%%4%KT (83)/GAMMA (54)
MI(SS)=ALFA(62)®KT(B4) /GAMMA (55)
MI(S6)=ALFA(62)%4Z8KT (85)/GAMMA (56)
MI(ST)=ALFA(62)%#38KT (R6)/GAMMA(ST)
MI(58)=ALFA(62)9#45KT(R7)/GAMMA (58)
MI(S9)=ALFA(6)*KT(88)/GAMMA (59)
MI(60)=ALFA(G)®#®24KT (89)/GAMMA(60)

MI(S1)=SALTOT/ (1 0+GAMMA(S]) ®#(MI(S2)eMI(S53)+MI(54)¢MI(55)+M]I(56)+M]

L(ST)+MI(SB) +MI(59)+M](60)))
ALFA(S51)=M]I(5]1)%GAMMA(S])
Cl=ALFA(S])

DC 140 I=52+60
MI(I)=CleMI(])
ALFA(I)=MI(I)*GAMNA(T)
CCNTINUE

IRON SPECIES

IF (ABS(PE) L Te20.0.ANDFETOT,GT40.0) GO TO 150
GC 10 170

MI(S)=KT(1)/(TENMNPESGAMMA(S))
MI(10)=KT(2)%AH2C#TENPH/ (TENMPE®GAMMA (10))
MI(11)=KT(3)“AH20#TENPH/GAMMA(1])

MI(12)=KT (4)#AHZ20##3RTENPH®®3/GAMMA(12)
MI(13)=KT(140)®%ALFA(47)/ (GAMMA(13)4TENMPE)
MI(15)=KT(S)%ALFA(6)/(TENMPE#GAMMA(15))
MI(16)=KT(6)*ALFA(S)/ (TENMPE®GAMMA(16))
MI(28)=KT(T7)®ALFA(S)#%2/(TENMPE®GAMMA (28))
MI(33)=KT(BI®ALFA(S)#43/ (TENMPE®GAMMA (33))
MI(34)=KT(9)®ALFA(6)/GAVMMA(34)
MI(65)=KT(121)%ALFA(48)/GAMMA (65)
MI(TT7)=KT(103)%(AF20¢TENPH)«#2/ (TENMPE®GANMA(TT))
MI(T8)=KT(104)%(AF204TENPH) ®#83/ (TENMPE®GAMNMA(T78))
MI(79)=KT(105)% (AF204TENPH) %84/ (TENMPE®GAMMA(T9))
M1(80)=KT(106)%(AF20*TENPH)#®#2/GAMMA(B0)
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1€0
170

180

160

200

210

220

230

240
250
260

MI(99)=KT(157)%ALFA(48)/ (TENMPE#GAMMA (99))
MI(100)=KT(13S)®ALFA(4T)/GAMMA(]100)

MI(8)3FETOT/ (1.0+CAMMA(E)@(MI(S)+MI(10)+MEI(L1)eNI(12)+MI(13)+¥MI(15
1)eMI(16)+MI(28) +MT(33) NI (34)+MI(65)+MI(TT)eMI(TB)+MI(TS)+MI(80) ¢M

21(100)+MI(99)))
ALFA(8)=M](8)%Gamyra (8)
Cl=ALFA(8)
DC 160 I=2s18
MI(LIST2(I))=ClaMI(LIST2(1))
ALFA(LIST2(1))=MI(LIST2(I))*GAMMA(LIST2(I))
CCNTINUE
G0 10 190
CCNTINUE
DC 180 I=2,18
MI(LIST2(I))=0.0
CCNTINUE
ALFA(8)=MI (8)*GAMMA (8)
CCNTINUE

MANGANESE SPECIES

IF (ABS(PE)eLT420,0,ANDMNTOT.GT,0.0) GO TO 200
GO T0 240

MI(102)=KT(158)/ (GAMMA(102) *TENMPE)
MI(103)=KT(15G)%M] (S5)*GAMMA (5) /GAMMA (103)
MI(104)=KT(160)#M](S)REZHGAMMA (5)#82/GAMMA(]1064)
MI(105)=KT(16]1)#M](5)aw38GAMMA (S5)##3/GAMMA(]105)
MI(106)=KT(162)#NMI(2T)Y#CAMMA(27)/GAMMA(]10¢)
MI(107)=KT(163)#NI(27)a234GAMMA(27)#23/GAMMA(107)
MI(108)=KT(164)9NM](62) *CAMMA(62)/GAMMA(]108)
MI(109)=KT(165) %M1 (6)%GAMMA(6) /GAMMA(109)
MI(110)=KT(1l6€E)#MN] (BS) #u28GAMMA (BS) ##2/GAMMA(]1]10)
MI(111)=KT(16T7)#MI(T)RGAMMA(T)/GAMMA(]1]11)
XM1112=LOGKT (168)+4#LH2C~(ALOG10(GAMMA(]112))-8%PH=5%PE)
IF (XMI112.LT,=50,) MI(112)=0.0

IF (XVMI112.LT.=50.) GO TO 210
MI(112)=10.%#xM]]12

CCNTINUE

XNI113=LOGKT (169)+4 % H2C~(ALOG10(GAMMA(113))~8#PH=4*PE)
IF (XMI113.LTe=50s) MI(113)=0,0

IF (XMI1]13.LT.=50.,) GO TO 220
MI(113)=10.%#XxMI113

CCNTINUE
MI(115)=KT(171)%AF20%92/ (GAMMA (115)%ALFA(64)%#3)

MI(101)=MNTOT/(1,0+GAMMA(10])*(MI(102)eNMI(103)+MI(104)+MI(105)MI(
1106)¢MI(107)+MI(108)+MI(109)¢MI(110)+MI(1]11)eMI(112)+MI(113)MI(]]

25)))
ALFA(101)=MI(101)%#GAMMA(10])
Cl=ALFA(]101)

NC 230 I1=102+113
MI(I)=CleMI(])
ALFA(1)=MI(1)#GAMMAL(I)
CCNTINUE
MI(115)=C1#*MI(1]15)
ALFA(115)=MI(115)%#GAMMA(115)
60 70 260

DC 250 I=101,113
MI(I)=0.0

CCNTINUE

MI(115)=2040

CCNTINUE
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3170
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310
3200
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o000

000

270
280

2%0

300

310

330

340

CALCULATION OF P02 AND PChH4

IF (ABS(PE).,LT,19.0) GO TO 270

GC TO 280

Cl=ALOGlO (KT (G4))+PH+PE+0,5%LH20
ALFA(T0)=10,%%(4,0%C1)

CCNTINUE

IF (ABS(PE)oLTe1940,ANDALFA(7)eGT.0,0) GC TO 290
6C TO 300

XLALFA(T1)=(ALOG10(KT(95) ) =8,0%PE=9,02PH=3,09LH20+ALOG10(ALFA(T7)))

IF (XLALFA(71)4LTe=78,) GO TO 300
ALFA(T1)=10.%aXLALFA(T])
CCNTINUE

LITHIUMs STRONTIUMe BARIUM SPECIES
Cl=KT(126)%ALFA(27)/GAMNA (82)
CZ=KT(12T7)®ALFA(6)/GAMMA (83)
MI(B1)=LITOT/(1.04GAMMA(BLl)®(Cle+C2})
ALFA(B1)=NM] (BI)*GAMMA(B])
#1(82)=Cl®ALFA(B])

Ml (83)=C2#ALFA(B])
Cl=KT(130)®ALFA(27)/GAMNA(B9)

M1 (B88)=SRTOT/(1.0+GAMMA (BB) #C])
M1(89)=GAMMA(BB)*NM] (88)%C]
Cl=KT(131)*ALFA(27)/GAMNMA(9])
MI(S0)=2BATOT/(1.04GAMMA(S0) *C])
MI(91)=GAMMA(SO)eNM] (90)aC]

DC 310 I=1+6
ALFA(LIST3(I))=SMI(LISTI(I))®GAMMA(LISTI(I))
CCNTINUE

513000

S2=0,0

$3=0,0

S$4=0,0

$5=0,0

ANALCO=CO2TIT

MASS BALANCE CN CARBON

IF (CO02T1T.LE.0.,0) GO TQ 370

ACT=KT (69)#ALFA(64)

SULM=0,0

SLM1=0,60

N=ENPAIR(])

DC 320 I=1eN
MIC(LIM(I))=KT(LIK(I))®ALFA(LIC(I))/GAMMA(LIN(I))
IF (L1AC(I)6EGa7) MI(LIM(IN)=MI(LIM(]))®#ACT
SUM=SUMeMI(LINM(I))
SUMI=SUMISLIALK(I)eNMI(LIM(I))
CCNTINUE

IF (CORALK<NEs2) GO TO 340
MI(18)=ANALCO/(1,0¢GAMMA (1B)®SUM)
ALFA(18)=NI(18)%GAMMA(]18)

DC 330 I=1sN
MI(LIM(I))=MI(LIM(TI))®ALFA(18)
ALFA(LIM(I))=MI(LIM{TI))®GAMMA(LIM(T))
S1=sSleMI(LIM(I))

CCNTINUE

S1=S1eMI(18)

G0 TO0 370

CCNTINUE

~42-

O00O0D0U0U00VDU0DUUOU000VO0DOVD0OOID0UVUO0UDID0TUIV00TIVOO0DDTVDIDU0ITIDOIDIDIITDOODOOD

3220
3730
3240
3250
32€0
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350

3€0

370

3e0

360

400

420

430

IF (CORALKL,EQ.,1l) GO TO 35S0

ANALCO=CO2TIT=MI(25)=2,0%MI(26)=MI(2T)=MI(3T7)=2,0#MI(45)=M](47)=M]

1(56)=M1(67)=2,04M] (68)=M](B2)
CCNTINUE

MI(18)=ANALCO/ (2.0+GAMMA(18)#SUM]Y)
ALFA(18)=M]I(18)%GAMMA(]18)

DC 360 I=14N
MI(LIM(I))=MI(LIM(I))®ALFA(LB)
ALFA(LIM(I))=NI(LIM(L))*GAMMA(LIM(]I))
S1l=S1eL]lALK(I)OMI(LIMI(I))

CCNTINUE

S1=S1+2,08M1(18)

CCNTINUE

MASS BALANCE ON SULLFATE

IF (SO4TOTL.LE.0.0) GO TO 410
N=NPAIR(2)

DC 380 I=1.N

MI(L2M(I))=KT(L2K(1))®ALFA(L2C(I))/GAMMA(L2V(]))

CCNTINUE

MI(1S)=MI(15)/TENVMPE
MI(60)=MI(60)%ALFA(6)
MI(96)=MI(96)#ALFA(64)
SLM=MI(60)

DC 390 I=1¢N
SULmz=SUMeMI (L2NM (1))

CCNTINUE

VI (6)=S04TOT/(1.0¢GAMMA (6)#SUM)
ALFA(6)=M] (6)#GAMMA (6)

DC 400 I=1¢N
MI(L2M(T))=MI(L2M(I))®ALFAL(6)
ALFA(LM(I))=MI(LEM(]I) ) *GAMMA(L2M(]))
SZ2=S2eMI(L2M(1))

CCNTINUE

SZ2=S2+MI(6)eM1(60)

CCNTINUE

MASS BALANCE CN FLUORIDE

TF (FTOT.LE«0,0) GO TO 450
N=NPAIRI(3)

DC 420 I=14N

MI(LAMII) ) =KT(LIAK(I))I®ALFA(L3C(I))/GAMMA(L3VM(]))

CCNTINUE

MI(S6)=M]I(56)*ALFA(62)
MI(ST)=SMI(ST)®ALFA(62)®ALFA(62)
MI(58)=MI(58)*ALFA(62)®ALFA(62)®ALFA(62)
SLM=MI(56) +2,08NML (57)+3,0%M] (58)

DC 430 I=1sN

SLUM=SUMeMI(L3V(]))

CCNTINUE
MI(62)=FTOT/(1e0¢CAMMA(62)®SUM)
ALFA(62)=M1(62)#GAMMA (62)

DC 440 I=14N
MI(L3M(T))=MI(LIM(I))®ALFAL(62)
ALFA(L3M(I))=VMI(L3IM(I))*GAMMA(LIM(I))
S3=S3+MI(L3IM(]))

CCNTINUE
S3I=SIeMI(62) +MI(5€) ¢2,0*MI(57)¢3,09MI (58)
CCNTINUE

MASS BALANCE CN PFOSPHATE

IF (PTOT.LE.0,0) GO TO 490

N=NPAIR(4)

Cl=KT(16)%ALFA(64)
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4060
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40€0
4050
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4110
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4¢0

470

480

4S50

500

510

540

C2=KT(1T)RALFA(64)®ALFA(64)

DC 460 I=]oN
MIGLOM(I))=KT(LOK(I))®ALFA(LGC(T))/GAMMA(LAN(]))
IF (LAA(1).EQ.4T) MI(LAM(I))=MI(LAM(]I))*C]
IF (LAA(I).EQ.48) MI(L4M(I))=MI(LOM(]))*C2
CCNTINUE

MI(13)=MI(13)/TENMPE

M1 (48)=M]I (48)RALFA(64)
MI(99)=MI(99)/TEMPE

SLM=0,0

DC 470 I=1eN

SUMaSUMeMI(L4NV(]))

CCNTINUE

MI(4S)3PTOT/(1.0¢CGAMMA(45) #SUM)
ALFA(45)=M] (45) ¥GAMMA (45)

DC 480 I=1+N
MICLAM(I))=SMI(LAM(TI))®ALFA(64S)
ALFA(LGOM(I))=MI(LAM(L))2GAMMA(LGM(]))
S4=S4eMI(L4M(]))

CCNTINUE

S43S4eM] (45)

CCNTINUE

MASS BALANCE CN CHLORIDE

JF (CLTOT.LE.0.0) GO TO 530

N2NPAIR(S)

0OC S00 I=1eN
MICLSM(I))I=KT(LSK(I))®ALFA(LSC(I))/GAMMA(LSNM(I))
CCNTINUE

MI(16)=MI(16)/TENMPE
M1(28)=MI(2B)%ALFA(S)/TENMPE
MI(33)=MI(33)2ALFA(S)®ALFA(S) /TENMPE
MI(1064)=MI(104)#ALFA(S)
MI(105)=MI(105)ALFA(S)OALFA(S)
SLM=M1(28)+2,0%M] (33)eMI(104)+2,0%M](105)
DC S10 I=1leN

SUM=SUM+MI (LSNM(]))

CCNTINUE

MI(S)=CLTOT/(1e0+CGAMMA (S)#SUM)
ALFA(S)=MI(S)*GAMMA(5)

DC 520 I=1sN
MI(LSM(I))=MI(LSM(1))®ALFAL(S)
ALFA(LSM(I))=MI(LSM(]))OGAMMA(LSM(I))
SE=SS5eMI (LSM(]))

CCNTINUE
SS=SSe¢MI(5)eMI(2B)«2,0*V](33)+MI(104)+2,0%MI(105)
CCNTINUE

ALFA(BS)=M]I(BS)*GAMMA(8S)
ALFA(SB)=MI(S8)9GAMMA (98)
ALFA(27)=AH20#KWRTENPH
MI(2T7)=ALFA(27)/GAMMA(2T)
MI(64)=1E0/(TENPH#GAMMA (64))
TEST1=S1=ANALCO

TEST2=52-S04TCT

TEST3=S3=-FTOT

TEST4=S4=-PT07

TESTS=S5=CLT0T

REBIT=0

IF (S1eEQe0.04O0RANALCO.LE.Ds0) GO TO S40
IF (ABS(TEST1)eGT.EROR1®ANALCO) RBIT=1
GC 70 550

ANALCO=0,0
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580

5¢€0

570

5e0

S0

600

610

10
20

30
40

CCNTINUE

IF (S2.EQe¢0.0) GO TO S60

IF (ABS(TEST2) «GT,EROR2%S04TOT) RBIT=1
CCNTINUE

IF (S3.EQ.0.0) GO TO S70

IF (ABS(TEST3)GT.EROR3#FTOT) RBIT=]
CCNTINUE

IF (S4.EQ.0.0) GO TO SA0

IF (ABS(TEST4).GT.EROR4*PTOT) RBIT=1
CCNTINUE

IF (SS.EQ,0.0) GO TO 590

IF (ABS(TESTS)«GT.ERORS#CLTOT) RBIT=]
CCNTINUE

IF (PRT(2).NE.0) GO TO 600

PRINT 610y ITERsTEST1sTEST2+sTESTISTEST4HTESTS
CCNTINUE

RETURN

FCRNMAT (1H o19XeI39S5X9S(1PEYIe6+3X))

END

SLBROUTINE PRINT

INTEGER DeEsDCoRBIToCORALKSZ(120)9LIST4(104)9LISTS(B)sPRT(4)

INTEGER PECALCIPECK

REAL MI(120)9KT(200) ¢LOGKT (200) +LOGKTO(200) sMNTOTsLH204MUsNATOT KT
10T oMGTOToLITOToNHGTOToKWwsRATIO)(10) sRATIC2(10) sRATIC3(8B) 9 XLGAM(120
2)

REAL *BNSPEC(120) +NREACT (200)

CCMMON MToKToLOGKT o LOGKTOsKWoDsE+sODsCsRsToFosTEMPoAsBIPEIPESIPEDCHP
1ESATOIPECKIPECALCsPHeTENMPE ¢y TENPHsALFA(120) sGAMMA(120) sAP(200) o XLA
SLFA(120) oZ+sCUNITS(120) s ANALMI(120) ¢NSPECINREACT+GFW(120)+sDHA(120)
30K (200) s AH209LH20EROR) yEROR2sERORIIERORG JERORS ¢EHMeDENS s DOX o XLMI (
4120) s ITERIRBITIC1ISAVEsCCRALKsMUSLCHEK(200) sCO2TIToANALCOsSITOTsCAT
SOTeMGTOTsKTOTINATCT3SO04TOTSFETOTsPTOToALTCTosFTOT4BTOTSLITOToNHSTOT
6sSRTOTsBATOTsCLTOToMNTOTsICKsPRTSTITL(20) sEPMCATIEPMANINEQU,ISPECY
TKSPEC(120) o IMINOKMIN(200) s TDSe1DAVESs IPRT

DATA LIST4/1929304964+59697918986927062098919023022021920929¢32+30
103)0499464963042994946995963996993924925926491496796898199¢1091191297
2T7+7897998049139100+65¢9991501692893393491019102910691079111+1094110
391030104910551080112911391159¢519520¢53¢54955956¢57+5895996004594744
4R96097394)1975974376961950436937985¢38939:92+81982983+88¢89+90,491/

DATA LISTS/1920304951989697/

CEPNMAN=0,0

CEPNMCT=0,0

DC 20 I=19D

IF (Z(1).GT.0) GO TO 10

CEPVAN=CEPMAN=Z (1)®M]I (1)

GC TO0 20

CEPNCT=CEPMCT+2(I)*MIC(I)

CCNTINUE

CEPVAN=CEPMAN#1000, -

CEPMCT=CEPMCT®*1000,

13"1(7)0”L(18)0NI(21)‘~I(22)‘"1(30)‘“1(3!)0MI(42)0MII‘9)0M1(86)‘M
11(111)eMIt43) ,

PC02=0,0 .

IF (ALFA(86).GT,0,0) GO TO 30

GO TO 40

PC02=10.#% (ALOGLO(ALFA(86))=2385,73/T=1,5264E=24T+14,0184)

XLPCO2=AL0G10(PCO2)

CCNTINUE

EFPE=PE®COR*T/F

PRINT 110
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(s NeNel

PRINT 110
PRINT 1209 AH2O0EPMCATsCEPMCToPHoPCO2+EPMANICEPMANGXLPCO20ALFA(TO)
19EHM sPEsTEMPALFA(T71) sPES9S1+PEDOIDENS+PESATOeMULTDS
PRINT 130y PEJEHPE
PRINT 140
DLM=10,%®(=T0)
DC S0 I=1+0
CUNITS(I)=040
1F (MI(I)«LT.0UM) GO TO 50
CUNITS(I)=MI(1)®1000,9GFW(I)®(1,0=1,0E=064C1SAVE)
XLMI(I)=ALOG10(MI(]))
XLALFA(I)=ALOGLlO0(ALFA(I))
XLGAM(TI)=ALOG10(GAMMA(]))
€0 CCNTINUE
DC 80 I=1+104
IF (MI(LIST4(I))eLT,DUM) GO TO 80
IF (ISPEC.EQ.0) GC TO 70
DC 60 J=1+ISPEC
IF (LIST4(1).EQ.KSPEC(J)) GO TO 70
€0 CCNTINUE
GC TO 80
70 CCNTINUE
PRINT 1509 LISTA(]I)oNSPEC(LISTSG (1)) ¢Z(LISTA4(I))oCUNITS(LISTL(I)) oM
1T(LISTSG (D)) o XLMI(LISTS4(I)) o ALFA(LISTG(I)) e XLALFA(LISTS4 (1)) oGAMMA (L
2IST4 (1)) o XLGANMILISTSG(I))
80 CCNTINUE
IF (PRT(3)«NEJO) GO TO 100

CALCULATION OF MOLAR RATIOS AND LOG ACTIVITY RATIOS.
DC 90 I=1,8

IF (ANALMI(LISTS(I))«LTelE=30) ANALMI(LISTS(I))=1E-30
IF (MI(LISTS(1))elLTo1E=30) MI(LISTS(I))=1E-30

IF (MIC(LISTS(I))elLTL,1E-30) XLALFA(LISTS(1I))==30,
RATIOL (I)=ANALMI(S)/ANALMI(LISTS (1))
RATIO2(I)=MI(S)/VMI(LISTS(I))

S0 CCNTINUE

RATIOL (9)=ANALMI(1)/ANALMI(2)
RATIOL(10)=ANALMI(3) /ANALM] (4)

RATIO2(S)=MI(1)/MI(2)

RATIO2(10)=MI(3)/VI(4)

RATIO3(1)=XLALFA(1)+PHeZ,

RATIO3(2)=XLALFA(Z)+PH®2,

RATIO3(3)=XLALFA(23) +PH

RATIO3(4)=XLALFA(4) +PH

RATIO3(S)=XLALFA(S])ePH*®3,

RATIO3(6)=XLALFA(8)+PH®2Z,
RATIO3(7)=XLALFA(]1)=XLALFA(2)
RATIO3(B)=XLALFA(3)=XLALFA(4)

PRINT 110

PRINT 160¢ (RATIC1(1)9RATIOZ(I)sRATIONI(I)e1=198)e¢(RATIO1(]I)sRATIOZ
1(I)91=9+10),

100 CCNTINUE
RETURN

110 FCRMAT (/7)

120 FCRMAT (//+46X 9t #aaaDESCRIPTION OF SOLUTICON ®#e8a89,//427Xs *ANALYTIC
1AL COMPUTED' 913Xy 'PHY 916X *ACTIVITY H20 = *9FT7,49/920X9 'EPMCAT 'y
2FSe303X9FTe3010XeF643914Xe'PCO2 = V91PEL13,69/920Xe tEPMAN 1 ,40PFS.3
3e3X9F9,3030X9'LOG PCO2 = 9FBebe /956 X9 'TENPERATURE #11X9 P02 = 191

\
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o000

GPE13+69/7920Xs'EH = "90PF6s%92Xe'PE = ?"oFT7,3011XeF6,29" DEG C'010Xe
StECHG = "91PE13460/920Xe'PE CALC S = '9E13,6933X99C02 TOT = *9E13.
669/920X9*PE CALC COX=*t9E13¢6010Xs?IONIC STRENGTH? 99Xe *DENSITY =
TOFFB8.,4¢/920X99PE SATO DOX=?'91PE13¢6910X9EL13.6010X9?*TDS = "0PF9,1,°
8MC/LYs/)

130 FCRMAT (11Xe?IN CCMPUTING THE DISTRIBUTION OF SPECIESe PE = 19F7,.3
1e0SXe'EQUIVALENT Eb =2'9F7,39'VOLTS?e//)

140 FCRNAT (///452X )V enccvaccacacanancacanaal /952Xy 'DISTRIBUTION OF S
IPECIESY4/152X 9 ' moemccmcannernanacccnenly/ /9 TX o' T1e2Xe *SPECIES?410X
29 'PPMY 911X IMCLALITY " 9BXo'LOG MOL? 9EXo?ACTIVITY?48BXe?LOGC ACT ' ¢5X,y?
3ACTe COEFF 4 9SX9?L0G A COF?,y/)

150 FCRMAT (1H oS5XoI391XesAB01302Xe1PEL12:504XeE12.504X90PFO.494X91PE12,
1504Xs0PFO 494X e1PEL12e5+4X90PFF,4)

160 FCRMAT (//9¢18Xo'NCLE RATIOS FROM ANALYTICAL MCLALITY MOLE RATIOS
1 FROM COMPUTELC MOLALITY LOG ACTIVITY RATIOS'9/91BXy V' mecemanccec=
2--------------------‘--- L T Y I X £ X 3 ¥ ¥ ¥ X ¥ X Q¥ ¥ ¥ L X L r 2 XX ¥FryJ -
Jrcnrcenccsseaceneat /925Xy CL/CA = V91PE11.4017X9'CL/CA ‘= ',E11
4446e9X9'L0OG CA/H2 = v30PF9.49/925XeCL/MG = $HIPEL1le491TXo?CL/VMG
S = V9E11e4e9X0'LCG MG/H2 = "' qOPF9c49/025Xs'CL/NA =z "9 ]1PElle4sl?
6Xe9CL/NA = "E116499X0'LOG NA/HL = " 90PFQ.64/925X9'CL/K = 0,]
TPE1le4slTX9'CL/K = '9E1lebo9Xe"'L0G K/H]1 = ' 90PF9440/9e25X%Xs'CL/A
al 2 V91PE1l.4s17XeCL/AL = 14E114609Xe'LOG AL/H3 = "40PF9,444¢/
S2Sx9'CL/FE = 191PE1l.4s17Xe?CL/FE 2 Y9E11le499Xs?LOG FE/H2 = ¢,
SOFFG,49/925XsCL/S04 = 191PELl1¢4s17Xe?CL/SCE = 14E114499%Xy?L0G C
SA/MG = '9o0PF9.49/925Xs'CL/HCO3 = 991PE] 14491 7Xo'CL/HCO3 = 1,E11l46

$OXo'LOG NA/K = '"40PF9,4¢/¢25Xs'CA/MG = '91PE1le49slTXe'CA/MG s
S '4E11449/7925X0'NA/K = Y9E1l44917Xe'NA/K = 143E11.4)
END

SLBROUTINE SAT

INTEGER DyEsDCoRBITyCORALKSZ(120)sLIST6(24) +PRT (4)

INTEGER PECALCYPECK

DIMENSION LIST7(101)s LISTB(15)

REAL MI(120)eKT(200)9LOGKT(200) ¢yLOGKTO(200) oMNTOToLH20eMUINATOT oKT
10T yMGTOTSLITOToNHGTOT oKW

REAL ®BNSPEC(120) yNREACT(200)

CCMMON MIoyKToLOGKT oLOGKTO9sKWsDeE9sDDsCoRsToF s TEMP9A9BoPEIPESIPEDCHP
1ESATOWPECKsPECALCsPHITENMPE y TENPHoALFA (120) +GAMMA(120) AP (200) o XL A
2LFA(120) 9ZoCUNITS(120) s ANALMI(120) oNSPECINREACT+GFW(120) 9DHA(120)»
3DF(Z00) yAH20sLH20+EROR] +EROR2yERORIYERORG ¢ERORSYEHMoDENS 9 DOX e XLMI (
4120) 9 ITERYRBIToCISAVE +CORALKyMUGLCHEK (200) 9sCO2TITsANALCOsSITOT#CAT
SOToMGTOTsKTOTINATCTsSC4TOTIFETOTsPTOTsALTOToFTOT+BTOTSLITOTyNHGTOT
6eSRTOT9BATOTsCLTCTyMNTOToICKPRTyTITL(20) yEPMCAT EPMANINEQUy ISPEC
TKSPEC(120) s IMINGKMIN(200) 9 TOSo IDAVESIPRT

DATA LISTE/102030469596979809911018026927940045947951956446296798849
1001019102/

DATA LIST7/640041916)9510439189)1404292291519145949¢53920913+144498
1050021930057 910002991295691139120997+963928052911191129119919+65948
291099118039996046947044912991480689999110011910896491169117¢584€7
3594619150055046501429115¢5401020379109010101479143938066962¢32+60410
47016601549 1550156917291730174¢17591769177017891790180+181+18391840
5185918691879188¢189419001519192¢193/

DATA LIST8/107+108+109911001119112¢1139114911541199120417341744175
1177/

CALCULATION OF ION ACTIVITY PRODUCTS
DC 20 I=ls24
IF (ALFA(LISTE(I))oLTelosE=40) GO TO 10
ALFA(LIST6(I))=ALCGIO(ALFA(LIST6O(I)))
GC T0 20

10 ALFA(LIST6(I))==2E4
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1030
1040
100
10€0
1070
1080
1060
1100
1110
1120
1130
1140
1150
11€0
1170
11€0
1150
17200
1710
1220
1230
1240
170
12€0
1270
1280
1290
1300~

220
230
240
250
2€0
270
280
290
300
310
320
330



20 CCNTINUE F 340
AP (10)=ALFA(B)+ALFA(18) F 350
AP (11)=ALFA(2)+ALFA(18) F 360
AP (12)=ALFA(1)*AP(11)+ALFA(18) F 370
AF (13)=mALFA(1)*ALFA(18) F 380
AP (18)=ALFA(1)+ALFA(6) F 3S0
AP (19)=AP(18) +2E0°LH20 F 400
AF (20)=ALFA(2) +2EQ0®ALFA(2T) F 410
AP (21)=3E0%ALFA(2)+2EQ0%ALFA(24)+6EO*ALFA(27)=SEQ0®LH20 F 420
AF (22)=AP(13) F 430
AF (2B)=2EO0®ALFA (2) «ALFA (24) +4E0® (ALFA(27)«LKF20) F 440
AP (29)=ALFA(1)SALFA(2)+2E0*ALFA (24)+4ED®ALFA(2T)=6E0%LH20 F 4S50
AP (30)=ALFA(2)+ALFA(24) +2E0®ALFA(27)=3E0®LH20 F  4€0
AF (32)=2E0®ALFA (1) +SEO®ALFA(2) +BEO®ALFA(24)¢14EO0®ALFA(27)=22E0% H2 F 470

10 F 480
AP (37)=2€0®ALFA(2)+IE0*ALFA(24) «4EO®ALFA(27) =4 ,5SEO0%LH20 F  4SD
AF (3B)=3E0®ALFA(2)+4E09ALFA(24)+6EO0®ALFA(27)~1E1%LH20 F 500
AP (39)=4EO0®ALFA(2) +3E0®ALFA(18)+2E0%ALFA(27)+3F0%LH20 F S10
AP (40)=ALFA(4)*ALFA(S4)+3EO0®ALFA(24)=BEO0#LHZ0 F SZ0
AP (4)1)=AP(40)~ALFA(4)*ALFA(]) F 530
AP (42)=ALFA(1)+2E0% (ALFA(S4)+ALFA{24))=BEQ*LH20 F S40
AP (43)=ALFA(3)+ALFA(54)«2E0*ALFA(24)=SE0®LH20 F S€0
AF (44)=ALFA(4)+3E09 (ALFA(S4)«ALFA(24))=2E0#FH=]12E0#LH20 F S&0
AP (45)=ALFA(4) *ALFA(S4)+3E0® (ALFA(2)+ALFA(24))+6ED#ALFA(2T)=1E1%LH F 570

12C F 580
AF (46)=.6E0®ALFA(4) + ,25ENRALFA(2)+2.,JEN0*ALFA(54) «3,5E0%ALFA(24)=-1. F 550

12E0%PH=-11.2E0%LH2C F 600
AF (47)=2E04 (ALFA(S4)+ALFA(24)=PH)=TEO®LH2C F 610
AP (4B)ZAP(4T) F 620
Cl=(SGRTI(MI(1)*GAMMA (1) +MI (2)9GAMMA (2) +M] (3) #GAMMA (3))) F 630
IF (C1.6T+0.0) C1=ALOG10(C) F 640
IF (CleLE.0.0) Cl==2E4 F 650
AP (49)=.33E0%C1+2.33E09ALFA(S4)+3,6TEOALFA(24)=2E0®PH=12E0#LH2C F  6K€0
AP(S0)=SE0%ALFA(2)+2E09ALFA(S4)+3E0%ALFA(24)+BEQ®ALFA(27)=1E14#LF20 F 670
AF (51)=ALFA(4)*3EO0BALFA(S]1)+6E0®ALFA(27) +2E0*ALFA(6) F 680
AF (S2)=ALFA(S1)+3E0#ALFA(2T) F 6S0
AP (53)=AP(52)=LH2C F 700
AP (S54)=2E0%ALFA(54) +4EO0RALFA(24) =2E0#PH=12,0%LH20 F 710
AP (55)=«SE0% (ALFA(3)+ALFA(4))+ALFA(54)«3E0%ALFA(24)=TEO0®LH20 F 70
AP (S6)=ALFA(3)*ALFA(54)+3,5E0%ALFA (24)=6E0#LH20 F 130
C2=(MI(J)HGAMMA () +M] (4) #GAMMA (4)) F 740
IF (C2.67.0.0) C2=ALOG10(C2) F 750
IF (C2.LE«0.0) Cl==2E4 F 7¢0
AP (S57)=,SE04C2+ALFA(S4) +SEORALFA({24)=8,5E0%LH20 F 770
AP (58)=,5E04CZ2+ALFA(54) +4 ,SEO%ALFA (24)=BEO*LH20 F 780
AF (59)=ALFA(3)+ALFA(T) F 760
AP (60)=3E0®ALFA(3)+ALFA(T)+ALFA(18)+2E0% K20 F 800
AP (62)=2EO0®ALFA(3)+ALFA(18) «LH20 F 810
AF (€1)=AP(62)+9E0#LH20 F 820
AP (63)=ALFA(1)+2EQ0®ALFA(62) F 830
AP (64)=.16TEO®ALFA(1)+2,33E0%ALFA(S4)+3,6TEQ®ALFA(24)~2E0#PH=12E0% F 840

1LF20 F 850
AP (65)=ALFA(3) +ALFA(5) F 860
AF (66)=2EQ0®ALFA(3)+ALFA(6) F 870
AP (67)=AP(66)+1E1%LH20 F 880
AP (68)=ALFA(B)*ALFA(6T) +PH F 8S0
AF (S6)=SEQ®ALFA(1)+3E0* (ALFA(47)=LH20)+4EQ%ALFA(2T) F 900
AF (S7)=SEO0%ALFA(1)+3EO0% (ALFA(4T7)=LH20) +3E0*ALFA(27)+ALFA(62) F 910
AP (98)=ALFA(24)=2E0®LH2C F 920
AP (99)=ALFA(4)*TEORALFA (24) +PH=9EQ#LH20 F 930
AP (100)=AP (98) F 940
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30

40

co

€0

AP(101)=AP(98)

AR (102)=AP(98)

IF (ABS(PE).LT.20,0) GO TO 30

GC TO 40

CCNTINUE

AP (107)=3E0*ALFA(8)+2E0%ALFA(45)+B8EO0*LH20
AP (108)=3E0*ALFA(9)=2E0%PE+4E0 L H20+8E0#*PH
AP (109)=2EO0*ALFA(S)+3E0*LH20¢6E0PH

AP (110)=AP(109)

AP (111)s=ALFA(S)+3EO®ALFA(27)=LH20
AF(112)=3E0®ALFA(8)+2EO0%ALFA(24)+6ED®ALFA(27)=5E0®LH20
AP (113)=ALFA(G)*IEO® (LH2O0+PH)
AF(114)=AP(45)+3EQ* (ALFA(8)=ALFA(2))

AP (115)=ALFA(B)+2E0® (ALFA(67)+PE+PH)

AP (119)=3E0®ALFA(B)+4EO*ALFA(6T)+2EO0*PFE+4EO*PH
AF (120)=AP (68)

AP (173)=ALFA(102)+2# L H2C+4*PH+PE

AP (174)=AP(173)

AP(175)=aAP(173)

AP (177)=3%ALFA(10]1)+4#LR20+8%PH+2#PE

GC TO 60

CCNTINUE

DC S0 I=1.15

JK=LISTB(I)

AP (JK)==6000,

CCNTIMNUE

PECK=1

CCNTINUE

AP (116)=,290ALFA(Z)+23%ALFA(S)+].58*ALFA(54)+3,93%ALFA(24)~10.%LH
12€
AP (1171 =o4S%ALFA(2) +¢340ALFA(S)+1e4THALFA(54)+3,820ALFA(24)=9,2%LH
12C+ . T76%PH

AP (118)=3E09ALFA(Z)+ALFA(1)+4EO®ALFA(]8)

AP (1291 =ALFA(1)+2E0®ALFA(S64)+4EO0®ALFA(24)=BEO*LH20
AP (141)=AP(52)

AP (142)=2E0# (ALFA(1)*ALFA(54)+PH)+3E0®ALFA(24)~8EO®LH20
AP (143)=ALFA(BB)+ALFA(]18)

AF (144)=ALFA(88)e¢ALFA(6)

AP (145)=ALFA(S0) ¢ALFA(6)

AP (146)=ALFA(SO)+ALFA(18)

AF (147)=ALFA(S)*ALFA(45)+2E0®LH20

AF (148)=2E0%ALFA (1) +4EORALFA(54)+BEO®ALFA(24)~17E0®LH20
AP (150)=ALFA(2)«ALFA(18)+3E0*LH20

AP (151)=2E0%ALFA(1)+ALFA(18)¢2EQ0®ALFA(27)+3E0%LH20
AF (172)=ALFA(10]1)¢LH2C+2%PH

AP (176)=2%ALFA(102) «39LH20+6%PH

AP (178)=ALFA(101)e2%ALFA(27)
AP(179)=ALFA(102)+3#ALFA(2T)

AP (180)=ALFA(102)+¢28LHZ2C*+3%PH

AP (181)=ALFA(101)+ALFA(18)

AP (183)=ALFA(10])¢2%ALFA (D)

AP (184)=AP(183)¢LF20

AP (185)=AP (183) «26LH20

AP (186)=AP(183)+4%LH20

AP (187)=29ALFA(101)¢ALFA(24)+6*PH

AP (188)=2%ALFA(101)+ALFA(24)+2%PH=LNH20
AP(189)=ALFA(10]1)«ALFA(67)+PH

AP (190)=ALFA(101)«ALFA(6)

AP (191)=2%ALFA(102)+39ALFA(6)

AP (192)=3%ALFA(101)«2%ALFA(45)

AP (193)=ALFA(101)+ALFA(4T)
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950

9¢€0

370

980

9%0
1000
1010
1020
1030
1040
1050
10€0
1070
1080
1060
1100
1110
1120
1130
1140
1150
11€0
1170
1180
1160
1200
1210
1220
1230
1240
1250
12€0
1270
1280
1260
1300
1310
13¢0
1330
1340
1380
13€0
1370
1380
1350
1400
1410
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1450
14€0
1470
1480
14S0
1500
1510
15¢0
1530
1540
1550



AP (1564)=AP (3T) F 15€0

AP (155)=AP (52)=LH20 F 1570

AP (156)=AP (129) =24 K20 F 1580
PRINT 140 F 1550
PRIANT 150 F 1600

DC 100 I=1,102 F 1610

IF (IMIN.EQ.,0) GO TO 8O F 1620

K=0 F 1630

DC 70 J=1¢IMIN F 1640

IF (LIST7(1)EQ.KNMINLY)) K=] F 16%0

70 CCNTINUE F 1660
IF (KesEQesl) GC TO 80 F 1670

GC T0 100 F 1680

80 CCNTINUE ‘ F 16S0
IF (AP(LISTT(I))elTe=7T7e0.0RAP(LIST7(1))eGT.75,0) GO TO S0 F 1700

TF (LCHEK(LIST7(I)).EQel) GO TO 90 F 1710
DUM=AP(LIST7(I))=ALOGIO(KT(LIST7(I))) F 1720

IF (DUM.GT.75.) GC TO 90 F 1730
XIAP=10,##AP(LIST?7(1)) F 1740
RAT=XIAP/KT(LIST?7(1)) F 1750
XLRAT=ALOG10(RAT) F 17€0
DELGR=CoR&T#XLRAT F 1770
PRINT 160¢ LISTT(I)oNREACT(LISTT(I)) oXTAPSKT(LISTT(I))+AP(LIST?7(I) F 1780

1) s LOGKT(LIST7(I)) +sRATyXLRAT+DELGR F 1750

GC TO 100 F 1800

S0 IF (AP(LIST7(1))elTe=5000s040ReAP(LIST7(1))eGT.5000.0) GO TO 100 F 1R10
XLRAT=AP(LIST?7(1))=LOGKT(LIST7(I1)) F 1820
DELGR=CUR#TH#XLRAT F 1830
PRINT 1709 LIST7(I)oNREACTI(LISTT(I)) AP (LISTT(I))sLOGKT(LISTT(I))s F 1840
IXLRAT+DELGR F 1850
100 CCNTINUE F 18¢€0
IF (PECK.EQe1+AND,PECALC.NE.O) GO TO 110 F 1870

6C T0 130 F l1Re0

110 PRINT 180 F 1RG0
DC 120 I=1,15 F 1900
PRINT 160+ NREACT(LIST8B(I)) F 1910

120 CCNTINUE F 19¢0
130 CCNTINUE F 1930
RETURN F 1940

F 1950

140 FCRMAT (/27) F 1960
150 FCRMAT (//922Xes 'PHASEY99Xe?'IAPY 410X *KT*4BXe?LOG IAPY94Xy?'L0OG KT*'s F 1970
16X ' IAP/KT 146X LCG TAP/KT!SXy'DELGR'4/) F 1980
160 FCRMAT (1bh s17XsI391XoAB842(2Xs1PEL1led) s2(2Xs0PFFe4)s2Xe1PELYs4s2(2 F 1950
1Xs0PF10.5)) F 2000
170 FCRVMAT (1H o¢17Xel391XeABe2BXs2(FG,492X)0e11X92(2XsF10.5)) F 2010
180 FCRMAT (///7+20X+'FE IS GREATER THAN 20 OR LESS THAN =20'4/920Xs*AN F 2020
10 THE FOLLOWING MINERAL REACTIONS HAVE BEEN DISREGARDED's/) F 2030
160 FCRMAT (1K +20X9eA8) F 2040
END F 2050~
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