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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 Programníng Language / one (PL / 1). With but
a few exceptions , the thermochemical data, speciation, activity coefficients,
and general calculatíon 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.
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INTRODUCTION

WATEQF is a FORTRAN IV computer program that modeis the thermodynamíc
speciation of inorganic ions and complex species in solution for a gíven
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 coeffícients, and general
calculation procedure of WATEQF is identical to the PL/1 version. For
discussíon 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. In 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 referente to maximum and minímum 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 S04 / S- ratio.

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

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

6. Thermodynamic data used in the program can be changad through
the use of optíonal input cards.

7. Various print optíons 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
temperatura dependent data at the temperature of the water
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sample. SET initalizes values of individual species for the
iterative Mass Action - Mass Balance loop. MODEL calculates
activity coefficients and solves Mass Action and Mass Balance
equatíons for the species considered. PRINT prints the results
calculated from the aqueous modal, and SAT calculates and prínts
the thermodynamic saturation state of Che water wíth respect to
the varíous minerals considered by the program.

9. The method of convergente on Mass Balance for anicns has been
changad to a more accurate and rapid convergence method, essentially
ídentical 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 ís outside
the interval 3.0 - 11.0, or íf there is greater than 30 percent
error in charge balance. Thís 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 Tabla 1 and Attachment

B, although pone 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
revisíon, as better data become avaílable. The responsibility
for final selection of constants used in WATEQF rests with
the user.

INPUT

The data matrix of species considerad 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), 1=1,115) (5X, A8, 2X, 12, 3X,
F10.4, 1X, F4.1)

(NREACT(I), DH(I), LOGKTO(I), I=1,193) (SX, A8, 2X, 2FlO.4)

Following input of the data matriz, 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).
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The requíred input for each water analysís ís summarízed 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.O, 1X, 911, below
CORALK, PECALC, IGO, 213)
(PRT(I), I=1,4) IDAVES,
ISPEC, IMIN

3 CUNITS(I) (1=1,2,3,4, (6E12.5,8X) Ca,Mg,Na,K,C1,Sá4
5,6) (in order)

4 CUNITS(I) (I=7,35,8,45, (6E12.5,8X) HC03,Si022Fe,P04,
88,62)

SR, F (in order)

---------------Optional input appears here----- -

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

DESCRIPTION OF INPUT VARIABLES

NSPEC(I) Narres of the species

Z(I) Charge of the species

GFW(I) Gram formula wt. of ith specíes

DHA(I) Debye-Hückel á parameter for ith species

NREACT(I) Narre of ith reaction

DH(I) áH° for ith reaction (Kcal/mole)

LOGKTO(I) Log K for the ith reaction at 25°C

TITL General description, identifyíng information, etc.

TEMP Temperature in degrees C.

pH Negative log of the activity of hydrogen ion.

EHM "Trúe" Eh of solution to which no temperatura
correction will be made (volts)

-4-
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EHMC Electical potentíal (volts) of the Eh cell with a
calomel reference electrode.

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

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

DOX Dissolved -ó'kygen content (mg/1).

FLAG Signal for units of input concentrations (CUNITS).
l-meq/l, 2=mg/1, 3=ppm, 4=molality.

CORALK Carbon sígnal. Set to zero (or blank) if the alkalinity
has not been corrected for silica, boron, etc. CORALK=1
if this correction has been nade . Normally, one would
report alkalinity as HCO (and CO3 if detected) and set
CORALK to zero. To ínpul total carbon rather than alkalinity,
set CORALK to 2. Total CO2 can then be input as HC03, or, *
if desired, as the individual species of HCO-, CO-3 and H2C03...
H2C03 and C0 are read on an optional "CONC� carel.

(H2C03 denotes H2CO3 + CO2aq).

PECALC Signal for pe calculation. If PECALC = 0, pe is set to 100
and oxidation-reductíon 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 SO4 / S=.

IGO =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

prínt of: I=1, thermochemical data table; I=2, mass balance
convergence iteratíons; I=3, ion ratios; I=4, mineral saturation
calculations. To obtain the aboye printout, leave the appropriate
value of PRT(I) blank or zero.

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

-A Z2
• log y. 1 j.31

1 +

is used. If zero, or blank, the Debye-Hückel equation,
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-A Zi
log yi =

1 + Bai

is used. A and B are constants that depend on the dielectric
constant, density and temperatura of the solvent, Z. Zis the
charge on the ion, I ís ionic strength (I= 1/2 E. mi i, where

is the molality of the í th ion), and a, is the "ion size"
parameter. As a general rule, the Davieslequation is probably
accurate to ionic strengths less than 0.5 and the Debye-Htickel
equation is more accurate at ionic strength less than 0.1 ++
(Stumm and Morgan, 1970). Activity coefficients of Ca+, Mg
Na+, K+, Cl-, SO4, C03, and HCO-33 are always calculated from
the extended Debye- Huckel equaEions of Truesdell and Jones
(1974).

ISPEC Number.of species desired in output (íf less than total
number possible for the given water analysís). 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 índex numbers) must be read (Type
1 optional input; see below).

LNIN 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 optíonal input; see below).

Total concentration (units of FLAG) of Calcium (1), Magnesíum
(2), Sodíum (3), Potassium (4), Chioride (5), Sulfate (6),
Carbon, as HC03, (7),Silica, as Si02, (35) Iron (8), Phosphate,

as PO (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).
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DESCRIPTION OF OPTIONAL INPUT

Additional input is optional and must appear between cards 4 and S.
Two types of optional input cards are used, Type 1 and Type 2. If used,
Ty-pe 1 optional input cards must precede Type 2 optional input cards.

Type 1 Optional Input

These cards are used to limit the number of specíes 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 desíred, read ISPEC values of KSPEC(I),

Variable Format

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

where KSPEC(I) is the índex number of the i th specíes 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

(KfIN(I), I=1, IMIN) (1615)

where KMIN(I) is the index number of the i th mineral reaction for which
saturatíon output is desíred. Mineral índex numbers are listed in the
data tables of Attachment A. If values of both KSPEC(I) and KMIN(I) are
enterad, 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 convergente tests on mass balance for anion species ("EROR"
card); (3) change AH° ("DELH" card(s)); (4) change log K at 25°C ("TABL"
card(s)); or, (5) change existing analytícal 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), 1=1,5)) (A4,1X,5(I3,E12.5))

-7-
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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 (H2S), 18 (CO3), 39 (NH4), 51 (Al), 81(Li), 85
(N03) 1 86 (H2C03), 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-ERORS are 0.001 (0.1 percent
error in mass balance). EROR1-EROR5 are entered on the "EROR" card
as VAL (1) - VAL (5). In the orden 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 reactíon
(25 degrees C) used in computing the temperatura dependence of equilibrium
constants from the Van't Hoff equation. INT(I) is the índex number
of the i th reactíon (sea Attachment A) for whích 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)) (lag K of reactíon at 25
degrees C used in computing the temperature dependence of equilibrium
constante from the Van't Hoff equation). INT(I) is the index number
of the i th 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 forlog ir as a functíon
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
expressíon must be

Log KT(INT(I)) = A + BT + C/T + DT2 + E/T2>

where T is temperature in degree K and A,B,C,D, and E are fit parametews
(may be zero or blank). INT(1) is the índex number'of reaction (see
Attachment A) and INT(2)-INT(5) are ignored. VAL(1)=A, VAL(2)=B,
VAL(3)=C, VAL(4)=D, VAL(5)=E.

Values of A,B,C,D, and E for añalytical 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.

-8-
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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
wíll not be corrected for temperature. If the redox potential with Calomel
reference was measured in the field and it ís 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 EHLiC is less than 9.0).

Oxidation-reduction equations used in calculating the dístributíon
of species are wrítten in terms of pe. pe can be computed from Eh, dis=
solved oxygen, or SO4 / 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 díssolved oxygen using the relation of Sato (1960). If
PECALC = 4, pe is;computed from SO4 / S= (provided SO4 and total H2S
are entered). If PECALC = 0, redox relations are ignored. If pe is to
be computed from díssolved 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.

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

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

2dissolved solids, and others. The concentration of each aqueous sp ecies
(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, &G and logK are
printed. Saturation output for minarais in which the activity of an i th
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 aboye, and by use of the ISPEC and IMIN options.
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Table 1: Revised Thermochemícal Datal/,2/

I NREACT Source áH° LogK 25°C Analytical Expression for log K(T°K)

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 KH2C03 54/ -14.8435 + 0.032786T + 3404.71/T

63 FLUOR 6 -10.50

69 KHC03 74/ -6.4980 + 0.02379T + 2902.39/T

74 KMGC03 8 0.991 + 0.00667T

75 KMGHC03 9 2.319 -.011056T + 2.29812x105T2

78 KCAHC03 2 -2.95 + .0133T

79 KCAC03 10 -27.393 + 4114/T + .05617T

80 KCAF+ 11 4.12 0.94

149 BLANK 12

158 KMN 3+ 13 25.760 -25.507

159 0 CL+ 14 0.0 0:607

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 KMNS04 15 3.700 1.708

166 KKNN03,2 14 -0.396 0.059

167 KALMiHC03+ 16 0.0 1.716
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I NREACT Source LH0 LogK 25°C Analytical Expression for log K(T°K)

168 K1N04- 14 176.620 -127.824

169 KHNO4-- 14 150.020 -118.440

170 BLANK 12

171 GI 02-- 17 0.0 -34.440

172 MANGANO 18 -24.025 17.938

173 PYROLUST 18 -29.180 15.861

174 BIRNSITE 19 0.0 18.091

175 NUSTITE 19 0.0 17.504

176 BIXBYITE 18 -15.245 -0.611

177 HAUSMITE 18 -80.140 61.540

178 MNOH2 19 4.100 -12.912

179 MNOH3 17 20.090 -35.644

180 MANGANIT 19 0.0 -0.238

181 RHODOCHR 18 -2.079 -10.539

182 BLA,NK 12

183 MNCL2 18 -17.622 8.760

184 MNCL2,1W 14 -7.175 5.522

185 MNCL2,2W 14 1.710 3.974

186 tLNCL2,4W 14 17.380 2.710

187 TEPHRITE 18 -40.060 23.122

188 RHODONIT 18 -21.885 9.522

189 MNS GRN 17 -5.790 3.800

190 MNS04 14 -15.480 2.669

191 MN2SO4,3 17 -39.060 -5.711

192 MN3P04,2 17 2.120 -23.827

193 MNHP04 14 0.0 -12.947

-13-
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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. Síebert (1974).
9. Fit to the data of Síebert (1974).

10. Reardon and Langmuir (1974).
11. Nordstrom and Jenne (1976).
12. Not presenta used
13. AGf, ¿Hf Mn , Wagman, et. al, (1969). AGf, OHf Mn3+, Latimer (1952).
14. Wagman, et. al. (1969).
15. OGf, Hem (1963), AHf Wagman, et. al, (1969).

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

Footnotes to Table 1

l/No attempt has been nade for internal consistency of thermodynamic
data in WATEQF. Responsibility for selection of thermodynamíc data
rests wíth the usen. The revised thermodynamic data of Table 1 do
not reflect the forth comíng revision of U.S. Geologícal Survey
Bulletin 1259 which may have profound effects on the thermodynamic
data for Aluminium.

2/The ion pairs Na2C03 and Na2

CaF

SO0 are no longer used in WATEQF. The

+ ion pair has been added to the model.

3/This analytical expression for the calcite equilibrium constant
assumes that the ion paír CaHCO3 is present in the aqueous model. • -

If CaHCO1 is deleted from the model via an optíonal LOGK card (by

setting log
KCaHCO++ to, for example, to -30.), log Kcalcite should

by changed to 13.80 - 0.04035T - 305.9./T, as reconmended by Jacobson
and Langmuir (1974).

-14-
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41Reactions 36 and 63 Nave 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 equilibría
show the pair as a product. A11 mineral aquilibria are written wíth
the solid as reactant. See Attachment C for details of all reactíons
in WATEQF.
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List of data cards for test case ñ

L. t

�wt1l?.:11i I m
i.jYs rn

ro

{ SEA WATER OF P.K.SREWER FRCM CHEMICAL OCEANOGRAPHY (1975)
25,0 8920 400 9.9 9.9 1.03 0.0 201 1

412. 1290. 10770. 380. 19360. 2709. w
X140.34 4.27 0.002 0.190• 8.0 1.3

6f,� j'�M CONC 51 .002 81 0.180 85 0.20 87 4.440 90 0. 0 02
CONC 90 0.002 98 67. 101 0.0002
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172 I'M.CANO 1-24.0250 17.9380
j{�• 113 PYRCLUST - 29,1800 15.9610 t

174 HIRnSITE 0.0 18.0910
175 NUSIITE 0,0 17.5040
116 81807176 - 15,2450 -0.6110

al 177 NAUSMITE - 90.1400 61.5400
y, 178 M9. OI.2 1.1000 -12.9120

179 MNO-3 20.0900 -35.6440
180 MA0CANIT 0.0 -0.2380
181 HMOCOCHR -2,0790 -10,5390
182 OLANK 0.o 0,0
183 M8CL2 11. 6220 0.7600
184 $OCl2, 1W •7,1750 5.5220
195 H4CL2r2M 1.7100 3.9710
106 MNCL2, 4w 17.3800 2.7100

4T'�+ 187 IEPI•RITE 40.0600 23,1220
188 RP 0 C 0 N1 9 - 21.8850 9,5220

k'. 1 8 9 Mh5 GRN - 5.7900 J.9000
190 M 0 SC4 15.4800 2.6690
191 ON2 5 04 , 3 39.0600 -5.1110
192 MN3P04 , 2 2.1200 -23.8210

;15. 193 MNHP04 0.0 -12.9470

.',}'
"•" DENOTES THAT AN ANALYTICAL EXPRESSION FOR KT HAS BEEN USED

SUMMARY OF ANALYTICAL EXPRESSIONS OF THE FORN LOO K • A•R-T.C / T•0•T• 0 2•E/ 7 ••2

1 NREACT A 6 C 0 E

.Y 1
Fr. 13 CALCITE 13.5430 -0.0401 - 3 000 , 0000 0,0 0.0

14 KH3SI01 6.3680 •0,0163 -3405,8999 0,0 0,0rcl,,
15 KM25104 39,1190 -0 . 0659 -12355.0971 0.0 0.0
25 KMGOH 0.6840 0,0051 0.0 0.0 0,0
26 KM3803 28.6059 0.0121 1573.2100 0.0 0.0
21 KMN3 0,6322 -0.0012 -2835.7598 0.0 0,0
36 KM2C03 - 14.8435 0.0328 3404 , 7100 0,0 0.0
65 KHCC3 -6 . 4980 0.0238 2902.3899 0.0 0.0
73 88 5 0 4 3.1060 0.0 -673 . 5999 0.0 0.0

7 Uy'��'' 74 KP0003 0.9910 0.0061 0.0 0.0 0.0
75 KNGrC07 2.3190 -O,Olll 0.0 2,2991E-05 0.0
18 KCAMC03 - 2.9500 0,0133 0.0 0,0 0.0

,•'!..,'� 79 KCAC03 - 27,3930 0.0562 4114.0000 0,0 0.0
?i'StF( 90 KM504 - 5.•3505 0,0183 557,2461 0,0 0.0

92 811 2$ 11.1700 - 0.0239 -3219,0000 0,0 0.0

• e,?r;4
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SEA WATER OF P.M.AREAER FROM CHEMICAL OCEANCGRAPHY ( 1975)

��yk

:>n? ----------------
INITIAL SOLUTION.`Yf ----------------

r 9'

TEMPEPATURE • 25.00 OEGREES C PF • 8.200 AH A LYTICAL EPwCAT • 608.205 ANALYTICAL EPMAN • 608.026

4•••• OXIOATIOH - REOUCIICN •••••

�Cb DISSOLVEO OXYGEN 4 0.0 MG/L
EH MEASUREO WITH CALOMEL • 9.9000 VOLTS

111 1r1}'S¡? MEASUREO EN OF ZO8ELL SOLU1IOh ■ 9.9000 VOLTS
CORRECTEO ES • 0.4000 VOLTS
PE COMPUTEO FFOM CORRECTEO EN ■ 6.761

1' + ••• TOTAL CONCENTRATIOh5 OF INPUT SPECIES •••

},i:�ú'nnp'' 1 101A1 LOG TOTAL TCTAL
SPECIES MOLALITY MOLALIT7 MG/LITRE
------- -�------ ----:--- --------

'.:' CA 2 1.033261E-02 -1.985A 4,119998E 02
MG 2 5. ) 33470€-02 -1 . 2730 1.290000E 03

fir; a HA 1 4.708921E-01 -0.3271 1,077000E 04
1 9.768441E-03 -2.0102 3.799998E 02

CL -1 5.489001E -01 -0.2605 1.9)6000€ 04
P4!tic - 504�jf�pliV -2 2. 8 34h54E-02 -1.5175 2. 7 09OOOE 03

HC03 -1 2.311902E-03 -2.6360 1.403400E 02
y4l;t;�G 5102 TOT 0 7.14)382€-05 - 4.1461 4.269999E 00

FE 2 3.599738E-08 -7.4437 2 . 000000E-03
11i+ P04 -3 2.010951E - 06 -5.6966 1.099999E-01

5 19 2 9.117571E-05 -4.0 3 73 7.999999E 00
F - 1 6.078075E- 05 -4.1625 1.299998E 00
Al 3 7.450825E-08 -7.1278 2.000000E-03:yI
LI 1 2.607451E- 05 -4. 58 70 1.799999E-01`sl• ,+'.
NO3 -1 ], 241736E - 06 -5.4892 1.999999E-01
8 TOT 0 4. 12 855)1-04 -3.3042 4.4)5999€ 00
OA 2 1.463773E - 08 -7.8345 2.000000E-03
OR -1 8.421915E - 04 -3.0743 6 . 694998E 01
MN 2 3.659167E-09 -A.4366 2 . 000000E-04

x'11. hi`i

4d: ;y ,1



^+. ••• CONVERGENCE 11ERATIONS •••

ITERATION SI-ANALCO3 S2-504T01 S]-FTOl 54 - PTO1 S5-CLTOT

+ict���� 1 -4 .656613E - 10 -3.725290E - 09 0.0 -2.728484E-12 0.0
r., 2 7.259629E - 09 •1.117581E-00 - 1,455192E - 11 -1.818989E - 12 5.960464E-08.

3 2,328306E - 09 •11..490116E • 08 0.0 .2.128484E - 12 1.192093E-07
♦ 1.8626♦5E - 09 -450581E - 09 0.0 .3.637979E-12 3.576279E-01

j{ S 1.862645E - 09 -3,725290E-09 -2.910 3 83E-1l -2.128484E - 12 1.192093E-07

`ri1}�i� ••A•f 11 OESCRIPTION Of SOLU1 ( oN ••••

ANALYTICAL COMPUTEO ! PN ACTIVITT H20 • 0.9812
EPMCAI 608.205 583 . 262 8.200 FC02 • 3.460119E-04

+,EPrAN 608.826 s83.904 Loa Pcoz • - 3 .4609
11'51' TEHPERATURE F02 • 5.107577E-24
If+,i'rY.' EH 0, 4 000 PE 6.761 25 . 00 OEO C PCH♦ 0.0
+:�{ PE CALC 5 • 1.000000E 02 C02 TOT • 2.006540E-03k".1 Ir PE CALC 00x• 1.000000E 02 tONlt STRERGTN CENSITY • 1.0300

PE SATO 00 0 . 1.000000E 02 6.534811E - 01 TOS • 35146.9140/1

IN COPPUT1N0 THE OISTRIBUTION Of SPECIES . PE ■ 6.761 EDUIVALENT EH • 0.40OVOL7S

a�.k1í,.1I

�`91+`�^f N -------_- - -__
DISTRIBUTION OF SPECIES

i1lí+ t+y
-----------------------

1 SPECIES PPr MOLALITT LOO MOL ACTIVITY LOG ACT ACT. COEFF . L00 A COF

1 CA 2 3.61732E 02 9.37716E - 03 -2.0299 2 . 33587E-03 • 2.6316 2.50260E-01 -0.6016
2 MO 2 1.13155E 03 4.81874E-02 - 1.3171 1,38831E - 02 -1.8575 2,88101E - 01 -0,5404

{Y#r:.l,: 3 NA 1 1.01719E 04 4.58082E-01 - 0.3391 3,23410E - 01 -0.4902 7.06008E - 01 -0.1512
4 n 1 3.57771E 02 9.47310E - 03 -2.0235 5 . 91987E-03 -2 . 2277 6,24914E-01 -0.2042

F!?Zfl' 64 1• 1 1.63225E-05 1.67651E-08 - 7.7756 6,30969E - 09 -8.2000 3 . 76358E-01 -0.4244
9¡{f 5 CL -1 1.87132E 04 5.46479E-01 - 0.2624 3.41503E-01 -0.4666 6.24914E -01 -0,2042

t 504 - 2 1.14131E 03 1.23008E - 02 -1.9101 2.26131E - 03 -2.6456 1 . 83835E-01 -0.7356
1 1-C03 -1 1.29181E 01 1.23556E - 0 3 -2.9081 0.360 01 E - 04 -3.0778 6 , 76680E - 01 -0.1696

te C03 -2 1.71511E 00 2.95904E - 05 -4.5288 6.20417E-06 - 5.2073 2.09669E - 01 -0.6785
i.¡�,,j.¡kan 84 r2C03 0 6.08126E-01 1.01509E-05 . 4.9935 1,18305E - 05 -4.9267 1.16626E 00 0.0668

27 OH - 1 1.81892E-02 4.15104E-06 -5.3818 1.56228E - 06 -5.8062 3.76358E-01 -0.4244
62 F •I 6.51394E - 01 3.54981E-05 - 4.4498 1,33600E-05 - 4.8742 3.16358E-01 -0.4244

'!'k'1��'+• 98 0 0 - 1 6.50485E 0 1 8.42192E - 04 -3.0143 3.11191E-04 - 3.4987 3.76358E - 01 -0.4244
19 MGON 3.15954E - 01 9.42018E-0t - 5.0259 3.54536E-06 - 5.4503 3.76 3 58E-01 -0.4244

$t ó::nl.`'
23 M 6 504 A0 0 5.43189E 0 2 4.67195E - 0 3 -2.]]05 5,43058E-03 -2.2652 1.16236E 00 0.0653
22 MGMC03 1 2.95603E 01 3,50665E - 04 -3.4453 1.34981E - 04 - 3 .8697 3.76358E-01 -0,4244

1<.j'¿•�q'i,.,� 2 1 MOCO 3 AO 0 5.75972E 00 7,07206E -05 -4.1505 0.2204 3 E- 05 -4,0151 1.16238E 00 0.065 3
20 MGF 1 1.36208E 00 3.256040 - 05 -4.4873 1.22544E - 05 -4.9111 3.76350E - 01 -0.4244

s :'ll#; ,' 1 1.91299E-02 7.435630-07 - 6.6134 9,16671E-08 - 7.0 3 78 3.76358E - 01 -0.42442S CAOH
32 CASO4 A9 0 1.21723E 02 9.25679E-04 - 3.0335 1,07599E - 0 3 -2.9682 1.16230E Do 0.0653
30 CAMCO3 1 5.25149E 00 5.77801E - 05 -4.2694 2.02406E-05 - 4.6938 3.76358E-01 -0.4244

1,;1¡11 Ir' , - ,
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41 P 6H2PO4 1 7,89406E - 04 6.73784E - 09 -8.1.715 2.53584E-09 -8.5959 3 , 16358E-01 - 0.4244
Ts CAPO4 -1 9.18123E-03 1.03850E-08 -7.125 2.64900E-00 - 7.5769 3.76358E-01 -0,4244�,vv�áli9'

g'�S' 74 CAHP04 0 7.98704E-03 6.07165E - 08 -7.2163 7.06454E - 08 -1.1509 1.16238E 00 0.0653
' 76 CAH2P04 1 1.17853E-04 8.90192E-10 • 9.0505 3.35031E-10 -9 . 4749 3.1b358E - 01 -0,4244

,.y 4. Al NMPO4 - 1 2.20732E-04 1.69180E-09 - 6.1716 6.36721E - 10 -9.1960 3.16 3 58C-01 -0.4244
d t 50 :"PHP • I 2.06205E-02 9.21248E-08 - 7.0342 3.41848E - 08 -1.4566 3 , 16358E-01 - 0.4244

36 r380 3 AO 0 1.42191E 01 3.22705E - o1 +3.1917 3 , 74641E-04 - 3.4264 1,16238E DO 0.063]
.! 11? 37 H2003 -1 5.31918E 00 9.05502E - 05 -4.0431 3.40793E-05 - 4.4675 3.16358E - 01 -0.4244

es 603 -1 1.94175E - 01 3.24224E - 86 -5,4892 1.22024E-06 - 5.9136 3.76358E - 01 -0.4244
4L?+. P1 11 1 1.13048E - 01 2.58195E-05 -4.5881 9. 7 1731E - 06 -5.0125 3,16358E - 01 -0.4244

P2 LIOH 0 4.79771E - 07 2.06998E - 11 -10.6840 2,40610E-11 -10.6181 1.16238E 00 0.0653
P3 1 1504 -1 2.53553E - 02 2.54864E - 07 -6,5937 9 , 59200E-08 -7.0101 3.76358E-01 -0.4244lee.¡!k•;: PP SR 2 7.76691E 00 9.11155E - 05 -4,0773 7,13209E-06 -5.1461 7.17211E - 02 -1.1095
8 9 SUQH 1 1.91695E-05 1.95627E - 10 -9.1086 7.36259E - 11 -10.1330 3.76358E-01 -0.4244
90 ex 2 1.94114E - 03 1.46377E - 08 -7.8345 1.13766E-09 -8.9440 7.77211E - 02 -1.1095

lhly 91 BAOH 1 3.07324E -09 2.06146E -14 -13.6858 7,75848E-15 - 14.1102 3.16358E-01 -0.4244

jjjj�h ¿T
�
t

+�y4

MOLE RATIOS FRON ANALYTICAL MOLALITT MOLE RATIOS FPON COMPLTED NCLALITY LOG ACTIVITY RATIOSr' ,} ------------------------------------ --------------------------------- -------------------
5i Cl/ CA • 5.3123E 01 CL/ CA 5.8549E 01 LOO CA/M2 • 13.7604
+`"ink CL/MG • 1.0292E 01 CL/rG . 1.1311E 01 L00 M 6 / H2 • 14.5425

CL/NA ■ 1.1657E 00 CUNA • 001.1930E LOG NAlH1 - 7.7098
CL/ K • 5.6193E 0 1 CL / N - 5 . 7 1 87F 01 LOG K?ril • 5.9123

AtiIY CL/AL • 7.3610E 06 CUAL - 5.6443E 15 L00 AL/M3 • 6,3347
• CL/FE • 1.5248E 07 CL/ FE • 1.9712E 11 LOG FE / M2 • 3.7334

+{'+i C1/504 • 1.9364E 0 1 CL/504 4.4426E 0 1 LOG CA/MO ■ -0.7740
�,1T N CL/HC03 • 2.3712E 02 CL/MC 0 3 • 4 . 4 2 29E 02 L00 NA/K r 1.771 4

I�i,¿!1, r CA/ MO • 1.9313E - 01 CA/MO - 1.9370E-01
ty',_r}�'¡, 1 NA / N • 4.8205E 01 NA/N • 4 . 8356E 01
}I.y,t j

PNA5E lAP KT LOO IAP LOG NT IAP / KT LOO IAP/NT DELGR
it,yp,s'

40 *0 LLAR 9.3162E-23 2.6916E-21 -22 . 0294 - 20.5700 3.4723E-02 - 1.45938 -1.99101
41 AL e ITE 5.1061E - 21 1.0000E-18 -20.2919 •18.0000 5,1061E-03 -2 . 29191 - 3.12681

y�'aiqü�� 141 AL 013 A 2,0707E- 3 6 2.1519E-32 - 35. 68 40 -31. 610 0 844336E-05 - 1.07 3 99 - 5.55806
51 ALLNIT -97.1522 -85.3200 - 11.83218 -16.14241
43 ANALCM 6.1447E -1 7 1.9953E-13 -16 . 2115 -12.7000 3 . 0794E-04 - 3.51153 -4.790717+5, ';1

R �I 18 A6 4 Y0Rt 1 5.2822E-06 2.8714E - 05 -5.2772 -4.5480 1. 8 656E• 0 1 -0.72919 -0,99482d"
�! 114 ANNI TE - 94.8502 -04 , 2400 - 10.61021 - 14.47531

..iyfpi 42 AhCRTH 1.3113E- 2 4 4.6 1 (6E-20 -25 . 8803 -19.3300 2.8162E- 07 - 6.55033 - 8.93649
22 £6600800 0.4492E-08 6 . 0954E-09 -7 . 8389 -8 . 2150 2.3176E co 0.31613 0.51315

151 ARTTN 1.8052E - 23 3.9812E - 19 -22.1076 -18.4000 1.9605E - 04 -3.10763 -5.05824
145 0 A 81 1 0 2.5727E - 12 1.7539E-10 - 11.5896 -9 . 7560 1.4668E-02 - 1.83362 -2.50158
53 BCEHM 2.1100E-36 3.0906E - 34 -35.6757 - 33.4100 5,4234E-03 - 2.26573 -3.09109
20 BRLCIIE 3.3885E - 14 3.8905E-12 - 13.4100 -11.4100 8.7096E-03 - 2.06000 -2.81042rt}:�; 13 CALCITE 1.4492E-08 3.3503E - 09 -7.8389 -8 . 4749 4,3257E 00 0.63605 0.86776

;�;,y,• 14 4 CfLEST 1.6170E-08 1,0611E - 06 -7.7924 - 5.9710 1.5192E-02 -1.81837 -2.4 8017
98 CHALO 8.1536E-05 2.9992E-04 - 4.0867 -3.5230 2.7186E-01 -0.56565 -0,77171L��

ít{t$•`� 50 CHALR - 83.0749 -90 . 6100 7.53506 10 . 27994
11yi.¡'!t 2 1 CHRYSOTL 2.6362E - 49 1.5850E - 52 -48.5790 - 51.8000 1.6632E 03 3.22095 4.39421

30 CLENSTIT 2.8159E-18 1.3440E - 17 -17,5504 -16 . 0700 2.0874E - 01 -0.66039 -0.92824
ST CLINOP 5.6364E-79 1.0000E 00 -28.2490 0.0 5.6364E - 29 -26 , 21 8 99 •38.53953

100 CRISTO 8.1536E-05 2.5942E-04 - 4.0861 -3.5860 3,1430E - 01 -0.50265 -0 . 68576

}jL17,! ü1,iy
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C??s�'
1 I 1 ! 1 1 i i I

179 M 4 CM3 1.4800E-.6 2 . 2659E-36 -45.0297 - 35.6440 6.5202E-11 -10.18574 - 13.89621
l80 Mph0ANIT 1.4876E-04 5.7810E-01 -3.6275 - 0.2380 2.5133E- 04 -3.58951 -4.09710
181 RMCOOCMR 1.7412E-15 2.0907E - 11 -14.8125 - 10.5390 4.6396E - 05 -4.33 3 52 -5.91213
183 MkCL2 2.5211E - 11 5.1544E 08 - 10.5984 8.7600 4.3012E-20 -19 . 35840 -26.41026

it 184 MNC 1 2 . lw 2.4730E - 11 3.7266E 05 - 10.6067 5.5220 7.4363E-17 - 16.12863 -22.00397
165 MNCL2. 2w 2.4272E - 11 9.4109E 03 - 10.6149 3.9740 2.5170E-1 5 - 14.58889 - 19.90332

t•,;,. 186 MNC 1 2.4w 2.3369E - 11 5 .12eeE 02 •10 . 6314 2.1100 4.5565E- 14 -1 3 .7417e -18.201 3 5
187 TEPMRITE 2.3145E 09 1.3243E 23 9.3645 23.1220 1.7471E - 14 -13.75154 - 18.16913 If
180 RM000N1T 9.3909E-08 3.326SE 09 - 7.0273 9.5220 2.8230E-11 -16.54929 -22.57787

:'Cd( 190 MNS04 4.8884E - 13 4.6666E 02 -12.3100 2.6690 1.0415E - 15 -14 . 97983 -20.43669
191 Y 4 2504.3 1.7420E-65 1.9454E-06 - 64.7590 -5.7110 8.9540E-60 -59.04794 - 80.55791 �� .
192 Mh3P04.2 1.5692E-52 1.4894E-24 -51.8043 -23 . 8270 1.0536E-28 -27.97731 -38.16890

] f�6,•;f'!1 193 Y 6 FP04 1 •1925E - 17 1.1298E - 13 -16.9236 - 12.9470 1.0555E - 0 4 -3.97655 - 5.42514
101 VIVAN 1 . 3350E-61 1.0000E - 36 -60.8145 -36.0000 1.3349E - 25 -24.87453 - 33.93584
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Attachment B: Program Listing

G *+*+ PRCGRAN W.TEUF **** A FORTRAN IV VERSION OF WATEG A 10

C **** FROGRAN w TECF +*** A FORTRAN IV VERSION CF WATEG A 10

C A 20

C REVISED FROM PL1 VERSION OF TRUESDELL ANO JGNES. A 30

C NIEL PLUMMER, SUMMER 1972. A 40

-C LATEST REVISION APRIL, 1977. A 50
C A 60
C A 70
C **** GESCRIPTION OF INPUT - 5 CAROS ARE REGUIREO **** A 80

C CARO 1 TITLE, JOB DESCRIPTION. (20A4) A 90

} C CARO 2 TEMP,PH,EHM,EHMC,EHMZ,DENS,DOX,FLAG,CORALK,PECALC,IGC, A 100
C (PRT(I),1=1,4),I0AVES,ISPEC,IMIN A 110
C (5(Ft.0,1X),2F5.0,1X,9I1,2I3) A 120
C TEMP....TEMPERATURE IN OEGREES G A 130

C Ph ...... NEGATIVE LOG ACTIVITY H+ A 140

C EHM ..... PREFERRED EH ...SEE OPTIONS A 150
C EHMC....MEASUREO EH ... SEE OPTIONS A 160
C EMFZ .... MEASUREO EH OF ZOBELL SOLUTION A 170
C DENS .... DENSITY OF SOLUTION (G/CC) A 180

C DOX ..... DISSOLVEO OXYGEN (MG/L) A 190
-C FLAG .... SIGNAL FOR UNITS OF INPUT CONCENTRATION. A 200

C 0 (OR 6LANK) = MMOLE/L, 1>MEG/L, 2>MG/L, 3>PPM, 4>MOLALITY. A 210
C CORALK..=0 IF ALKALINITY HAS NOT BEEN CORRECTED FOR BORON ETC. A 220
C ANO THE ORIGINAL EXPRESSION OF WATEO IS TO BE USEO. =1 IF A 230
C CARGONATE ALKALINITY (CORRECTEO FOR NON-CARbONATE ALKALINITY A 240
C SFECIES) HAS BEEN INPUT. =2 IF TOTAL INORGANIC CARSON IS A 250
C INPUT RATHER THAN ALKALINITY. =3 IF ALKALINITY HAS NOT BEEN A 260
C CORRECTEO FRO BORON ETC. - SIMILAR TO CORALK=O, EXCEPT THA+T A 270
C ALL POSSIBLE NON-CARbONATE ALKALINITY SPECIES ARE CONSICEREO. A 280
C PECALC..=O WILL SET PE TO 100, >1 COMPUTES PE FROM EH, A 290
C =2 COMPUTES PE FROM OOX(THEORETICAL). > 3 COMPUTES PE FROM A 300

1--C ThE SATO RELATION, = 4 COMPUTES FE FROM S-- -- SO4--. 310
C IGO..=0,OR BLANK, IF DESIREO TO NAVE DATA CHECKEU FOR INPUT A 320
C ERROR. PH MUST BE GREATER THAN 3 ANO LESS THAN 11, ANO THE A 330
C ANALYSIS MUST NAVE LESS THAN 30( ERROR IN CHARGE BALANCE. =1 A 340

-C IF TIIS CHECK IS NOT TO BE MADE. A 350
C (PRT(I),I=1,4), CAN bE SET TO 1 TO OELETE PRINT OF A 360
C THERMOCHEMICAL DATA,MASS BALANCE CONVERGENCE ITERATIONS, A 370
C RATIOS OF IONS, ANO MINERAL SATURATION, RESPECTIVELY. PRT•(I) A 380
C SHOULD BE SET TO ZERO OR BLANK TO Oi3TAIN THE RESPECTIVE FRINT. A 390
C IDAVES..=1, ACTIVITY COEFFLCIENTS OF CHARGEO ION PAIRS ARE A 400
C CALCULATEO FROM THE DAVIES EQUATION. =0 (OR BLANK), ACTIVITY A 410
C COEFFICIENTS OF CHARGED ION PAIRS ARE CALCULATEO FRO(1 THE A 420
C DEBYE-HUCKEL EOUATION. IDAVES HAS NO EFFECT ON GAMMA(1)- A 430

GAMMA(7), ANO GAMMA( 18). A 440
ISPEC.. = NUMBER OF SPECIES DESIREO IN OUTPUT(IF LESS THAN TOTAL A 450
POSSIBLE). Tú OBTAIN OUTPUT OF MOLALITY, ACTIVITY, ETC. OF A 460
ALL POSSIBLE SPECIES FOR THE OEFINED SYSTEM, LEAVE ISPEC A 470
BLANK (OR zERO). IF ISPEC GT. LERO, ISPEC VALUES OF KSPEC A 480

C (SPECIES INDEX NUMbER) MUST BE READ (SEL BELOW). IF ISPEC = A 490
C BLANK JM1T KSPEC CARO(S). A 500
C IMIN.. = NUMHER OF MINERALS FOR WHICH SATURATION OUTPUT IS A 510
C DESIREO (IF LESS THAN TOTAL POSSIBLE). TO OBTAIN SATURATICM A 520

DATA ON ALL POSSIBLE MINERALS FOR THE DEFINED SYSTEM, LEAVE A 530
IMIN BLANK (OR ZERO). IF IMIN GT. LERO, IMIN VALUES OF KMIN A 540
(MINERAL INDEX NUMBER) MUST BE READ (SEE BELOw). IF IMIN = A 550
BLANK (OR ¿LRO), OMIT KMIN CAROS(S). A 560

} CARO 3 CA MG NA K CL S04 (6(E12.5),8X) A 570
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**+* PROGRAM WATEWF **** A FORTRAN IV VERSION OF WATEG A 10

CARL 4 HLC3 S102 FL P04 SR F (5(E12'.5)•8X) A 580
... GPTIGNNL CAROS OF TYPE 1 APPEAR HERE ... A 590
.

•
. GPTIONAL CAROS OF TYPE 2 APPEAR HERE .. A 600

CARO 5 BLANK CARD (CENOTES ENO OF OATA FOR A PARTICULAR A 610
WATER ANALYSIS.) A 620

A 630
....DESCRIPTIOI. CF OPTIONAL INPUT.... A 640

ALL OPTIONAL INPUT MUST APPEAR BETWEEN CAROS 4 ANO 5. A 650
TYPE 1 CAROS MUST PRECEED TYPE 2 CAROS. A 660

A 670
r**rt**rr**trrrttr *xrrx**x* A 680

TYPE 1-OPTIONAL INPUT CAROS A 690
*xrrrrrrrrrr *x*rxr*xrrtrr*r A 700

(KSPEC(I),I=1,ISFEC) (1615) KSPEC(I) IS THE INDEX NUMtiER CF T1-E A 710
ITH SELECTED SPECIES FOR WHICH OUTPUT IS DESIRED. OMIT CARO A .720
IF ISPEC = BLANK <OR ZERO). A 730

(KMIN(I),I=1,IMIN) (1615) KMIN(I) IS THE INDEX NUMbER OF Ti-E: A 740
ITH, SELECTED MINERAL FOR WHICH SATURATION OUTPUT IS DESIREO. A .750

C OMIT CARO IF IMIN = BLANK (OR ZERO). A 760
NOTE THAT IF BUTh KSPEC ANO KMIN ARE READ, KSPEC(I) MUST BE REAO A. •7.70
BEFORE KMIN(I>. A 780

A .790
rr+x**xr*xxxxrrrxrx * rxrrrx* A 800

��. TYPE 2 OPTIONAL INPUT CAROS A 810
*tr*r*r**rxt*r * xr*rr*rrrrrr A 820

WCRO,(INT(I),VAL(I),I=1,5) (A4,1X,5(.13,E12.5)) A 830
WORD = 'CONC', 'EROR', 'DELH', 'TABL', OR'LOGK'. A 840

1-. A 850
'CONC'..ENTERS CONCENTRATION (UNITS OF FLAG) OF CONSTITUENTS A 860
NICT ON CAROS 3 ANO 4. INT(I) = 17(H2S)•18(C03),39(NH4),51(AL), A 870

�_ 51(LI),85(NG 3),86(H2C03),87(B),90(5A),98(BR),ANO 101('N). A 880
VAL(I) IS THE CONCENTRATION OF THE INT(I) CONSTITUEN.T. A 890

A 900
'ERCR•..OVERRIOES PRE-SET MASS BALANCE CONVERGENCE CONSTRAINTS A 910
O(. ANIONS. FER-SET VALUES OF ERCR1-ERORS ARE 0.001(0.1( ERROR A 920
IN MASS BALANCE>. EROR1-ERORS ARE ENTEREO ON THE 'EROR' CARO A 930
AS VAL(1)-VAL(S), IN THE ORDER 1=CARBON, 2>SULFATE, 3>FLUORIOE, A 940
4=PHOSPHATE, 5>CHLCRIDE. VALUES OF INT(I) ARE NOT USEO. A 950

A 960
'DELM'..OVERRIOES VALÚES OF THE STANDARD DELTA ENTHALPY OF A 970
REACTION (25 DEG. C) USEO IN COMPUTING THE TEMPERATURE A 980
üLPENDENCE OF EGUILIbRIUM CONSTANTS FROM THE VANT HOFF EGUAT,IO. A 990
INT(I) IS THE INDEX NUMBER OF THE ITH REACTION FOR WHICH OH(I) A 1000
IS TO 8E CHANCEO ANO VAL(I) IS THE APPPRIATE NEW VALUE OF A 1010
LH(INT(I)). 4 1020

A 1030
•TABL'..OVERRIDES VALUES OF LOGKTO(INT(I)) (LOG K OF REACTION AT A 1040
25 GEG. C USED IN COMPUTING THE TEMPERATURE OEPENOENCE OF A 1050
LOUILIERIUM LONSTANTS FROM THE VANT HOFF EOUATION). INT(I) IS A 1060
THE INDEX NUFBER OF THE ITH REACTION FOR WHICH LOGKTO IS TC BE A 1070
CHANGED ANO VAL(I) IS THE APPROPRIATE NEW VALUE OF LOGKTO(I). A 1080

A 1090
'LOGK'..OVERRIOES EXISTING ANALYTICAL EXPRESSIONS FOR LOG K AS A A 1100
FUNCTION OF T(DEG.K>, OR ENTERS NEW, PREVIOUSLY UNDEFINED A 1110
ANALYTICAL EXPRESSIONS FUR LOG K(T 0EG.K). THE FORM OF THE A 1120
ANALYTICAL EXPRESSION MUST BE A 1130

LOG KT(INT(I))=A+B*T+C/T+D*T*.*2+E/T**2 A 1140

1
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... PRGGRAM WATEOF ***► A FORTRAN IV VERSION CF WATEO A 10

1 ,

whENE T IS TEMPEKATURE IN UEG. K, 4I D A,G,C,O, At,D E ARE FIT A 1150
PARAMLTLRS (M.Y bE ZERO GR GLANK). INT(1) LS ThE INCEX NUM3ER A 1160
CF REACTION ANO INT(2)-INT(5) ARE IGNOREO. VAL(1)=A,VAL(2))8, A 11.70
VAL(3)=C,VAL(4)>0,VAL(5)>E. A 1:180

A 1190
A 1200

IF ANY OF THE CAROS, 'EROR','DELh','TABL','LCGK', ARE USEO I4 A A 1210
PARTICULAR WATER DATA SET, CALCULATIGNS FOR THAT DATA SET ANO ALL A 1220

- SUBSEQUENT GATA SETS WILL USE THE NEW I.SPUT VALUES. OELH AND'TABL A 1230
CAROS CAN bE USLO TO OVERRIGE PRE-EXISTING ANALYTICAL EXPRESSICAS. A 1240
THE CRUER GF TYPE 2 CPTIONAL INPUT CAROS IS 'CCNC','EROR','DELh', A 1250
'TAbL',ANO 'LOGK', IF ALL 5 ARE USED. THE LAST CARO IN EACH jATER A 1260
ANALYSIS DATA SET MUST BE BLANK. A 1273

A 1280
} IMPLICIT DOUBLE PRECISION(A-H,O-Z)

_ INTEGER O,E,DD,RBIT,CORALK,Z(120),PRT(4) A 1290
INTEGER PECALC,PECK A 1300
DOU0LE PRECISION

MI(120),KT(200),LOGKT(200),LOGKTC(200),MNTOT,LH2O,MU,NATCT,KT A 1310
1GT01GTOT,LITOT,NH4TOT,KW A 13.20
DOUBLE PRECISION NSPEC(120),NREACT(200) A 13
COMMON MI,KT,LCCKT,LOGKT0, KW,D,E ,DU,C,R,T,F,TEMP,A,B,PE,PES,FECC,P A 1340
IESATC,PECK,PECALC,PH,TENMPE,TENPH,ALFA(120),GAMMA(120),AP(200>,XLA A 1350
2LFA(120),Z,CUNITS(120),ANALMI(120),NSPEC,NREACT,GFW(120),DHA(120), A 1360
30H(200),AH2O,Lh20,ER'ORI, EROR2 ,EROR3,EROR4,EROR5 ,EHM,DENS ,DOX,XLMI( A 13.70
4120),ITER,RbIT,C1SAVE,CORALK,MU,LCHEK(200),C02TIT,ANALCO,SLTCT,CAT A 1380

} 50T,MGTOT,KTOT,NATOT,SO4TOT,FETOT,PTOT,ALTOT,FTOT,BTOT,LITOT,AI4TCT A 1390
6, SRTOT,BATOT,CLTOT,MNTOT,ICK,PRT,TITL(20),EPMCAT,EPMAN,NEOU,ISPEC, A 1400
7KSPEC(120),IMIN, KMIN (200),TDS,IDAVES,IPRT,JJ,JK A 1410

DIMENSION FILNAM(4)

SOLICIT INPUT FILE NAME FRCM USER

CALL GETFIL(FILNAM,LEN)

CPEN INPUT ANO OUTFUT FILES

CALL GPNRED(8,FILNAM,LEN)
CALL GPNRED(9,'SFECIES',7)
CALL OPNWRT(11,'OUTPUT',6)

JJ=U A 1420
JK=O A 14-30
D=115 A 1440
E=193 A 1450
IPRT=O A 1460
NEOU=15 A 14.70
REAO (9,50) (NSPEC(I),Z(I),GFW(I),DHA(I),I=1,D) A 1480
READ (9,60) (NPEACT(I),DH(I),LOGKTO(I),I=1,E) A 1490

10 CONTINUE A 1500
READ (8,70,END=40) TITL A 1510
ICK=O A 1520
CALL PREP A 1530
IF (ICK.E0.1) G0 TO 1C A 1540
CALL SET A 1550

2.0 CONTIP,UE A 1560

1 -
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**** PROGRAM WATEQF **** A FORTRAN IV VERSION OF WATEU A 10

CALL NODEL A 1570
IF (ITEk.E6.25) GO 7O 30 A 1580
IF (R6IT.EG.1) GC TO 20 A 1590
IF (ITER.LT.2) 130 TO 20 A 1600
CALL PPINT A 1610
IF (PRT(4).NE.O) GC TO 10 A 1620
CALL SAT A 1630
co TO 10 A 1640

3.0 WRITE(11,8G) A 1650
CO TO 10 A 1660
CONTINUE

WRITE(1,41)
41 FORMAT('TYPL: SLIST GUTPUT'/10X,'OR9/6X,'EO GUTPUT'/ 10X,'OR',

1 16X,'SPOOL GUTPUT'//)
CALL CLOSEF(8)
CALL CLOSLF(9)
CALL CLOSEF(11)
CALL EXIT

A 1680
A 1690

10 FORMAT (5X,A8,2X,I2,3X,O10.4,IX,D4.1) A 1.700
60 FOR;;AT (5X,A8,2X,2C10.4) A 1710
7,0 FORMAT (20A4) A 1.720
8.0 FCRMAT (10X,'CONVERGENCE DIO NOT OCCUR WITHIN 25 ITERATIONS , CALC A L730

IULATION TERMINATEO',///) A 1.740
ENO A 1750-

}
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') - SUBROUTINE PREF 6 10
IMPLICIT DOUBLE PRLCISIGN(A-H,0-Z)
INTLGER D,L,UU,KbIT,COKALK,Z(120),WORO,CARD(6),FLAG,PRT(4),SIGN(2) 8 20
INTEGER PEGALC,PECK a 30
DIMIENSION INT(5), VAL(S), INPT(22), GRAMS(120), LEQU(5.0), CCEF(5,2 8 40

100), V(120), IDH(5.0)9 IKTT(50) B 50
DOUbLE PRLCISION

* MI(-120),KT(20.0),LOGKT(200),LOGKTO(200),MNTO.T,LH2O,MU,NATOT,KT b 60
IGT,MGTOT,LITOT,NH4TOTsKw 8 70
DOUBLE PRECISIGN NSPEC(120),NREACT(200) B 80
COMMON MI,KT,LCGKT,LOGKTO9KW,O,E,OD,CsR,T,F,TEMP,A,l3,PE,PES,PEOC,P b 90

- 1ESATC,PECK,PECALC,PH,.TENMPE,TENPH,ALFA(12.0),GAMMA(120),AP(200),XLA B 100
2LFA(120),Z,CUNITS(120),ANALMI(120),NSPEC,NREACT,GF.W(120),OHA(120), B 11.0
3DH(200),AH20,LH2O,ERORI,EROR2,EROR3,EROR4,EROR5,EHM,DENS,DOx,XLM1( 8 120
4120),ITLR,RbtT,C1SAVE,CORALK,MU,LCHEK(200),C02TIT,ANALCO,SITCT,CAT B 130
50T,MGTOT,KTOT,RATOT9SO4TOTsFETOT,PTOT,ALTOT,FTOT,8TOT,LITOT,NF4TCT S .140
6,SRTOT,BATOT,CLTOT,MNTOT,ICK,PRT,TITL(20),EPMCAT,EPMAN,NEQU,ISPEC, 8 150
7KSPEC(12.0),IMIN,KMIN(200),TDS,IOAVES,IPRT,J.J,JK. 6 160
GATA CARO/'CONC•,•EROR•,•OELH','TABL99'LOGK•,' •/,SIGN/• •,'*•/ B '170
DATA IE0U/13 9 14,15925,26,27,36969,73,.74,75,78,79,9.0,92.35*0/ 6 :180
DATA COEF/60*0.0,13.543,-0.0401,-3000.,2*0.0,6.368,-0.016346,-3405 B 190
1.9,2*0..0,39.478,-0.065927,-12355.1,47*0.0,0.684,.0.0051295,3*0".0,28 B 200
2.6059,0.0'120.78,15.73.21,2*.0.0,0.6322,-0.0.0.1225,-2835.76,42*0.,-14.8 8 210
3435,+0..032786,+34.04.71,162*0.,-6.498,+0..02379,+2902.39,17*0.As3.10 B 220
4690.09-673.6,2*0.090.99190.00667,3*0.0,2.319,-.011.056,0.0,2.29812E B 230
5-05911*0..0,-2.95,0.0133,3*0.0,-27.393,0.0561.7,4114.0,52*0.0,-5.350 9 240
65,0.0183412,557.2461,7*0.:0,11.17,-0.02386,-3279.0,542*0.0/ 8 250

)

)-

1
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***+ FRJGRAM W ATE6+F **** A FORTkAN IV VERSION OF ,I ATEO A 10

GATG CCEF/E0*0.01s0, 13.54300, -0.040100, -3000.00, 2*0.000,
* 6.36EDC, -0.61b34600, -3405.900, 2=0.000, 39.47800, -0.06552700,
* -12355.10.0, 47*0.000, 0.68400, 0.005129500, 3=0.000 , 28.605500,
* 0.01207800, 1573.21D0, 2*0.000 , 0.632200, -0.00122500,-2835.7600,
* 42*0.00, -14.t43500, +0.03278600, 3404.7100, 162*0. 00, -6.4980.0,

-j * 0.0237900, 2902.3900, 17*0.0D0, 3.10600, 0.000 , -673.600 , 2*0.00,
* 0.99100, .0.0066700, 3*0.000, 2.31900, -0.1105600, 0.000,
* 2.298120-05, 11= 0.000 , -2.95001 6.013300, 3*0.000, -27.39300,

0.0561700, 4114.01,0, 52* 0.000 , -5.350500, 0.018341200,557.246100,
* 7*C.000, 11.1700, -0.0238600, -3279.000, 542* 0.000/

CATA IiNPT/1,2,3,4,5,6,7,35,8,45,88,62,17,18,39,51,81,85,87,90,98,1 8 260
101/ 6 270
C=2.302585.09200 B 280
F=23.060300 8 290
R=1.987190-03 8 300
EROR1=.001í;0 B 310
ERCR2=.0.0100 8 320
EROR3=.00100 B 330
ERCk4=.00100 B 340
ERGk5=.001D0 B 350
ICK=O B 360
FED0=100.0DO B 370

�- PESAT0=100. 000 8 380

PES=100.000
00 10 I=1 4C B 400
CUNITSII)= 0.0 8 410
ALFA(I)=O..O B 420
MI(I)=0.0 B 430
XLMI(I)=0.0 0 440
IF (Z(I).EG.G) V(I)=1.0DC 5 450
IF (Z(1).EG.0) GO TO 10 B 460
IF (L(1).LT.0) V(I)=-1.000*Z(L) 5 470
IF (Z(I).GT.0) V(I)=1.000*Z(I) 6 480

L'0 CGNTINUE B 490
PECK=O 8 5.00
WRITE(11,620) 3 510
READ (8,63.0) TEMP,PH,EHM,EHMC,E(MFZ,DENS,DOX,FLAG,CORALK,PECALC,IGO B 520
1,(PRT(I),I=1,4),IDAVES,ISPEC,IMIN B 530
IFLAG=FLAG a 540
IF (IPRT.EO.1) PRT (1)=1 8 550
IF (PRT(1).NE.0) GO TO 70 6 560
AR1TE(11,640) 8 570

D0 30 1=1,L 8 580
ISIG=SIGN(1) B 590

00 20 J=1,NEQU B 600
IF (I.EG.IEGU(J)) ISIG=SIGN (2) 6 610

20 C•0?iT1ÍNUE 6 (320
WRITE(11,650) I,NREACT(I),OH(I),LOGKT0(I),ISIG,I,NSPEC(I),Z(1),

1 OhAII),GFW(I) 8 640

3.0 CONTINUE 6 650
00=0+1 3 660
00 50 1=00,E B 670
ISIU=SIUN(1) 8 680

00 40 J=1,NEQU 8 690
IF (I.EQ.IEGU(J)) ISIG=SIGN( 2) a .700

40 CONTINUO 6 710
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>(_ _*** PROGRAM WNTE.,F **** A FORTRAN IV VERSION CF WATEC A 10

WNITE(11,660) 1,NREACT(1),OH(I),LOGKTO(I),ISIG B 720
50 CONTINUL B .730

1.RITE(11,570) B 740
DO 60 1=1,NEGU B 750
WRITE (11,580) IEGU(I),NREACT(IEC)L(I)),COEF(1,IEQU(I)),

* COEF(2,1LGU(1))
1,COEF(3,IECU(I)),CCEF(4,IEGU(I)),CCEF(5,IEGU(I)) 8 770

fi0 CONTINUÉ 8 780
} - 7.0 CONTINUE 6 •790

IPRT=1 6 800
WRITE (11,670) TITL 8 810
READ (8,b80> (CU1,ITS(I4.PT( 1)),I=1,12) 8 820
LF (ISPEC.GT.0) REA0(3,590) (KSPEC(I),I=1,ISPEC) , B 830
IF (IMIN.GT.C) READ(8,590) (KMIN(I),I=1,IMIN) 8 840

�• 8.0 READ (8,690) WORG,tINT(I),VAL(I),I=1,5) 8 850
IF (WORD.NE.CARD(1)) GO TO 100 B 860
DO 90 I=1,5 B 8.70
IF (INT(I).LG•U) GO 70 90 B 880
CUNITS(INT,(I))=VALtI) B 890

.90 CONTINUE B 900
GO TO 80 6 910

1.E0 CONTINUÉ B 920
IF (WORD.NE.CARO(2)) GO 70 110 B 930
ERORI= VAL(1) B 940
EROR2=VAL(2) B 950
EROR3=VAL( 3) 8 960
EROR4=VAL( 4) 8 9.70
EROR5=VAL (5) 6 980
REAO ( 8,690 ) WOR0,(INT(I),VAL( 1),I=1,5) B 990
GO TG 100 E 1000

11.0 IF IWORG.NE.CAFLt3)) GO TO 130 6 1010
00 120 1=1,5 8 1020
IF (INT( I).EG.0 ) GO TO 120 B 1030
GH(INT(I))=VAL(I) 8 1040
JJ=JJ+ i B 1050
IOH(JJ)=INT( I) 6 1.060
WRITE(11,700) iNT(I),NREACTIINT(I)),VAL( I) 8 1070

1 2. 0 CONTINUÉ 5 1080
REAO(8,b90) WORD,(INT(I),VAL( I),I=1,5) 8 1090
GO TO 110 8 1100

13.0 IF ( WORO .NE.CARU(4)) GO TO 150 8 1110
DO 140 I=1,5 E. 1120
IF (INT(I).EG.C) GO 7O 140 6 1.130
LOGKTO (INT(I))=VAL(I) 8 1140
JK=JK+1 8 1150
IKTT(JK)=INT(I) 6 1160
WRITE(11,710) INT(I),NREACT(INT(I)),VAL(I) B 1170

14.0 CCNTINUE B 1160
READ ( 8,690 ) WOK0,(INT(I),VAL(I),I=1,5) 6 1190
GO TO 13. 0 6 1200

15.0 CONTINUE B 1210
6 1220
3 1230

} VANT HOFF EGUATION FOR EFFECT OF T GN K 6 1240
8 1250

T=TENP+273. 1600 8 1260
C1=(298. 1600 -T)/(298.1600*T*C*R) 8 1270
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**** PROGRAM WUTLCF **** A FORTRAN IV VLRSION OF WATEQ A 10

00 170 I=1,E 8 1280
LOGKT(1)=LCGKTO ( I)-Oh(1 )* C1 B 1290
LChEK(I)=0 8 1300
IF (LCGKT (I>.LT.-77. 000.0R . LOGKT(I).GT.75 . 000) LCHEK(I)=1 8 1310
IF (LCHEK ( I).EG.1 ) GO TO 160 8 1320
KT(I )= 10.D.0 **LCGKT( I) 8 1330

16.C CONTINUrI B 1340
17,0 CONTINUE 8 1350

KW=KT(153 3 1360
B 13.70
B 1380

ANALYTICAL EXPRESSIONS FOR EFFECT OF T ON K B 1390
18.0 IF ( WORC . NE.CAKO ( 5)) GC TO 220 B 1400

IF (INT ( 1).EQ.5 ) GO TO 210 B 1410
DO 190 . 1=1,5 B 1420
COEF ( I,INT (1))=VAL (I) B 143.0

1.90 CONTINUE 8 1440
IEQ=0 8 1450
00 20 . 0 I=1,NEQU 8 1460
1 F (IE C. U ( I).EQ.INT(1>) I E 0 = 1 B 1470

} 2.00 CONTINUE 8 1480
IF (IEQ.EQ . 0) NEQU=NEQU + 1 6 1490
IF (IEG . EQ.0) IEQU ( NECU)=INT(1) 8 1500
WRITE ( 11,720) INT(1),NREACT(INT ( 1)),COEF ( 1,INT ( 1)},COEF ( 2,INT ( 1)), 6 1510
1COEF ( 3,iNT ( 1>>,COEF ( 4,INT(1 )), COEF ( 5,INT(1 )) 8 1520

2110 CONTINUE 8 1530
READ ( 8,690 ) WOR0,(INT(I ), VAL(I),I=1,5) 8 1540
GO TO 180 6 1550

12.0 CONTINUE B 1560
IF (WORD.EG.CARO ( 6)) GO TO 230 B 1570
WRITE ( 11,600) 8 1580
READ ( 8,690 ) WGRD ,( INT(I ), VAL(I ), I=1,5) 8 1590
GO TO 220 B 1600

?3.0 CONTINUE B 1610
UO 280 I = 1,NEQU 6 1620
IF (JJ. EQ..0) GC TO 250 8 1630
DO 240 I1 = 1,JJ 8 1640
IF (IEQU ( I).EQ.IDH ( I1)) GO TO 280 8 1650

-!40 CONTINUE 6 1660
5.0 IF ( JK.EQ . O) GC TO 270 8 1670

00 260 I1=1 , JK 6 1680
IF (IEGU(I).EG.IKTT (I1)) GO TO 280 B 1690

.60 CONTINUE 8 1700
_57,0 CONT INUE 8 1.710

LOGKT ( IEGU(I )>= CCEF ( 1,IEQU ( I))+COEF ( 2,IEGU ( I)l*T+CGEF ( 3,IEQU(I)l/T 8 1720
1+COEF(4,IEQU ( Il)*T*T + COEF ( S,IECU ( I)l/(T*T) 8 1.730
IF (IEGU ( I).EQ.26 ) LOGKT(26)=LOGKT(26)+OLOG10(KW)-13 . 2258D0 * 0LCG10 8 1740

1<T) 6 1750
KT(IE (: U(I))=1.C1 **( LOGKT ( IEQU ( I>)) 8 1760

80 C'ONTINUE B 1770
8 1780
8 1.790

CALCULATION OF ANALYZED MOLALITY 8 1800
IF (FLAG.NE.0) GO TO 300 8 1810
00 290 1 =1,22 8 1820
CUNITS ( INPT ( I))=CUNITS ( INPT ( I))*GFW ( INPT ( I)> 8 1830

90 CONTINUE B 1840

_
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**** PROGRAN WATEQF **** A FGRTRAN IV VERSION OF WATEO A 10

FLAG= 2 8 1850
GO TO 320 8 1860

OA C0NTI(•.UE B 1870
IF (FLAv.NE.1) GO TO 320 8 1880
00 31. 0 1=1,22 B 1890
CUNITS(INPT(I))=CUNITS(INPT(I))*GFw(INPT(I))/V(INPT( I)l 8 1900

LO CONTINUE 3 1910
FLAb= 2 B 1920

-_a0 CONTINUE 3 1930
IF (FLAG.NE.2) GO TO 340 B 1940
DO 330 1 = 1,22 B 1950
CUNITS(INPT(I))=CUNITS(INPT( I))/CENS 6 1960

:•3.0 CCNT INUE 6 1970
FLAG= 3 8 1980

:4.0 CONTINUE 8 1990
IF (FLAb.NE.3) GO TO 370 B 2000
C1=0.0 B 2010
00 300 I=1,22 8 2020
C1=CI+CUNITS(INPT( I)) 3 2030

--�50 CONTINUE B 2040
) CISAVE=C1 6 2050

0.1=1.0001(1.000 - 1.00-06*C 1 SAVE) 8 2060
DO 360 I=1 ,22 8 20.70
MI(INPT(I))=(C(iNITS(INPT(I))/(1.00+G3*GFW(INPT(I))))*C1 8 2080
IF (MI(INPT(I)).GT.O.000) XLMI(INPT(I))=DLOG10(MiI(INPT (I))) B 2090
GRAMS ( INPT (I))=CUNITS(INPT(I))* DENS B 21 00

X6.0 CONTINUÉ 8 2110
C1=1.000/ C1 B 2120
GO TC 410 B 2.130

7.0 CONTINUÉ B 2140
C1=0.000 8 2150
IF (FLAG.NE.4) GO TO 530 9 2160
00 390 J=1 , 3 B 21.70
C2= 0 .ODO B 2180
0 1=1.000 -C1*1.00- 06 B 2190
00 380 I=1,22 0 22.00
MI(INPT (1))=CUNITS(INPT( I)) 8 2210
C2=C2+MI(INPT(I))*GFW(INPT( I))*1 0 0O . C0*C1 8 2220

8.0 CONTINUÉ 9 2230
C1=C2 B 2240

_90 CONTINUÉ B 2250
CISAVE=C1 B 2260
C1=(1.000 - CISAVE*1. 00-06) B 2270
DO 400 I=1 , 22 6 2280
GRAMS (INPT(I)1=MI(INPT( I))*1000 .*GFW(INPT( I))*C1 B 2290
IF (MI(INPT(I)).GT.0.CDO) XLMI(INIPT(I))=DLOG10(MI(INPT( I))) B 2300

D0 CONTINUÉ 8 231.0
..1:0 CONTINUt B 2320

TOS=0. 000 8 2330
DO 420 I=1, 22 9 2340
ANALMI (INPT(I))=MI(INPT( I)) 8 23.50
TDS=TUS+GRAMS(INPT( I1) 6 2360

a0 CONTINUÉ 3 2370
EPMCAT=0. 000 B 2380
EPMAN = 0.00.0 6 2390

8 2400
8 2410

1
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**** PROGRAM .ATEGF •*** A FORTRAN IV VERSION UF WATEO A 10

CALLULATION 0F CATION-NNIDN BALANCE 0 2420
DO 430 I=1,22 8 2430
IF (Z(INPT(I)).GT.C) GG TU 425 B 2440
EPMAN = EPMAN - Z(INPT(I))*MI(INPT ( I))*C1 B 2450
00 TO 430 B 2460

X25 EPMCAT=£PMCAT+Z(INPT(I))*MI(INPT(I))*C1 8 2470
�.0 COrTINUE 0 2480

EPMCAT=EPMCAT*1000.D0 6 2490
E P M AN=EPMAN*1000.D0 6 2500

B 2510
6 2520

CALCULATI0 1v CF Eh FROM FIELO DATA B 2530
IF (EHM.LT.9.0LO) GO TO 470 6 2540
IF tEMFZ.GT.9.0D0) GO TU 440 B 2550
C1=0.429D0 +2.40-03*(25.000 -TEMP1 - EMFZ 8 256
G0 TO 45,3 B 2570

44.0 C1=0.24400 +8.b.-04*(25.0D0 -TEMP) B 2580
-=5.0 CCNTINUE 8 2590

IF (EHMC.LT.9.000 ) GO TU 460 6 2600
GO 70 470 B 2610

1,60 EHM=EHMC+C1 B 2620
170 CONTINUE B 2630

PEER=EHM/(C*R*T/F) B 2640
IF (PECALC. E8.0) PE=100. B 2650
IF (PECALC.EC.C.ANU.MI(8).GT.0.000.OR.PECALC.EO.O.AND.MI(1 0 1)

* GT. 0.00 .0) PE = 0 . 00.0 /* CW
IF(PECALC.EG.O AND. MI(8).GT.0.00 OR. PECALC.EO.0 .AND.

* MI(101).GT.O.0D.0) WRITE(11,560) /* CW
IF (EHM.oE.9.0UU) PEER=100.00 8 2700

) WRITE(11,620)
WRITE(11,730)
WRITE(1,740) TEMP,PH,EPMCAT,EPi4AN 8 2730
WRITE(11,750) iiOx,EHMC,EMFZ,IFLAG,CORALK,PECALC,IDAVES,EHM,FEE- 8 2740
IF (PECALC.EG.1) PE=PEER B 2750
WRITE(11,620)
WRITE(11,760)
00 480 I=1,22 B 2.780
IF (MI(INPT(I)).LE.0.OD0) GO TO 480 8 2790
WRITE(11,790) P:SPEC(INPT(I)),Z(INPT(I)),MI(INPT('I)),XLMI(INPT(I)), 6 2800
1GRAMS(INPT(1)) B 2810

480 CONTINUE 8 2820
WRITE(11,b20)
WRITE(11,620)
IF (PRT(2).NE.0) GO TO 490 B 2850
WRITE(11,b20)
WRITE(11,770)

4.9.0 CONTINUE 8 2880
IF (IGG.EG.1) GO 70 500 8 2890
IF (PH.LT.3.000.OR.PH.GT.II.ODO) GO TO 540 B 2900
DUM=((EPMCAT-EPMAN)/(1.00 +EPMCAT+EPMAN))*100.00 8 2910
IF (DAOS( DUM).GT.30.00 ) GO TO 540 6 2920

5(10 CONTINUE B 2930
8 2940
6 2950.

TEMPERATURE EFFECTS ON DEBYE-HUCKEL SOLVENT CONSTANTS B 2960
S1=374.11D.0 -TLNP 8 2970
S2=S1**0.333333 B 2980
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**** PFOGRAM WATE(1F **** A FORTRAN IV VERSION OF WATEG A 10

S3=DS U RT((1 . U0+.134248500 * 52-3.9462630 - 03*S1 )/( 3.197500 -. 3151548DO 6 2990
10*S2 -1.2G33740-3*S1+7 .48908U-13*S1**4 )) E 3000
IF (T. LT.373 . 16U0 ) GO TO 510 8 3010
C1=5321 0 0 / T+233.76D0 - T*(T*(8.2920 - 7*T-1.4170-3)+'.929700) B 3020
GO TO 520 B 3030

} 5L0 C1=87 . 7400 - TEMíP *( TEMP* ( 1.410 - 6*TEMP - 9.398D -4)+.4008U0) 6 3040
520 CONTINUE 8 3050

C1=DSGRT ( C1*T) 8 3060
A=18246 . 00.02 * S3/(C1**3) 8 3070
8=50.29 6 0 * S3/C1 8 3080
GO TC 550 B 3090

__530 WRITE ( 11,78C)
ICK=1 6 3110
GO TO 550 3 3120

)540 WRITE ( 11,b10)
ICK=1 8 3.140

55.0 CONTINÚE 8 3150
RETURN 8 3160

8 3170
ti 8 3180
C 6 3190

56.0 FGRMAT ( 1OX,'IRON AND / OR MANGANESE HAVE BEEN SPECIFIED WITHOUT RED 8 3200
IOX INFORMATION , PE HAS LEEN SET TO ZERO ',/) 8 3210

570 FORMAT (//, 15X,'"*" OEHOTES THAT AN ANALYTICAL EXPRESSION FCR KT F B 3220
lAS BEEN USED ',////, 20X,'SUMMARY OF ANALYTICAL EXPRESSIONS OF TH E F 8 3230
2ORM LOG K = A+b*T+C/T+D*T**2 + E/T**2'///,23X ,' I NREACT A B 3240

�. 3 B C 0 E'/> 8 3250
58.0 FORMAT ( 22X,13 , 2X,A8 , 3(1X,O11 . 4),2(1X,1PO11 . 4)) 3 3260
5.9.0 FORMAT ( 1615) B 3270
600 FORMAT (/9 1GX,'kARNING--- INPUT ERROR , SEARCHING FOR BLANK CARG ') 8 3280
6LO FORMAT (/, 1OX,'wARPJING --- CHECK INPUT PH AND/CR CATION - ANION 8ALANC 5 3290

1E ...CALCULATILN TERMINATED') 6 3300
6 2-0 FORMAT (/1) 8 3310
63.0 IORMAT ( 5(06.0,1X),205 .9 ,1X,911 , 2 1 3) 8 3320
640 FGRMAT (//, 60X,' ----',/, 60X,•DATA ',/, 60X,.•----*,/./,18X ,' I',2Xr'NRE 8 3330

1ACT ', 9X,'OH ', 8X,'LOGKTO ', 36x,'I ', 2X,'NSPEC ', 6X,'Z',2X ,' DHA',6X ,' GF 6 3340
2W',/) 8 3350

65.0 FGRMAT (1H ,ISX, I3,2X , A8,2(2X , 010.4 ), A1,32X , 13,2X,A8,2X , I2,2x , F3.1 8 3360
1,2X , O1G.4) 8 3370

661 FORMAT ( 1H ,15X , I3,2X,A8,2(2X,D10.4),A1) B 3380
67,0 FORMAT ( 1H1,(5X , 20A4 ),//) 8 3390
680 FORMAT ( 6(U12 . 5), 8 X) 8 3400
69.0 FORMAT ( A4,1X , 5(I3,G12 . 5)) 8 34 1. 0
700 FORMAT ( 5X,'NEW DATA *** DELTA H FOR REACTION ', I3,1X , A8,' HAS EEE 6 3420

1N CHANGED TO ',D9 . 4) 8 3430
711 FORMAT ( 5X,'NEW DATA *** LOGKTO FOR REACTION ',i I3,1X,A8,' HAS SEE 8 3440

1N CHANGEO TO ',U9 . 4) 8 3450
720 FORMAT (5x,'NE'w DATA *+* LOGKT FGR REACTION ', I3,1X , A8,' _ ',IPE 6 3460

111.4 ,'+', 011.4 ,** T+',D11 . 4,'/T+',D11.4,'*T**2+',D11 . 4,•*T**2') 8 34.70
7-30 FORMAT (57x,'---------------- ',/,57X,' INITIAL SOLUTION ',/, 57X,'--- 6 3480

1-------------',///) B 3490
74.0 FGRMAT (11X,'TEMPERATURE _ ', F6.2,' DEGREES C PH = ',F6.3,' 6 3500

lANALYTICAL EPMCAT = ' , F8.3 9 ' ANALYTICAL EPMAN = ',F3.3,//) B 3510
750 FORMA. T (11x ,'***** OXIUATION - REDUCTION ***** 4 ,///,11x,'OISSCLVED 8 3520

1 OXYGEN = ', F6.3,' MG/L' /11X ,' EH MEASUREO WITH CALOMEL = ', F7.4,' 8 3530
2 VOLTS ', 30X,'FLAG CCRALK PECALC IDAVES',/,11X,'MEASURED EH 0 B 3540
3F ZOBELL SOLUTION = ', F7.4,' VOLTS ', 26X,i1 , 8X,11 , 7X,I1 , 7X,I1 ,/, 11X 8 3550

1
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**+* PROGRAM WATEOF **** A FORTRAN IV VERSION OF WATEQ A 10

} 4,'CÜRRECTED EH = ',F7.4,' VULTS',/,11X,'FE COMPUTEO FROM CORRECTEO 6 35605 EH = ',F7.3,/) 8 35.7076O FORMAT (40X',9*** TOTAL CONCENTRATIONS OF INPUT SPECIES ***9 9//,50X 6 35801,'TO•TAL',13X,'LUG .TOTAL',12X,*TOTAL',/,33X,'SPECIES',8X,'MOLAL.IT.Y* 6 35902,12X,'MOLALIT .Y',11X,'MG/LITRE ',/, 33X9'------ -* i 8 X9'--------9 , 12X,' 8 36.0.0
3--------',11X,'--------',/> 6 3610.770 FORMAT (50'X,'*** CONVERGENCE ITERATIONS *.**',//916X,9'I.TERATION*,4X 8 3620
1,'S1-ANALCU3',6X9'S2-SO4TOT'98X9'S3-F,TOT',9X,'S4-PTOT',9X,'S5-CLTO 8 36302T',/) 8 3640

780 FORMAT (10X,'INPUT ERROR ---UNITS OF CONCENTRAT.ION ARE NOT KNOWN',/ a 3'650
1//) 8 3660

79L0 FORMAT (1H 932X9A8,I3,3X,1PD12.5,8X,OPDll.4,7X,1PDl2.5) 6 3670
ENO B 3680-

.SUBROUTINE SET C 10
IMPLICIT DOUBLE PRECISION(;A-H,O-Z)
INTL6£R O,L9DU,REIT,CORALK,Z(120),WORU,CARU(6),FLAG,PRT(4),SIGN(2) C 20
INTEGER PECALC,PECK C 30
DIMENSION 1NT(5), VAL(S), INPT(22), GRAMS-<120), IEQU(50), CGEF(5,2 C 40

100) C 50
DOUBLE PRECISION

* MI(•120),KT(200)9LOGKT(200),LOGKTO(20.0),MNTOT,LH2O,MU,NATOT,XT C 60
1OT,MGTOT,LITOT,NH4TGT,KW C 7.0
O'OUBLE PRECISION NSPEC(120),NREACT(200) C 80
COMMON MI,KT,LOGKT,LOGKTO,Kif,D,E,DU,C,R,T,F,TEMP,A,b,PE,PES,PEOC,P C 90
LESATC,PECK,PECALC,PH,TENMPE,TENPH,ALFA(12.0),GAMMA(120),AP(200),XLA C 00
2LFA(120),Z,CUNITS(120),ANALMI(120),NSPEC,NREAC.T,GFN(120>,OHA(120), C 11 0
30H(200),AH2O,LH20,EROR1,EROR2,EROR3,ER0R4,EROR59EHM*DENS900X9XLMI( C :120
4120),ITER,RbIT,C1SAVE,C0RALK,MU,LCHEK200),C02TIT,ANALC09SITCT,CAT C :130
50T,MGTCT,KTOT,NATGT,SO4TOT,FETOT,PTOT,ALTOT9FTOT9BTOT9LITOT9NH4TCT C -14.0
6,SRTOT,BATOT,CLTOT,MNTOT,ICK,PRT,TITL(20)9EPMCAT,EPMAN9NEQU9ISP..EC9 C •150
7KSPEC(12.0),IMIN,KMIN(200)9TDS,1DAVES9IPRT,JJ,JK C 1 6, 0

C 1.70
C - C 180
C INITIALIZE STARTING VALUES FOR ITERATIVE LOOP C -190

AH2O=1. 0 C -20.0
00 1. 0 1=1,D C 210
GAMMA(I)=1.000 C 220

DO CONTINUE C .230
C02TIT=MI(.7)+2.000*MI(18) C 240
ANALC0=C02TIT c 250
1F (CORALK.EQ.2) CO2TIT=M1(7)+MI(18)+MI(86) C .260
SilTOT=M1(35) C 27.0
CATOT=MI(1) C 280
IGTO.T=MI(2) C 290
NATOT=MI(3) C 300
KTOT=MI(4) C 310
SO4TOT=MI(6) C 320
FETO•T=MI<8) C 530
PTOT=MI(45) C 340
PIONIC=PTOT C 350
ALTOT=MI( 51) C 360
FTOT=MI(62) C 37.0
BiTOT=MI (87) C 380
LITOT=MI(81) C 390
NH4TOT=MI(39) C -400
SRTOT=MI(88) C -410
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+*** PROGRAM .JATEGF *+* A FORTRA'i IV VERSION OF WATEC A 10

bATOT = MI(90) C 420
CLTGT=MI ( 5) C 430
MNTGT=MI ( 1.O1) C 440
MI(35 )= G.0DO C 450
MI(87)=0.000 C 460
TENPH = 10.00 ** PH C 470
ALFA ( 64)=1.0 . 00**(-PH) C 480

C 490

1 C 500
CALCULATION OF ANION ACTIVITIES EXCEPT C02 AND P04 SPECIES c 510
ALFA ( 5)=MI(5 )* GAMiMA ( 5> C 520
ALhA(6)=MI ( b)*UAMMA ( 6) C 530
ALFA ( b2)=MI(62 )* GAMNIA ( b2) C 540
ALFA ( 65)=MI(85>*GAMMA ( S5) C 550
ALFA ( 98)=MI ( 98)*GAMMA ( 98) C 560
ALFA ( 27)=AH2O * K«*TENPH C 570
MI(27 )= ALFA ( 27>/GAMMA ( 27) C 580
N;I(64 )= 1.00/(TENPH * GAMMA(64)) C 590
ALFA ( 63)=ALFA (6)* KT(90 )/ TENPH C 6.00
MI(63 )= ALFA ( 63)/GAMMA ( 63) C 610

C 620
C 630

C02 SPECIES C 640
IF (CORALK.EG.2) GO TO 2G C 650
C1=2.000 * TENPHi(GAMMA(18)*KT ( 69)) C 660
MI(7>=C02TIT /( 1.D0+GAMMA ( 7)*C1) C 670
C2=KT ( 36)/(TENPH*GAMMA ( 86)) C 680
ALFw ( 7)=MI(7 )* GAMMA ( 7) c 690
MI(18)=C1*ALFA ( 7)/2. C 700
MI(86 )= C2*ALFA ( 7) C 710
ALFA ( 18)=MI ( 18)*GAMiN A(1b) C .720
ALFA( 86)=MI ( 86)*GAMMA ( 86) C 730
GO TO 30 C 740

2.0 CONTINUE C 750
MI(7)=CO2TIT /( I.DO+GAM'A(7)*((KT(36)/(TENPH * GAMhMA ( 8b )))+ TENPI-/(KT( C 760

169)* UAMMA ( 18)))) C 770
MI(18)=MI ( 7)*GAMMA ( 7)*TENPH /( GAMMA ( 18)*KT ( 69)) C 780
MI(86)=MII ( 7)*GAMtIA ( 7)*KT(36 )/( TENPH * GAMHA ( 86)) C 790
ALFA( 7)=MI(7)*GAMMA ( 7) G 800
ALFA ( 18)=MI(18)*GAMMA ( 18) C 810
ALFA ( 86)=MI ( 86)*GAMMA ( 86) C 820

•10 CONTINUE C 830
r,. C 840

C 850
PHCSPHATE SPECIES C 860
MI(45 )= PTOT /( 1.D0+(KT ( 17)*GAMMA(45)/(GAMMAl48 )* TENPH ** 2))+(KT(16)* C 870
1GAMMA ( 45)/(TENPH*GAMMA ( 47)))) C 880
ALFA ( 45)=Ml(45)*G1MMA ( 45) C 890
ALFA ( 47)=KT ( 16)*ALFA ( 45)/TENPH C 900
NI(47)=ALFA ( 47)/GAMMA(47) C 910
ALFA ( 48)=KT ( 17)*ALFA ( 45)/(TENPH ** 2) C 920
MI(48 )= ALFA ( 48)/GAMMA ( 48) C 930
ITER=O C 940
RETURN C 950
ENO C 960-
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**** PROGRAM WMTEQF **** A FORTRAN IV VERSION OF 'WATEQ A 10

SUBROUTINE MODEL D 10

IMPLICIT 000bL. PRECISION(A-H,O-Z)
INTEGER O,E,OO,kBIT,CORALK,Z(120),LIST(8),LIST1(5),LIST2(18),LIST3 0 20

1(6),PRT(4),PECMLC,PECK 0 30
OOUBLE PRECISION

* t1I<120),KT(200),L0GKT(200),LCGKTO(200),MNT0T,LH2O,MU,NAT0T,KT D 40
10T,MGTOT,LITOT,NH4TOT,KW,MUHALF,LIALK(9) D 50
DOUbLE PRECISION NSPEC(120),NREACT(200) D 60
DIMENSION NPAIR(5), L1M(9), LLK(9), L1C(9), LIA(9), L2M(13), L2K(1 0 70
13), L2C(13), L3M(7), L3K(7), L3C(7), L4M(14), L4K(14), L4C(14), L4 0 80
2A(14), L5M•(9), L5K(9), L5C(9) 0 90
COMMON MI,KT,LOGKT,LOGKTO,KW,D,E,DO,C,R,T,F,TEMP,A,B,PE,PES,PE00, P 0 100
1ESATO,PECK,PECALC,PH,TENMPE,TENPH,ALFA(120>,GAMMA(120),AP(200),XLA 0 110
2LFA(120),Z,CUNITS(120),ANALMI(120),NSPEC,NREAC.T,GFW(120),OHA(120), 0 120
3DH(200),AH2O,LH2O,EROR1,EROR2,EROR3,EROR4,EROR5,EHM,DENS,DOX,XLMI( 0 130
4120),ITER,RL-IT,CISAVE,CORALK,MU,LCHEK(2O0),CO2TLT,ANALCO,SITCT•,CAT 0 140
50T,MGTOT,KTOT,NATOT,SO4TOT,FETOT,PTOT,ALTOT,FTOT,BTOT,LITOT,NH4TOT D 150
6,SRTOT,BATOT,CLTOT,MNTOT,ICK,PRT,TITL(20),EPMCAT,EPMAN,NEQU,ISPEC, 0 160
7KSPEC(12.0),ININ,KMIN<200),TDS,IOAV£S,IPRT,JJ,JK 0 17.0
DATA LIST/17,35,66,70,71,72,84,87/ 0 180
DATA LIST1/42,43,44,50,94/ D 190
DATA LIST2/8,9,10,11,12,13,15,16,28,33,34,65,7.7,78,79,80,100,99/ D 200
DATA LIST3/62,83,88,89,90,91/ D 210
DATA L1M/7,21,22,30,31 9 42,43,86,111/,L1K/69,74,75,78,79,70,71,36,1 0 220
167/,L1C/64,2,2,1,1,3,3,64,101/,L1A/18,18,7,7,18,:18,7,7,7/,LIALK/1. 0 230
20,2.0,1.0,1.0,2. 0,2.0,1.0,.0.0,1.0/,L2M/15,23,32,34,44,•46,59,60,63, D 240
383,92,96,1.09/,L2K/5,76,24,9,72,73,88,89,90,127,132, 136,165/,L2C/8, 0 250
42,1,8,3,4,51,51,64,81,39,64,101/,L3M/20,55,56,57,58,108,49/,L3K/23 0 26.0

,- 5,84,85,86,87,164,80/,L3C/2,51,51,51,51,101,.1/,L4M/13,40,41,47,48,5 D 2.70
60,61,65,73,74,75,76,99,IOO/,L4K/140,124,125,.16,1.7,31,33,121,34,35, 0 280
7122,123,157,139/,L4C/8,2,2,64,64,3,4,8,2,1,1,1,8,8/,L4A/47,45,n48,4 0 290
85,45,47,41,48,47,47,45,48,48,47/,L5M/16,28,33,93,94,95,103,104,105 0 300
9/,LSK/6,7,6*133,134,135,159,16O,161/,L5C/8*8,8,64,3,4,101,101,10l/ 0 310
$,NPAIR/9,13,7,14,9! 0 320
ITER=ITER+1 0 330

D 340
0 350

CALCULATION OF TOTAL MOLALITY ANO AH2O 0 360
J=1 0 370
C1=0. 0 O0 0 380
OP1 = 1.000
OP2 = 2.00.0
0P3 = 5.000
DP4 = 4.000
DO 20 1=1,0 0 390

} IF (I.EQ.LIST(J)) GO TO 10 0 400
_ C1=C1+MI(I) D 410

GO TO 20 0 420
LO J=J+1 0 430
2.0 CONTINUE 0 440

AH2O=0P1-0.U17UU*C1 0 450
LH2O=ULOG10(AH �: O) 0 460
IF (OUX.GT.O.ODO) PEDO=-(DLOGiO(KT(152))+PH+0.500*LH2O-0.2500* D 480

1DLOG10(D 0 X/32.03))
IF (UOX.UT.0.Uú0) PLSATO=-(OLOG10(KT(137))+PH+0.5D0*LH2O-0.2500•

10LOG10(DOX/32.003)) D 500

IF (PECALC.EG.2) PE=PEDO O 510
IF (PECALC.EG.3) PE=PESATO 0 520
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**** PROGRAM .fi+TcGF **** A FORTRAN IV VERSION OF WATEO A 10

530
0 540

CALCULATION OF ACTIVITY COEFFICIENTS 0 550
MU=0.000 0 560
J=1 D 570
DO 40 I=1,0 0 580
ZSGR = UBLL(FLCAT(Z(I)*Z(I))) /* Cd
IF (I.EG.LIST(J)) GO 70 30 0 590
MU = MU + 0.500*MI(I)*ZSGR /* CW
GO TG 40 0 610

30 J=J+1 0 620
40 COF.TINUE D 630

MUHALF=OSúRT(h(U) 0 640
C1=-A*4 . 00.0*MUHALF D 650
GAMNA(1)=1.01**(C1/(1UC+6*5.00*MUHALF)+0.16500*MU) 0 660
GAMMA ( 2)=1.01* *( C1/(1.DG + B*5.500 * MUHALF )+ 0.200 * MU) 0 670
GAMMA ( 3)=1.Dl**( - A*MUHALF/(1.00+B*4 . 00*MUHALF )+ 0.07500 * MU) 0 680
GAMMA ( 4)=1.D1**(-A*t9UhALF /( 1. 00 +E*3.5DO*MUHALF )+ 0..01500*MU) 0 690
GAMMA ( 5)=GAMMA ( 4) D 700
GAMMA ( 6)=1.01** ( C1/(1D0 + 8*5.DO * MUHALF )- 0.0400*MU) D 710
CO 60 I = 8,0 0 720
ZSGR = CBLE(FLOAT(Z(I)*Z(1)))
IF (Z(I).EG.0) GO TG 50
IF•tIDAVES.EG.1) GAMNA(I)=1.01**(-A*ZSGR*((MUHALF/(DP1+MUHALF)

1-0.300 * MU))) /* CW D 750
IF (IDAVES.EG.1) GO TO 60 D 760
G4MMA ( I)=1.D1**(-A*MUHALF*ZSGR /( 1.00+0HA ( I)*8*MUHALF )) 1* C'd
G0 TC 60 0 17 80

50 GAhShlA ( I)=(10.00 )** c0.100 * MU) D 790
6.0 CONTINUE 0 800

GAF.MA(7)=1U1**(-A*MUHALF*Z(7)**2/(100+UHA(7)*B*MUHALF)) G 810
GAMM,A(18)=lUl**(-A*h,UhALF*Z(18)** 21(100+0.HA(18 )*8*MUHALF)) D 820
GAMMA(86)=1.01**(MU*(170.01D0/T-.879800+.001393500*T)
+NU*MU*(28.8100/ T-.210800 + . 000364100* 7 ))

0 850
C D 860

SULFUR SPECIES kNO PE CALCULATION FROM S 0 870
C1=T(92)*TENPF-/ GAMMA ( 67) 0 880

�- C2=KT(92)*KT(93)*TENPH**2/GAMMA(68) 0 890
MI(14 )=MI(17)/( 1.00+GAMMA ( 14)*(C1 + C2)) 0 900
ALFA(14)=MI(14)*GAhiMA( 14) 0 910
ALFA(17)=NI(17)*GANMA(17) 0 920
Mi(67)=ALFA(14)*C1 CO 930
MI(b8)=ALFA(14)*C2 0 940
ALFA(67)=MI(67)*GAhMAtb7) 0 950
ALFA(68)=MI(68)*GAMMA(68) 0 960
C1=ALFA(6)*ALFA(14) 0 970
IF (C1.GT.O.OCO) GO TO 70 D 980
GO TO b0 C 990

70 COi�TINUE
OP125 = 0.1251)0
PES=OP125*OLOGIG(KT(91))+DP125*OLOG10(ALFA(6))-1.2500*PH-DP125*CLC 0 1000
1G10 (4 LFA(14))-0.500 * LH2O 0 1010
IF (PECALC.EQ.4) PE=PES 0 1020

8.0 CONTINUÉ J 1030
IF (PECALC.EO.U.000.OR.PE.GE.100.D0) GO TO 90 D 1040
TENMPE=10 . D0**(-PE) 0 1050

1
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**** PROGRAM WATEQF **** A FORTRAN IV VERSION OF WATEO A )0

i3 TC 1u0 D 1060
9.0 TEP,MPE=10.00**t-3C.D0) D 1070

100 CONTINUE D 1080
0 1090
D 1.1.0 0

C SILICA SPECIES 0 1.110
C1=rsT(14)*TEr.FH/GAMMA(25) 0 1120
C2=KT(15)*TENPH**2/GAMiMA(26) 0 113C
MI(24)=SITOT/(LPI+GAMMA(24>*(C1+C2)) D 1140
ALFA(24)=MI(24)*GAM.MA(24) 0 1150
NI(25)=ALFA(24)*C1 0 1160
MI(26)=ALFA(24)*C2 0 1170
:.LFA(25)=MI(25)*GAMMA(25) 0 1.180
ALFA(26)=MI(26)*GAriMA(26) 0 1190

C 0 1200
_C 0 1210
C BORON SPECIES 0 1220

C1=GAMMA(36)*KT(26)*TENPH/ GAMMA (37) 0 1230
MI(36)=BTOT/(0P1+C1) 0 1240
MI(37)=C1*MI(36) 0 1250
ALFA(36>=MI(36)*GAMMA(36) 0 1260
ALFA(37)=M1(37)-GAriMA(37) 0 1270

0 1280
�-C 0 1290

C RITROGCN SPECIES 0 1300
C1=TENPH*KT(27)/GAMMA(38) 0 1310
C2=ALFA(6)*KT(132)/GAMMA(92) D 1320

} MI(39)=NH4TOT/(1.D0+GAMMA(39)*(CI+C2)) 0 1330
ALFA(39>=M1(39)*GAMMA(39) D 1340
MI(38)=ALFA(39)*C1 0 1350
ALFA(38)=MI(38)*GAMMA(38) 0 1360
MI(92)=ALFA(39)*C2 0 1370
ALFA(92)=MI(92)*GAMMA(92) D 1380

0 1390
0 1400

C MAGNESIUM SPECIES D 1410
MI(19)=ALFA(27)*KT(25)/GAMMA(19) 0 1420
iI(20)=ALFA(62)*KT(23)/GAMMA( 20) 0 1430
MI(21)=ALFA(18)*KT(74)/GAMMA(21) D 1440
MI(22)=ALFA(7)*KT(75)/GAMMA(22) D 1450
MI(23)=ALFA(6)*KT(7b)/GAMMA(23) 0 14b0

___ )I(40)=AL FA(45)*KT(124)/GAMiiiA(40) D 1470
MI(41)=ALFA(48)*KT(125)/GAMMA(41) D 1480
MI(73)=ALFA(47)*KT(34)/GAMMA(73) 0 1490
MI(2)=MGTOT/(OP1+GAMMA(2)*(MI(19)+MI(20)+MI(21)+MI(22)+MI(23)+MI(4 0 1500
10)+MI(41)+MI(73))) 0 1510
ALFA(2)=MI(2)*GAMMA(2) 0 1520
C1=ALFA(2) 0 1530
00 110 1=15,23 0 1540
MI (I)=C1*?1I(I) 0. 1550
ALFA(I)=MI(I)*GAMMA (1l 0 1560

1'LO CONTINUÉ D 1570
ML(40)=C1*MI( 40) 0 1580
ALFA(40)=MI(40)*GAMMA(40) ❑ 1590
MI(41)=C1*MI(41) 0 1600
ALFA(41)=MI(41)*GAMMA(41) 0 1610

�.. MI(73)=C1*MI(73) 0 1620

1
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++** PROGRAN W ATEinF **** A FORTRAN IV VERSION OF 'd ATEO A 10

aLF�(73)=htI(73)*U MMA(73> C 1630
D 1640
0 1650

CALCIUM SPECIES 0 1660
M1(29)=ALFA(27)*KT(77)/GAMMA(29) D 1670
MI(30)=ALFA(7)-KT(7b)IGAMMA(30) 0 1680
MI(31)=ALFA(18)*KT(79)/GAMMA(31) 0 1690
MI(32)=ALFA(6)*KT(24)/GAaMA(32> D L700
MI(74)=ALFA(47)*KT(35)/GAMMA(74) 0 1710
MI(76)=ALFA(48)*KT(123)/GAMMA(76) D 1.720
MI(75)=ALFA( 45)*KT ( 122)/GAFiMA (75) 0 1730
MI(49)=ALFA(62)*KT(80)/GAMMA(49) 0 1740
MI(1)=CATOT/(OFI+GAMMA(1)*(MI(29)+MI(30)+Ml(31)+MI(32)+MI(74)+MI(7 D 1750
15)+MI(7b)+MI(45))) 0 1.7 (S 0
C1=MI(1)*GAMMA(1) 0 1770
ALFA(1)=C1 D 1.780
00 120 i=29,32 0 1790
MI(I)=C1*MI( I) 0 1800
ALFA ( I)=MI(I )* GAMMA ( I) 0 1810

12.0 CONTINUE 0 1820
MI(74)=C1*MI(74) D 1830
ALFA(74)=MI(74)*GAMMA(74) D 1840
MI(75 )= C1*MI ( 75) 0 1850
ALFA(75)=MI(75)*CANMA(75) D 1860
MI(76)=C1*MI(76) 0 1870
ALFA(7b)=MI(76)*GAMMA( 76) D 1880
t°1I(49)=C1*MI(49) 0 1890
ALFA ( 49)=MI(49 >* GANMA ( 49) D 1900

U 1910
0 1920

SOGIU)" SPECIES 0 1930
MI(42 )=ALFA (18)*KT ( 70)/GAMMA(42) 0 1940
M-I(43)=ALFA(7)*KT(71)/GAMMA(43) D 1950
MI.(44)=ALFA(6>*KT(72)/GAMh1A(44) 0 1960
ML(50)=ALFA(47)*KT(31)/GAMMA(50) 0 1970
MI(94)=ALFA(5)*KT(134)/6AMMA(94) 0 1980
MI(3)=NATOT /( UPI+GAMMA ( 3)*(MI(42 )+ M1(43)+MI(44 )+ MI(50)+MI(94 ))) 0 1990
ALFA(3)=MI(3)* 6 Ahi MA(3) 0 2000
C1=ALFA(3) 0 2.010
D'0 130 I = 1,5 0 2020
MI(LISTI(I)1=C1*MI(LISTI( 1)) 0 2030
ALFA(LIST1(I))=MI(LIST1(I))*GAMMA(LIST1(I)) 0 2040

130 CONTIivUE 0 2050
0 2060
D 2070

POTASSIUM SPECIES D 2080
MI•(46)=ALFA(6)*KT(73)/GAMMA(46) G 2090
.MI(61)=ALFA(47)*KT(33)/GAMMA(61)0 21.00
MI(55)=ALFA(5)*KT(135)/GAMMA(95) C 2110
M1(4)=KTGT/(DPI+GAMMA(4)*(MI(46)+MI(61)+t•NI(95))) 0 2.120
ALFA(4)=MI(4)*GAMMA(4) 0 2130
C1=ALFA( 4) D 2'140
MI(46 )= C1*MI(46) 0 2150
ALFA(46)=MI(46)*GAMMA(46) 0 2160
MI(61)=C1*MI(61) 0 2170
ALFA(61)=MI(61)*GAMMA(61) 0 2180
MI(SS)=C1*MI(95) 0 2190
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**+* PRCGRAM WATEGF **** A FORTRAN IV VERSION OF WATEQ A 10

ALFA(95 )= M1(95 ) -GAMMA ( 55) D 2200
D 2210
D 2220

ALUMINIUM SPECIES 0 2230
MI(52)=ALFA(27)*KT(81)/GAMt•iA ( 52) 0 2240
M1(53 )= ALFA(27)**2.D0 * KT(82)/GAMMA(53) 0 2250
MI(54 )= ALFA ( 27)**4.D0 * KT(83 )/ GAMMA ( 54) 0 2260
MI(55)=ALFA ( 62)*KT(84)/GAMMA ( 55) 0 2270
F'.1 ( 56)=ALFA(62)**2.D0 * KT(85 )/ GAMMA ( 56) 0 2280
MI(57 )= ALFA ( b2)**3.0 0* KT(8b )/ GAMMA(57) 0 2290
MI(58 )= ALFA ( 62)**4.D0 * KT(87 )/ GAMM 4( 58) 0 2300
MI(59 )= ALFA, ( 6)+KT(88 )/ GAMMA ( 59) D 2310
MI(60 )= ALFA ( 6)**2.D0 * KT(89 )/ GAMMA ( 60) 0 2320
MI(51 )= ALTOT /( LPI+GAMMA ( 51)*(MI ( 52>+MI(53)+MI(54)+MI ( 55)+MI ( 5b)+MI 0 2330

l(57 )* MI(53 )+ MI(59 )+ MI(60)>) D 2340
ALFA(51)=MI ( 51)*GAMMA ( 51) 0 2350
C1=ALFA ( 51) 0 2360
00 140 1=52 , 60 0 2370
MI(1)=C1*MI ( I) 0 2380
ALFA ( I)=MI-(I)-GAMMA ( I) 0 2390

x_40 CONTINUE D 2400
D 2410
D 2420

IRON SPECIES D 2430
IF ( OASS ( PE).LT . 20.000 . ANO.FETOT . GT.0.0D0 ) GO TO 150 0 2440
GO TO 170 0 2450

.5.0 M1 ( 9)=KT(1)/(TENMPE * GAMMA 0 )> 0 2460
MI(10 )= KT(2)*AH20 * TENPH /( TENMPE*GAMMA ( 10)) D 2470
MI(11 )= KT(3)*AH20 * TENPH / GAMMA ( 11) D 2480
M1(12)=KT(4)*AH2C ** 3*TENPH**3 MS AMMA ( 12) 0 2490
M1(13 )= KT(140 )* ALFA ( 47)1(GAMMA ( 13)* TE NM'. PE) D 2500
MI(15 )= KT(5)*ALFA ( 6 ) /(TENMPE * GAMt;A(15 )) 0 2510
MI(16 )= KT(6)*ALFA ( 5)/(TENMPE*GAMMA ( 16)) 0 2520
MI(28 )= KT(7)*ALFA(5)**2 1 (TENMPE * GADIMA ( 281) 0 2530
MI(33 )= KT(8)*ALFA ( 5)**3/(TENMPE * GAMMA ( 33)) 0 2540

} MI(34>=KT (. 9)*ALFA ( 6)/GA t4 MA ( 34) 0 2550
MI(65 )= KT(121 )* ALFA ( 48)/GAMi4A (: 65) D 2560
MI(77 )=KT(103 )*< AH2O * TENPH )** 2/(TENMPE * GAMMA ( 7.7)) 0 2570
MI(78)=KT ( 1.04)*(AH2O * TENPH )** 3/(TEPiMPE * GAMMA ( 78)) 0 2580
MI(79 )= KT(1.05 )*( AH2O*TENPH )** 4/(TENMPE * GAMNA ( 79)) 0 2590
MI(80)=KT(1Q6 )*( AH2O * TENPH )** 2/GAMMA ( 80 ) 0 2600
MI(99 )= KT(157)*ALFA ( 48)/(TENMPE*GAMMA(99)) 0 2610
MI(100 )= KT(139 )* ALFA ( 47)/GAt4MA(100) D 2620
MI(8)=FET0T /( O1+G AM MA ( 8)* 01I(9)+N1(1.0 )+ MI(11 )+ ML (12)+MI ( 13)+Ml ( 15 0 2630
1)+NI(16 )+ MI(28)+Mi ( 33)+MI ( 34)+MI(65 )+ MI(77)+MI(78 )+ MI(79)+M1(80)+M 0 2640
21(100 )+ ML(99>)) D 2650
ALFA ( S)=MI(8>*GAMMA ( 8) 0 2660
C1=ALFA ( 8) D 2670
00 160 L=2,18 0 2680
MI(LIST2 ( I))=C1*ML ( LIST2(I)) 0 2690
ALFA ( LIST2•( I>>=MI (LIST2 ( I))*GAMMA ( LIST2 ( I)) D 2700

i'&0 CONTINUÉ 0 2710
GO TO 190 0 2720

17,0 CONTINUE 0 2730
00 180 1= 2,18 0 2.740
MI(LIST2(I))=0.00G 0 2750

�.._ 8.0 CONTINUE 0 2760

l
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**** PROuRAM W.TEGF *.** A FORTRAN IV VLRSION OF WATEO A 10

ALFA ( 8)=,Mil(t )* GAMMA ( 8) 0 2770
:S0 CO (. TINUE 0 2780

C 2793
MANuANESE SPECILS 0 2800

0 2810
IF (CABS ( PE).LT . 20.000.ANO.MNTOT . GT.0.000 ) SOTO 200 0 2820
GO TG 240 0 2830

.00 MI ( 102)=KT ( 156)/(GAMMA(102)*TENMPE) D 2840
MI(103 )= KT(159 )* MI(5)*GAMMA(5)/GAMMA ( 1G3) G 2850
MI(104 )= KT(160 )* MI(5)**2 * GAMMA ( 5)**2/GAMMA ( 104) 0 2860
MI(105 )= KT(161 )* MI(5)**3*GAMMA ( 5)**3/GAMMA ( 105) 0 28.70
"I(106 )= KT(162 )* MI(27 )* GAM M. A ( 27)IGAMMA ( 106) O 2880
NI(107 )= KT(163 )*,`1 I(27)**3 * GAMMA ( 27)**3/GAhMA ( 1G7) D 2890
MI(108 )= KT(164 )* MI(62)*UAMMA ( 62)/GAMMA ( 108) 0 2900
MI(109 )= KT(165 )* MI(6)ftGAMMA ( 6)/GAMMA ( 109) 0 2910
MI(110 )= KT,(166)*MI ( 85)**2*GAMMA ( 85)**2/GAMMA ( 110) 0 2920
i"I(111 )= KT(167 )* M1(7)*GAWMA ( 7)/GAMMA ( 111) 0 2930
XMI112 = LOGKT ( 168)+OP4 * LH2O -( OLOG1 . 0(GAMMA ( 112))-8 . 00*PM - 5.00*PE) D 294
IF (XMI112 . LT.-50 . 00) MI ( 112)=0 . 0 0 2950
IF (XMI112 . LT.-50 . 00) GO TO 210 D 2960
NI(112 )= 10.00 **XMI112 0 2970

LO CONTINUE D 2980
XMI113=LOGKT(169 )+ DP4*LH2O -( OLOG10 ( GAMMA ( 113))-8 . 00*PH - OP4*PE) 0 2990
IF (XMI113 . LT.-50 . 00) hI ( 113)=0 . 0 0 3000
IF (XMI113 . LT.-5G . 00) GC TU 220 0 3010
MI(113 )= 10.00 ** XM1113 0 3020

220 CONTINUÉ 0 3030
MI.<115 )=KT<171)* AH2O ** 2/(GAMMA ( 115)*ALFA ( 64)**3) 0 3040
MI.(101 )= MNTOT /( OP1+GAi•IMA ( 101)*(MI ( 102)+MI ( 103)+MI ( 104)+¡MI ( 1C5)+MI ( D 3050
1106 )+ MI(107 )+ MI(I08 )+ F11(109)*MI(110 )+ MI(I11 )+ MI(112 )+ MI(113 )+ MI(11 0 306.0
25))) 0 3070
ALFA ( 101)=M1 ( 101)*GAMMA ( 101) 0 3080
C1=ALFA ( 101) 0 3090
DO 230 I=1.02,113 0 3:1.00
MI(1)=C1 * MI(I) O 3110
ALFA( I)=MI-(I)*GAMMA(I) 0 3.120

23-0 CON TINUE D 3.130
MI(115 )= C1*MI(115) 0 3140
ALFA( 115)=MI(115)*GAMMA ( 115) D 3150
GO TC 260 D 3160

24.0 DO 25C 1=1.01 , 113 0 3:170
�_ MI(I >= C.G D 3180

250 CONTINUE 0 3190
MI(115 )= 0.0 0 3200

210 CCNTIdUE 0 3210
0 3220
0 3230

CALCULATION OF P02 ANO PCH4 0 3240
IF (DABS ( PE).LT . 19.000 ) GO TO 270 0 3250
GO T0 280 0 326.0

27.0 C1=UL0G1.0(KT(94 ) I+PH+PE+0 . 5*LH2O 0 3270
ALFA ( 70)=1.0.00**(DP4*C1) 0 3280

28.0 CONTINUÉ 0 3290
IF (DABS ( PE).LT . 19.00 . AND.ALFA ( 7).GT.0 . 000) GO TO 290 0 3300
GO TO .$U0 0 3310

2.9.0 XLALFA ( 71)=(OLCG10(KT(95 ))- 8.ODO * PE-9.D0 * PH-OP3*LH20 + GLOG10 ( ALFA(7



46

-: **** PRUGRAhi hlATEGF **** A FORTRAN IV VERSION OF 'BATEO A 10

iF (XLALE.1(71).LT. -78.Ut0) GO TO 300 0 3330
ALFA(.71)=10.G0+*XLALFA(71) D 3340

300 CONTINUE 0 3350
0 3360
D 3370

C L1THIUM, STRONTIUM, BARIUM SPECIES 0 3380
C1=KT(126)*ALFi.(27)/GA(•IMA(82) 0 3390
C2=KT(127)*ALFA( 6)/GAMMA ( 83) 0 3400
MI(b1)=LITOT/(IP1+íiAMMA(81)*(C1+C2>) 0 3410
ALFA(b1)=FMI( 81)*GAMMA (t1) 0 3420
MI(82)=C1*ALFA(81) 0 3430
MI(83)=C2*ALFA(81) D 3440
C1=KT(130)*ALF„(27)/GAMMA(89) 0 3450
MI( 88)=SRTOT/(UPI+GAMMA(58)*C1) 0 3460

j MI(89>=GA1M•A(8ñ>*MI(88)*C1 D 3470
C1=KT(131)*ALFA(27)/GAMM4( 91) 0 3480
MI(90)=bATOT/(8P1+6AMMA(90)*C1) 0 3490
NI(51)=GAMMA( 90)*MI (90)*C1 0 3500
00 310 I= 1,6 0 3510
ALFA(LIST3(I>)=MI(LIST3( I))*GAMMA (LIST3 (I)> 0 3520

} 310 CONTINUE 0 3530
SUMMATION OF ANION SPECIES 0 3540
N=NPAIR ( 1) 0 3550

} IF (CORALK.NE.2) GO TO 330 0 3560
S1=MI(18) 0 3570
DO 320 1=1,N 0 3580
S1=S1+MI (L1f C I )) 0 3590

32-0 CONTINUE 0 3600
GO TO 350 D 3610

330 CONTINUE D 3620
S1=OP2*MI(18) 0 3630
00 340 I=1,N D 3640
Si=S1+LIALK(I)*MI(L1M (I)) 0 3650

34.C CONTINUE 0 3660
35.0 CONTINUE 0 3670

N=NPAIR(2) 0 3680
S2=MI(6)+MI(6G) 0 3690
00 360 1=1,N 0 3700
S2=S2+n 1 (L2hi(I)) 0 3.710

36.3 CONTINUE 0 3.720
N=NPAIR(3) 0 3730
S3=MI(62) +MI(56)+0F2*MI(57+ DP3*MI158 0 3.740
DO 370 I=1,iÑ) 0 3750
S3=S3+MI(L3M(I>) 0 3760

37.0 CONTINUÉ 0 3770
N=NPAIR(4) 0 3780
S4=NI(45) 0 3.790
00 380 1=1,N .0 3800
S4=S4+MI(L4M(I)) 0 3810

38.0 CONTINUÉ 0 3820
N=NPAIR( 5) 0 3830
S5=M1 (5)+MI(28)+MI(104 )+UP2*(MI (33)+MI(105)) D 3840
00 390 1= 1,N 0 3850
S5=S5+MI'(LSM(I)) 0 3860

3.90 CONTI (. UE 0 3870
ANALCU=C02TIT 0 3880
MASS GALANCE ON CARoON D 3890
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C =*** PROGRAM wATEGF **** A FORTRAN IV VERSION GF 'wATEG A 10

IF (CG2TIT.LE.C.OUG) GG TO 460 0 3900
ACT=KT(69)*HLF4(64) 0 3910
SUM= 0.0 D 3920
SUMI = 0.0 0 3930
N=NPAIR ( 1) 0 3940
00 400 I=1,N 0 3950
"I(LlM(I>>=nT(L1K(I))*ALFA(L1C(I))/ GAMMA (L1`I(I)) 0 3960
IF (L1A(I).EG.7) hil(L1M([))=ML(L1M(I))*ACT D 3970
SUM=SUM +MI(t1M(I)) 0 3980
SUMI=SUMI+LIALK(1)*MI(L1M(l)) 0 3990

4.00 CONTINUE D 40.00
IF (CORALK."E.2) GO TO 420 D 4010
t1l(18 )=ANALCO/( OPI+GAMMA ( 18)*SUM) 0 4020
ALFA(18)=MI(18)*GAMMA(18) 0 4030
CC. 410 I = 1 9 N 0 4040
MI(LIM(I))=MI(LlM(I>) -ALFA (i8) 0 4050
ALFA(LiM(I>)=MI<LUM (I))*GAMMA (LIM(I)) 0 4060

N 410 CONTINUÉ 0 4070
GO TC 4b.0 0 4080

_ 42.0 CONTINUE 0 4090
IF (CORALK.EO.1) GO TO 440 D 41.00
IF (CORALK.EG.3) GO TO 430 0 4110
ANALCC=C02TIT-PI(25)-0P2 *MI<2b )-MI<27)-MI(37)-DP2*MI(45)-MI(47)-MI O 4120
1(54)-MI(67)-OP2*MI(68)-Ml(82) 0 4:130
GO TC 440 0 4.140

43.0 .CONTINÚE 0 4150
SUMALK=MI ( 29)+MI ( 76)+MI ( 19)+MI ( 41)+MI(11)+MI<10)+MI(99 )+ MI(52 )+ MI( D 4.160

1106 )+ MI<25)+MI(37 )+ MI(82 )+MI(89 )+ MI(91 )+ MI(38)+MI(67)+MI ( 48)+M:I ( 27 0 4170
2)+DP2 *( M1(74 )+ MI(73 )+ MI<50 )+ MI(61 )+ MI(80 )+ M1(1.G0)+MI(13 )+ MI(77 )+ MI D 4180
3(53)+NiI(2b)+MI(68)+MI(47))+0P3*(MI(75)+MI(40)+MI(12)+MI(78)+MI(107 0 4190
4)+MI(115)+MI(45))+DP4*(MI(79)+MI(54))-MI(64)-MI(63)-MI(93)-DP2*MI( 0 4200
596) 0 4:210
ANALCO=CO2TIT-SUMALK 0 4220

440 CONTINUE 0 4230
IF (ANALCO.LT.O.00 .0) ANALCO = 0.000 0 4240
MI(16)=ANALCC/(OP2+GAMMA(18)*SUMI) 0 4250
ALFA ( 18)=MI ( 18)*GAMMA ( 18) 0 4260
00 450 I=1,N 0 4270
MI(L1M(I))=MI(L1M(I))*ALFA (18) 0 4280
ALFA(L1M(I))=MI(Llti(I))*GAMMA(LiM(I)) D 4290

450 CONTINUE 0 4300
46.0 C0NTINUL 0 4310

MASS bALANCE GN SULFATE 0 4320
IF (SO4TOT . LE.0.000 ) GU TO 500 0 4330
N=NPAIR(2) 0 4340
DO 470 I=1 , N D 4350
MI(L2M(I))=KT(L2K([>)*ALF4(L2C(I))/GAMMA(L2M(I)) 0 4360

47G CON:TINuE 0 4370
MI(15)=tiI(15)1TENMPE 0 4380
�I(bO M1 (60)* LFA(6) 0 4390
MI(96 )= MI(96 )* ALFA ( 64) 0 4400
SUM.=MI(60) 0 4410
00 480 I=1,N 0 4420
SUM=SUM+MI(L2M(I)) 0 4430

48.0 CONTINÚE 0 4440
MI(6)=SU4TUT/(OPl+GAMMA(6)*SUM) 0 4450
ALFA(6)=M1(6)*OAMiMA(6) 0 4460
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**+* PRO,RA(l W;,TEOF **** A FORTRAN IV VERSION OF «ATEO A 10

00 490 i=1,r; D 4470
MI(L2M(I))=NI(L2N.(L))*ALFA(6) 0 4480
ALFA(L2M(I))=Mi(L2M(I))*GAMMA(L2M(I)) 0 4490

4.9.0 CONTINUE 0 4500
500 CONTINUE 0 4510

MASS BALANCE CK FLUORIUE D 4520
iF (FTOT.LE.C.05U) GO TO 540 0 4530
N=NPAIR ( 3) 0 4540

j 00 510 I=1,N D 4550
MI(L3M(I))=KT(L3K(I))*ALFA(L3C(I))/GAMMA(L3M(I)) 0 4560

310 CONTINUE 0 4570
NI(56)=MI(56)*ALFA(b2) 0 4580
P:I(57)=MI(57)*ALFA(62)*ALFA(62) D 4590
MI(58 )= MI(58 )* ALFA ( 62)*ALFA ( 62)*ALFA ( 62) 0 4600
SUM=MI(56)+DP2*MI ( 57)+0P3 * MI(58) 0 4610
CO 520 I = 1,N 0 4620
SUM=SUM+MI ( L3M(I)) 0 4630

5 2C CONTINÚE 0 4640
ML(b2 )=FTOT/( DPI+GAMMA ( 62)*SUM) Cl 4650
ALFA(62)=MI(c2)*GAMMA(62) 0 4660
00 530 I=1 9 N 0 4670
MI(L3M(I ))= I4I(L3M ( I))*ALFA ( 62) 0 4680
ALFA( L3M(I))=MI(L3M ( I))*GAMMA ( L3M(I )) 0 4690

f
i3.0 CONTINUE 0 4700
i40 CONTINUE 0 4710

C MASS BALANCE Ob PNOSPNATE D 4.720
IF ( PTOT.LE.G.000) GO TO 580 0 4730
N=NPAIR(4) 0 4740
C1=KT(16)*ALFA( 64) D 4750
C2=KT(17)*ALFA(64)*ALFA(64) 0 4.760
LO 550 I=1,N 0 4770
I(L4iM1(I))=KT(L4K ( I))*ALFA.(L4C(I ))/ GAMMA ( L4M(I)) D 4780

IF (L4A(I).E0.47) MI(L4M(I))=MI(L4M(I))*C1 0 4790
IF (L4A(I).E(1.48 ) ML(L4M ( I))=MI(L4M ( I))*C2 0 4800

_50 CONTINÚE D 4810
MI(13)=MI(13)/TE NMPt 0 4820
MI(48)=MI(4e.)*ALFA(64) 0 4830
MI(99)=MI(99)/TENMPE 0 4840
SUM=O.000 0 4850
OC 560 I = 1 1 N 0 4860
SUM=SUM+MI (L4M (I)) D 4870

6.0 CONTINUE D 4880
MI(45)=PTOT/(UP1+GAMMA(45)*SUM) D 4890
ALFA(45)=MIt45)*GAMMA(45) D 4900
DC 570 I=1 , N Cl 4910
MI(L4M(I))=MI(L4M(I))*ALFA(45) 0 4920
ALFA(L4M-1(I))=Mi(L4M(I))*GAMMA(L4M(I)) 0 4930

-7,0 CONTINUÉ 0 4940
80 COi TINUE 0 4950

0. MASS bALANCE 3', CHLORIUE 0 4960
IF (CLTOT.LE.G.000) GO TO b20 0 4970
K=NPAIR( 5) D 4980
DO 590 I=1,N 0 4990
MI(L5M(I))=KT(LSK(L))*ALFA(L5C(I))/GAMMA(L5M(I)) 0 5000

40 CONTINUÉ 0 5016
MI(16 )= MI(16)/TENMPE 0 5020
MI(28 )= MI(28 )* ALFA ( 5)/TEidMPE 0 5030

J
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**** PROGRA11 WATELF **** A FORTRAN IV VERSION OF WATEO A 10

MI(33)=r!I(33)*ALFA(5)*ALFA(z)/TENMPE G 5040
MI(1G4)=MI(104)*ALFA(5) 0 5.050
MI(105)=M1(105)*ALFA(5)*ALFA(5) 0 5060
SUM=M1(28)+OP2*MI(33)+M1(104)+DP2*MI(105) 0 5070
00 600 I=1,N 0 5080
SUM=SUhMI ( L (I) ) 0 5090

00 C0NTIrWE D 5100
MI(5)=CLTOT/(GPI+GAMMA(5)*SUM) O 5.110
ALFA(S)=MI(5)*CAMMA(S) D 5120
GO 610 I=1,r4 0 5.130
MI(L5M(I))=MI(L5M(I))*ALFA(5) 0 5140
ALFA(L5M(I))=MI(LSM(I))*GAMMA(L5M(I)) U 5150

1G CCATINU_ 0 5160
10 CONTINÚE 0 5170

ALFA(85)=MI(85)*GAMMA(65) 0 5180
ALFA(9b)=MI(98)*GAMMA(98) 0 5190
ALFA(27)=AH2O*Kw*TENPH D 5200
MI(27)=ALFA(27)/GAMMA(27) 0 5210
MI,(64)=1.00/(TENPH*GAMMA(64)) 0 5220
TESTI=S1-ANALCO 0 5230
TEST2=S2-SC4TOT ú 5240
TEST3=S3-FTOT 0 5250
TEST4=S4-PTOT 0 5260
TEST5=S5-CLTOT 0 5270
RBIT=G 0 5280
IF (S1.EQ..O.ODG.OR.ANALCL'.LE.0.0O0) GO TO 630 D 5290
IF (DABS(TEST1).GT.ERORI*ANALCO) R8IT=1 0 5300
GO TO 640 0 5310

30 ANALCC=0.Q D 5320
c40 CONTINUE 0 5330

J_. IF (S2.EU..O.OGO) GO TU 650 0 5340
IF (DMbS(TEST2).GT.EROR2*SO4TOT) RBIT=1 0 5350

50 CONTINÚE 0 5360
• ` IF (S3.EO.O.C00) GO TO 660 0 5370

IF (OABS(TEST3).GT.EROR3*FTOT) REIT=1 0 5380
60 CONTINUÉ 0 5390

IF (S4.EG.O.000) GO TO 670 0 5400
IF (CABS(TEST4).GT.EROR4*PTOT) R6IT=1 0 5410

70 C0tiTINUE 0 5420
IF (S5.EO.O.OüO) GO TG b80 D 5430
IF (DABS(T.STS).GT.EROR5.CLTOT) RBIT=1 0 5440

8O COr.TIr;UE D 5450
IF (PRT(2).NE.O) GG TO 690 0 5460
WRITL(11,700) ITER,TEST1,TEST2,TEST3,TEST4,TESTS 0 5470

,.90 CONTINÚE 0 5480
RETUR(1 0 5490

D 5500
0 5510
O 5520

100 FORtAT (1H ,19X,I3,5X,5(1PO13.6,3X)) 0 5530
ENO D 5540-

14.1 ,-11_111111
r w..w
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++++ PROGRAM WATEGF **** A FORTRAN IV VERSION OF WATEQ A 10

SUBROUTINE PRINT E 10
IMPLICIT OOUBLE PRECISION(A-H,0-Z)
INTEGLR D,E,DO,RBIT,CORALK,Z(120),LIST4(104),L1ST5(8).,PRT(4) E 20
INTLGER PECALC,PLCK E 30
DOUBLE PRECISION

+ MI(120), ri1(200 ),LOGKT(200),LOGKTO(200),MNTGT,LH2O,MU,NATOT,KT E 40
10T,MGTOT,LITOT,Nh4TOT, KW,RATI01 (10),RAT102(10),RATIO3(8),XLGAM.( 120 E 50
2) E 60
OOUBLE PRLCISION NSPEC (120),NREACT (20.0) E 70
COMMCN MI ,KT,LOGKT,LOGKTO, KW,O,E,DU ,C,R,T,F,TEMP,A,8,PE,PE5,PEDC,P E 80

�- 1ESATO,PECK,PECALC,PH,TEI•JMPE ,TENPH,ALFA(12.0),GAMMA(120),AP(200)•,XLA E 90
2LFA( 120),Z ,CUNITS( 120),ANALMI < 120),NSPEC ,NREACT,GFW(12.0>,OHA (12.0), E :10.0
3DW(200 ), AH2O ,LH2O ,EROR1 , EROR2 ,EROR3,EROR4, EROR5,EHN,O£NS ,DOX,XIdM�I ( E .110
4120),ITER, RBIT ,CISAVE,CORALK,MU,LCHEK.(200),CO2TIT,ANALCO,SITCT,CAT E •120
5OT,MGTOT,KTOT,NATOT,SO4TOT,FETOT,pTOT,ALTOT,FTOT,BTOT,LITOT,NH,4TOT E 130
6,SRTOT,BATOT,CLTOT,MNTOT,ICK,PRT,TITL(20),EPMCAT ,EPMAN,NEOU ,ISFEC, E 140
7KSPEC(120),IMIN,KMIN( 20O),TDS ,IOAVES,IPRT,JJ,JK E 150
DATA LIST4/1,2,3,4,64,5,6,7,18,86,27,62,96,19,23,22,21,20,29,32 ,0 E 160
1,31,49,44,43,42,94, 46,95 , 63,96 ,93,24,25,26,14,67, 68,8,9 , 10,11 ,12,7 E 1-70
2.7,78,.79,80,13,100, 65,99 ,15,16,28,33,34,101,102,106,107,111,109,110 E .180
3,L03,1.04,1.05,108 ,112,113,115,51,52,53,54,55,56,57, 58,59 ,60,45,47,4 E '190
48,40,73,41,75,74,76,61, 50,36 ,37,85, 38,39 ,92,81,82,83 ,88,89 ,90,91/ E 200
DATA LISTS/1,2,3,4, 51,8,6 ,7/ E .210
CEPMAN=0. 000 E 220
CEPMCT=0. 000 E 230
ELECT= 0.00.0 E .240
0O 20 I=1, 0 E 2.50
TEMPOR = Z(I)
ELECT=ELECT+TEMPCR*MI (I) E 260
IF (Z(I).GT.0) GO TO 10 E •270
CEPMAN=CEPMAN -TEMPOR* MI(1) E 280
G0 TO 20 E 290

2j0 CEPMCT=CEPMCT+TEMPOR•* MI(I) E 300
áA CONTINUE ' E 310

ELECT=ELECT*1000.00 E 320
CEPMAN=CEPMAN*1000. DO*(1.000 -CISAVE*1'.0D-06) E 33D
CEPMCT=CEPMCT*1000. 00+ (1.000-CISAVE*1'. 00-06) E 340
S1=MI•<7>+MI(18)+MI(21)+MI(22)+MI<30)+MI(31)+MI(42)+MI(43)+MI(86)+M E 3.50

1I(111) E 360
PC02=0.000 E 370

- XLPC02=- 99.900 E 380
IF (S1.GT..0.000) GO TO 30 E 390
GO TO 40 E 400

•30 PC02=10.00**(OLOG10(ALFA(86))-2385.7300/T-1.52640-2*T+.14. 01840.0) E 410
XLPC02=OLOG1.O(PC02) E 420

4.0 CONTINUE E 430
EHPE=PE*C*R*T/F E 440

_ SUMALK=MI(30)+MI(29)+MI(76)+ MI(19 )+MI(22)+MI<41)+M1(43)+MI(11)+M..I( E. 450
110)+MI(99)+MI(52)+MI(106)+MI(111)+MI(25)+MI(37)+MI(82)+MI(89)+M1(9 E 460
21)+M I<38)+MI (67)+MI(7)+MI(40)+ílI(27)+2.0*(MI(74)+MI(31)+MI(21)4MI( E 470
373)+MI(42)+MI(50)+MI(61)+M1( 80)+MI ( 10.0>+M1 (13)+MI(77)+MI (53)+MI (26 E .480
4)+M1(68)+MI(18)+MI(47l)+3.0*(MI(75)+MI( 40)+MI (12).+MI(78)+M1(107)+M E 490
5I(115)+MI(45>)+4..0*(MI(79)+MI(54))-MI(64)-MI(63)-MI(93)-2.0*MI,(96) E 500
SUMALK=SUMALK+1000. 00 E 510
CARBAL=MI(7)+NI<30)+MI(22)+MI(43)+MI(111)+2.0*(MI(31)+MI(21)+MI(42 E 520

1)+MI(18)) E 530
CARBAL=CAR8AL+ 1000 . D0 E 540
WRITE(11,110) TITL E 550
URITE(11,120)
WRITE(11,120)
WRITE(11,130) AH2O,EPMCAT,CEPMCT,PH,PC02,LPMAN,CEPMAN,XLPC02, E 580 ^_- Z4°2z

* ALFA(70)
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1,Enh?. PE,TEMP ,HL-A( 71),PES , SI,PEUO,UENS , PESATO,MU,TGS,SUMALK, E 593
* CARBAL

} 2,ELECT E 600
WRITE ( 11,140) FE,EHPE E 610
WRITE(11,150) E 620
DUM=(10 . 0C ) **(-70.) E 630
00 50 1=1,0 E 640
CUNITS ( i)=0.000 E 650
IF (MI(1 ). LT.0UM ) 00 TG 50 E 660
Cu1�ITSII )= r1(1)+1000 . 00*GFW ( I)+(1.000 - 1.00-06 * C1SAVE> E 670
XLMI ( I)=OLGG10 ( Vii1(1)) E 680
xLALFA ( 1)=LLOl,iú ( ALFA ( 1)) E 690
XLUAM (I)=OLUGlí,( UANMA ( I)) E 700

50 Coi TI NuE E 710
DO 80 I = 1,104 E 720
1 F (MI ( LIST4 ( i)>.LT.OUM) GO TO 80 E •730
1 F (ISPEC . EG.0) GO TO 70 E 740
00 60 J=1 , ISPEC E 750
IF (LIST4 ( I>.EU.KSPEC ( J)) GO TO 7.0 E 760

60 CONTINUE E 770
GO TO 80 E 780

7.0 CONTINUE E 790
CRITE ( 11,160 ) LIST4 ( 1),NSPEC ( LIST 4 (1)),Z(LIST4 ( I)),CUNITS ( LISTI4 ( I) E 800

1MI(LIST4 ( 1)>,XLMI ( LISTO(1)),ALF:1 ( LIST4 ( I)),XLALFA ( LIST4 ( 1)I,GAMMA( E 810
2LIST4 ( I)),XLGAh:( LIST4 ( I)> E 820

} 80 CONTINUE E 830
IF (PRT ( 3).NE.o ) GO TO 100 E 840

C E 850
( E 860

CALCULATION OF MOLAR RATIOS.AND LOG ACTIVITY RATIOS. E 870
00 90 I=1,b E 880
IF (ANALMI•( LIST5 ( 1)).LT.1 . 0-30) ANALMI(LIST5 ( I))=1. 0 -30 E 890
IF (MI ( LISTS(1 )). LT.1.D - 30) MI(LISTS ( I))=1.0-30 E 900
IF (MI ( LIST5 ( I>).LT.1. 0 -30) XLALFA(LISTS ( I))=-3.0.00 E 910

} RATI01 ( I)=ANALMI ( 5)/ANALMI ( LISTS ( I)> E 920
RATI02 ( 1l=MI ( 5) 1 MI(LIST5(I)) E 930

9.0 CONTINUÉ E 940
RATI01 ( 9)=ANAL b i ( 1)/ANALMI(2) E. 950
RA 7 I01 ( 10)=ANALM1 ( 3)/ANALMI(4) E 960
RATI02 ( 9)=MI(1l/MI ( 2) E 970
RATI02 ( 10)=MI ( 3)/MI(4) E 980
RATI03 ( 1)=XLALFA ( 1)+PH+2.00 990
RAT103 ( 2)-XLALrA ( 2)+PH*2 . D O E 1000
RAT103 ( 3)=XLALFA(3)+PH E 1010
RATIG3 ( 4)=XLALFA ( 4)+PH E 1020
RATI03 ( 5)=XLALFA ( 51)+PH*3.00 E 1030
RATi03(6)=XLALF4 ( 6)+PH*2 . UC E 1040
RATI03 ( 7)=XLAL-A ( 1)-XLALFA(2) E 1050
RATI03 (8)=xLALFA( 3)-XLALFA ( 4) E 1060
WRITE ( 11,120)
WRITE ( 11,170 ) (R ATI01 ( 1),RATI02 ( I),RAT103 ( I),1=1,8 ),( RATI01(1), E 1080
1RAT102(1),1=9,10) E 1090

100 CONTINUE E 1100
WRITE ( 11,110)
RETURN E 1120

E 1130
J
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• E 1140
E 1150

- 1L'0 FORMAT (/,5X,20A4) E £160
1:2.0 FORMAT (//) E 1170
1.3.0 FORMAT (//,46X,'**•**DESCRIPTION OF SOLUTION **•**9,//,27X,IANALYTIC E 118.0

IAL COMPUTED',13X,'PH'•16X,'ACTIVITY H20 = ',F7. 4,/,2OX ,' EPMCA:T ', E 1190
2F9.3,3X,F9.3,1CX,F6.3,14X,'PC02 = ',1P013'.6,/,20X ,'EPMAN ',0PR9.3 E 1200
34X,F9. 3 9 3.UX ,'LOG PCQ2 = ',F8.4•/,56Xs'TEMPERA'TURE',11X,'P02 = ',1 E 121.0
4P013.6,/,2.OX,'EH = ',OPF6.4,2X,'PE _ ',F7.3,11X,F6.2,' OEG C+,101X, E 1,220
5'PCH4 = '91PD13.6,/,20X,'PE CALC S = '413.6,33X,'C02 TOT = 1,013. E 1230
66,/,20X 9'PE CALC 00X=',013.6,1.OX,'IONIC STRENGTH',9X,'0ENSIT.Y = ', E 1240
70PF8.49/,2.0X,'FE SATO DOX=',1P013.6,1.OX,D13.6,16X,*TOS = '0PF9.1s1 E 12.50
6P7G/L'•/,20X••TOT ALK = ',1PO13 .6,' MEO /KG H20',24X,'CARBONATE ALK E 1260
9= '•013 . 6,' MEO/KG H20 ',/, 20X,'L LECT = .',013.6,' MEO/KG H2C '•,/) E 1270

14.0 FORMAT (11X,'IN COMPUTING THE DISTRIBUTION OF SPECIES • PE _ ',E7.3 E 1280
1, 57(9'EQUIVALENT EH =',F7.3,'VQLTS',//) E 1290

15.0 FORMAT (///,52X,'----------------------- ',/,52X,'DISTRIBUTIGN •CF S E 1300
1PECIES'•/•52X,1------------------------ ',//,7X,.'I'•2X•'SPECIES',1OX E 1310
2 9 'PPM. ',11X•.'MOLALITY',8X,'LOG MOL',6X9'ACTIVIT.Y'98X,'LOG ACT',9X,' E 1320
3ACT. COEFF.',2X•'LOG 4 COF',/) E 1330

1-6.0 FORMAT (1H •5X,13,1X•A8,I3,2X,1P012.5,4X,012.5s4X ,OPF9 .4,4X,1P012. E 1340
15,4X,OPF9.4,4X,1P012. 5,2X,OPF9 .4) E 1350

170 FORMAT (//,18X,'MOLE RATIOS FROM ANALYTICAL MOLALITY MOLE RATIOS E 1360
1 FROM COMPUTED MOLALITY LOG ACTIVIT.Y RATIOS',/,18X,'------------ E 13.70
2------------------------ ----------------- ----------------- -- E 1380
3 ---------------- -'s/,25X ,'CL/CA = ',1PO11.4917X,*CL/CA = '•9011 E 1.390
4.•499X,'LOG CA/ H2 = ',0PF9 .4,/,25X,'CL/MG = ',1R011.4,17X,'CL/MG E 1400
5 = ', 0 1:1 . 4,9X,'LOG MG / H2 = '9 .3 PF9 . 41/,25X ,* CL/NA = '91PO11.4,17 E 1410
6X•'CL/NA = ',011.4,9X,'LOG NA/H1 = ',OPF9.4,/,25X,'CL/K = 11,1 E 1.420
7P011.4917X,'CL•iK = ', 011.4 9 9X ,'LOG K/Hl = ',0PF9.4,/,25X,'CL/A E 1430
BL = ',1PO11.4,17X9'CL/AL = '9 011 .4,9X,'LOG AL/H3 = ',0PF°...4,/, E 14.40
925X,'CL/FE _ ',1PD11.4,17X,'CL/FE _ '9 D.1.1.4,9X ,'LOG FE/H2 •_ ', E 1,450
SORF9.49/,25X,'CL/S04 = ',1PO11.4,17X,'CL/S04 = ',011.4,9X,'L'OG C E 1460
SA/.MG = '90PF9. 4,/,25X *'CL/HCO3 = ',1PD11.4,17X,'CL/HC03 = '•011.4, E 1470
S9X,'LOG NA /K = ',.OPF9.4,/.,25X,'CA/MG = '9 1P011 .4,17X,'CA/MG = E 148.0
S ',011.4,/,25X,'NAJK = ',U11.4917X,'NA/K = ',011. 4) E 1.490
E NO E 15.0.0-

SUBkOUTINE SAT F lU
IMPLICIT OCUbLL PRLCISION(,+-H,0-2)
IRTLGCR O,E,OU,RBIT,CORALK,Z(120),LIST6(24),PRT(4) F 20
INTEGEk PECALC,FECK F 30
DIMENSION LIST7(101), LIST8(15) F 40
LOUELE PRLCISICN

* MI(.120),KT(200),LOGKT(200),LOGKTO(20.0),MNTOT,LH2O,MU,NATOT,KT F 50
1OT,MGTOT,LITOT,r4H4TOT,KW F 60
COUBLE PRECISI&Ñ NSFEC(120),NREACT(20.0) F 70
COMMON MI,KT,LOGKT,LOGKTG,KW,D,E,OD,C,R,T,F,TEMP,A,6,PE,PES,PECG,P F 80
1ESATO,PECK,PECALC,PH,TENMPE,TENPH,ALFA(12O),GAMMA(12O),AP<200),XLA F 90
2LFA( 120),Z ,CUNITS(120),ANALMI(120),NSPEC,NREACT,GFW(120),DHA(120>9 F 100
30H(200),AH209LH2O,ERORI,EROR2,EROR3,EROR4, ERGR5 ,EHM,OENS,DOX,XLMI( F 110
4120 ),ITER,RoLT,C1SAVE,CORALK,MU,LCHEK(200),CO2TIT,ANALCO,SITOT,CAT F 120
SCT,MGTOT,KTOT,tJTOT,SG4TOT,FE:TOT,PTOT,ALTOT,FTCT,BTOT,LITOT,NH4TOT F 130
6,SRTOT,NATOT,CLTOT,MNTOT,ICK,PRT,TITL(20),EPMCAT,EPMA(4,NEQU,ISPEC, F 140
7KSPEC(120),IMIh,KM1N(200),TOS,IDAVES,IPRT,JJ,J.K' F 150
GATA LISTE/1,2,3,4,5,6,7,8,9,11,18,24,27,40,45,47,51,54,62,67,88,9 F 160
109101 ,102/ F 170
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GATA LIST7/40,41,141,51,43,18,114,42,22.151,145,49,53,20,13,14. 4,98 F 18.0
1,50,21,30,57,100,29, 12,56 ,113,120,97, 63, 28, 52, 111,112, 119,19,6.°.48 F 190
2,109,118,39,96,46,47,44,129,148, 68,99 ,110,11, 108,64 ,116,117, 58,67, F 2.00
359,61 , 15.0,55 ,45,142,115,54,102,37,10,1.01,14,7,143,38,66 ,62,32 , 6.0, lo E 210
47,146,154,155,156,172,173,174,175,176,177,178,179,180,181,183 ,:184, F 220
5185,186,187,188, 189,190.191 ,192,193/ F 230
DATA LIST6/107,108,109,11O,111,112,113,114,115,1.19,120,173,174•,175 F 240

1,1.77/ F 2.50
F 260
F 2.7 0

CALCULATION OF ION ACTI(tITY PROOUCTS F 280
DELTA = 1.0-40
00 20 I=1,24 F 290
IF (ALFA(LIST6(I>).LT. DELTA) GO TO 10 F 300
ALFA(LIST6(I))=GLOGIU(ALFA(LIST6<I))) F 310
GO TO 20 F 3,20

T.0 ALFA(LIST6(1>)=-2.004 F 330
} 2-0 CONTINUE F 340

AR(10)=ALFA(S)+ALFA(18) F 350
AP(11)=ALFA42)+ALFA(18) F 36.0
AP(12)=ALFA,(1)+AP(11)+ALFA(18) F 3.70
AP(13)=ALFA(1)+ALFA(18) F 380
AP(18 )=ALFA(1)+ALFA(6) F 390
AP(19)= AP(18 )+2.00.0*LH2O F 400
AP(20)=ALFA(2)+2.DO*ALFA(27) F 410
AP(21 )=3.O.0-ALFA (2)+2.D0*ALFA(24)+6.0.0*ALFA (27)-5.00*LH20 F 420
AP.(22)=AP(13) F. 430
AP,(28 )=2.00*ALFA (2)+ALFA(24)+4.000*-<ALFA(27)-LH20) R 440
AP.(29 )=ALFA-(1)+ALFA( 2)+2,D0 *ALFA(24)+4.D0*ALFA (2.7)-6.D0.LH2O F 450
AP(30 )=ALFA(2)+ALFA(24)+2.00*ALFA(27)-3.00*LH2O F 460
AP(32)=2.D0*ALrA(1)+5.U0*ALFA(2)+8.U0*ALFA(24)

1 + 14.0.0*ALFA(27) - 22.D0*LH2O F 480
AP(37)=2.0.0*ALFA( 2)+3.DO *ALFA(24)+4.DO*ALFA(27)-•4.500*LH2O F. 490
AP(38 )=3.D.O*ALFA(2)+4.DO*ALFA(24)+6.00*ALFA(2.7)-1.01*LH2O F 500
AP.(39)=4.0.0*ALFA(2)+3.00*ALFA(18)+2.00-ALFA(27>+3.00*LH20 F 510
AP(40>=ALFA(4)*ALFA (54)+3.D0*ALFA(24)-8.00*LH2O F 520
AP(41)= AP(40 )-ALFA(4)+ALFA(3) F 530
AP(42)=ALFA(1)+2.00*(ALFA(54)+ALFA(24))-8.00*LH20 F 540

} AP.(43 )=ALFA(3)+ALFA(54)+2.00*ALFA(24)-5.00*LH20 F 550
AP(44)=ALFA(4)+3.00*(ALFA (54)+ALFA(24))-2.D0*PH-12.00*LH2O F 560
AP<45)=ALFA(4)+ALFA(54)+3.00*(ALFA(2)+ALFA(24))+6.00*ALFA(27)

* -1.01+LH20 F 580
AP(46)=.600*ALPA<4)+.2500*ALFA(2)+2.300*ALFA(54)+3.50C*ALFA(24) F 590

1 -1.200*PH-11.200*LH20, F 600
AP,(47>=2.DO»(ALFA<54)+ALFA(24)-PH)-7.00*LH20 F 610
AP(48 )=AP(47) F 620
C1=(DSORT(MI(1)*GAMMA(1)+MI(2>*GAMMA(2)+MI(3)* GAMMA (3))) F 630
IF (C1.GT.C.0) C1=DLOG10(C1) F 640
IF (C1.LE.0.000) C1=-2.04 F 650
AP(49)=. 3300 -C1+2.3300»ALFA(54)+3.6700*ALFA(24)-2.00*PH-12.00*Lh20 F 660

} AP(50 )=5.D0*ALFÁ(2)+2.DO*ALFA(54)+3.00*ALFA( 24)+8.D0 *ALFA(27)
* -1.01*LH2O
AP•(51)=ALFA (4)+3.D0*ALFA(51)+6.DO*ALFA (27)+2.D0*ALFA(6) F 680
AP(52)=ALFA(51)+3.DO*ALFA(27) F 690
AP(53)=AP(52)-LH2O F ,7.00
AP(b4)=2.00*ALFA(54)+4.00*ALFA(24)-2.00*PH-12.00*LH2O F 710
AP,(55)=.500*(ALFA(3)+ALFA(4))+ALFA(54)*3.D0*ALFA(24)-7.D0*Lh2C F •720

l
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APl56>=ALFA(3)+ALFA(54)+3.5 0 0*ALFA(24)-6.00*LH2O F 730
C2=t)•i1(3)*GAMMA(3)+MI(4)*GAMMA(4)) F 7a0
IF (C2.GT..0.000) C2=0LOG10(C2) F 750
IF (C2.LE..0.00U) C1=-2.04 F 760
AP.(57>=.50.0*C2+ALFA(54)+5.D0*ALFA(24)-8.5D0*LH2O F 770
AP(58)=.500*CZ*ALFA(54)+4.5D0*ALFA(24)-8.00*LH20 F 780
AP(59)=ALFA 0 )+ALFA(7) F 79.0
AP(bU)=3.DU*ALFA(3)+ALFA(7>+ALFA(18)+2.00*LH20 F 800
AP ( 62)=2.D.0*ALFA(3)+ALFA(18)+LH2 0 F 810
AP(51)=AP(62)+9.00*LH2G F 820
AP(63)=ALFA(1>+2.00*ALFA(62) F 830
AP(G4)=.16700*4LFA(1)+2.3300*ALFA(54)+3.6700*ALFA(24)-2.D0*Ph

K gi} 1 - 12.UU*LH2O
AP(65)=ALFA(3)+ALFA(5) F 860
AP(66)=2.D.0*ALFA(3)+ALFA(6) F 870
AP(6.7)=AP(b6)+1.01*LH2 0 F 880
AP(68 )=ALFA(S)+ALFA(67)+PH F 890
AP,(96)=5.0.G *ALFA (1)+3.D0* (ALFA (47)-LH20)+4.00 *ALFA (27) F 900
AP(97)=5. D.0*ALFA(1)+3.00*(ALFA(47)-LH20)+3.D0 *ALFA (27)+ALFA(12) F 91.0
AP(98)=ALFA(24)-2.00*LH20 F 920
AP(99) =ALFA (4)+7.D0 *ALFA (24)+PH-9.0.0*LH2O F 930
AP(100)=AP(98) F 940
AP(101)=AP(98) F 950
:*P(1Q2)=AP(98) F 960
IF tDAbStPE).LT.20.D0) GO TO 30 F 9.70
GO TO 40 F 980

3.0 CONTINUE F 990
AP(1.07)=3.00*ALFA(8)+2.D0*ALFA(45>+8.00*LH2O F 1000
AP•(108)=3.0G*ALFA<9)-2.00*PE+4.00*LH20+8.00*PH F 1010
AP1 (1091=2.00*ALFA(9)+3.00*LH2O+6.00*PH F 1020
APt110>=AP(109) F 1030
AP(111>=ALFA(9)+3.D0*ALFA(27)-LH20 F 1040
AP<112)=3.0.0*ALFA(8)+2.00*ALFA(24)+6.00*ALFA(2.7)-5.00*LH2O F 1050
AP(1.13>=ALFA(9)+3.00*(LH2O+PH) F '1.060
AP.(114)=AP,(45)+3.D0*(ALFA(S)-ALFA(2)) F 1070
AP(115)=ALFA(8)+2.00*(ALFA(67)+PE+PH) F 1080
AP(119)=3.00«ALFA( )+4.00«ALFA<67)+2.OQ*PE+4.00*PH F 1090
AP.(120)=AP468) F 1100
AP(173)=ALFA(102)+2.00*LH2O+4.00*PH+PE F 1110
AP(174 1 =AP(173) F 1120
AP,(175)=AP(173) F 1 130
AP(177)=3.0G*ALFA(101)+4.D0*LH2 0 +8.00*PH+2.00*PE F 1140
GO TO 60 F 1150

40 CONTINUL F 1160
DO 50 I=1,15 F 1 1. 70
JK=LISTS(I) F 1 180
AP(JK)=-6000.00 F 1190

50 CONTINUÉ F 1200
PECK=1 F 1210

6.0 CONTIMUE F 1220
} AP(116)=.29D0*ALFA(2)+.23D0*ALFA(9)+1•.5800*ALFA(54)

1 + 3.9300*ALFA(24) - 10.00*LH2O F 1240
AP<117)=.4500•*ALFA(2)+.3400*ALFA<9)+1.4700*ALFA(54)+3.ü200*ALFA(

*24) - 9.20.0*LH2O+.7600*PH F 1260
AP(118)=3.D0*ALFA(2)+ALFA(.1)+4.00*ALFA(18) F 1270
AP(129)=ALFA+(1)+2.0G*ALFA(54)+4.00+ALFA(24)-8.00*LH20 F 1280
AP(141)=AP-(52) F 1290
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AP(14L>=2.(t*(:LFA ( 1>+ALfA(54>.NH)+3.p0*ALF�(24)-8.D0+LH2C F 1300

AP- ( 143 )= f.LFA(8o )+ ALFA ( 18) F 1310
AP(144 )= ALFA ( 8r)+ALFA ( 6) F 1320

AP(145 )= ALFA(9C)+ALFA ( 6) F 1330
AP(146)=ALFA(9C)+ALFA(18) F 1340
AP(147 )= ALFA ( 9)+ALFA ( 45)+2.00 * LH2O F 1350
AP(148 )= 2.00*ALFA ( 1)+4.00 * ALFA ( 54)+8.D0 * ALFA ( 24)-17.00*LH2O F 1360
AP(150 )= ALFA(2)+ALFA ( 18)+3.DO * LH2O F 1370
MP(151>=2 . íU*ALFA ( 1)+ALFA ( 18)+2.D0 * ALFA ( 27)+3.U0*LH2O F 1380

AP(172 )=ALFA( 1U1)+LH2O + 2.00*PH F 1390

AP(176 )= 2.00*ALFA ( 102)+3 . 00*LH2U + 6.D0*PH F 1<

AP(178)=ALFA ( 101)+2 . D0*ALFA ( 27) F 1410

AP(179)=ALF A( 102)+3.0G*ALFA(27) F 1420

AP(150 )= i.LFA(1ú2)+2.00 ; LH2C+3.00*Ph F 1430

AP(181 )= ALFA ( 1 6 1)+ALFA ( 18) F 1440
AP(183 )= ALFA ( 101>+2.D0*ALFA ( 5) F 1450
;(P(164 )= AP(163 )+ LH2O F 1460

AP(185)= AP(183 )+ 2.G0*LH2O F 1470

AP(186 )= AP(183 )+ 4.G0*LH2 0 F. 1480
AP(187 )= 2.00*ALFA ( 101)+ALFA ( 24)+4.D0 * PH F 1490

AP(188 )= 2.UO*ALFA ( 101)+ALFA(24)+2.00 * PH-LH2O F 1500

AP(189 )= ALFA ( 1U1)+ALFA(b7 )+ PH F 1510
AP(190) = ALFA ( 101)+ALFA ( 6) F 1520

AP(191)= 2.G0*ALFA ( 102)+3 . D0*ALFA ( 6) F 1530

AP(i92 )= 3.í.C*ALFA ( 101)+2 . 00*ALFA ( 45) F 1540

AP(193 )= ALFA ( 1O1)+ALFA ( 47) F 1550
AP,(154 )= AP'(37) F 1560
AP(155 )= AP(52 )- LH2O F 1570
AP(156 )= AP(129 )- 2.00*LH20 F 1580

WRITE ( 11,140)
WRITE ( 11,150)
CO 100 I=1 , 102 F 1610
IF (IMIN . EC.0) GO 70 80 F 1620
K=G F 1630
00 70 J=1 , IMIN F 1640

IF (LIST7 ( I).EG.KM1N ( J)) K=1 F 1650
7.0 CONTINUÉ F 1660

IF (K.EG . 1) (,C TO 80 F 1670

�.- GO TO 100 f 1680

8.0 CONTINUE F 1690
IF (AP ( LIST7 ( I)).LT.-77.00.OR.AP(LIST7 ( I)).GT.75 . 00) GO TO 90 F 1700

IF (LCHEK ( LIST7 ( I)).EC.1) GO T0 90 F 1.710
DUX=AP ( LIST7 ( I))-ULOG10 ( KT(LIST7(I))) F 1. 720

IF (DUM . GT.75 . G0) GO TO 90 F 1730
XIAP=10 . 00**AP ( LIST7 ( I)) F 1740

RAT=XIAP / KT(LIST7 ( I)) F L750
XLRAT = 0LOG10 ( RAT) F 1760

DELGR = C*R*T*XLRAT F L7,70
(.RITL ( 11,1t0 ) LLST7 ( I),NREACT ( LIST7 ( I)),XIAP , KT(LIST7 ( I)),AP(LIST7( F 1780

1I)),LCGKT ( LIST7 ( I)),RAT , XLRAT,DELGR F 1.796

GO TO 100 F 1800

90 IF ( AP(LIST7( )). LT.-5000.000.OR . AP(LIS77(I)).67.5000.0000)
* GO T0 100
XLRAT=AP ( LIST7 ( I))-LOGKT ( LIST7(I)) f 1820

7 DELGR=C*R*T*XLRAT F 1830

URITE(11,170 ) LIST7 ( I),NREACT(LIST7 l I)),AP(LIST7(I)),LOGKT ( LIST.7(I) F 1840

1),XLRAT , DELUR F 1850

{
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**** PROGRAM WATEOF **** A FORTRAN IV VERSION OF VVA.TEG A 10

10.0 CONTINUÉ F 1860
IF (PLCK.EG.1.MND.PECALC.NE.0) GO 70 110 F 1870
GO TO 130 F 1880

1LO wRITE<11,180) F 1890
00 120 I=1,15 F 1900
URITE(11,180)NREACT(LISTB(I)) F 1910

120 CONTINUE F 1920
1,10 CONTINUE F 1930

RETURN F 1940
F 1950
F 1960

14.0 FORMAT (/1) F 1970

150 FORMAT (/1,22X,'PHASE',9X,'IAP',10X,'KT',SX,'LOG IAp',4X,'LOG HT', F 1980
16X,'IAP/KT',6X,'LOG IAP/KT',SX,'OELGR',/) F 1990

16.0 FORMAT (1H ,17X,I3,1X,A8,2(2X,1PE11.4),2(2X, 0PF9'.4)t2X,1PE11 .4,2(2 F 2000
1X,.0PF1G. 5)) F 201.0

17.0 F'ORMAT (1H ,17X ,I3,IX ,A8,28X,2(F9.4,2X),11X,2(2X,F1 .0.5)) F 2020
180 FORMAT (///,20X,'PE IS GREATER THAN 20 OR LESS THAN -20',/,20X,' AN F 2030

1D THE FOLLOWING MINERAL REACTIONS NAVE BEEN DISREGARDEO ',/) F 2040

19 0 FORMAT (1H ,20X,A8) F 2050
ENO F 2060-

SUBRCUTINE GETFIL(FILNAM,LEN)

i

IMPLICIT 0006LE PRECISION4A-h,0-Z)
UIMLNSION FILNNM(1),ATEMP(32)
CATA 8LK/' '1

CALL TYPA('INPUT FILE NAME=',16)
REAO(1,1) ATEMF
FORMAT(32A1)
LEN = 32
00 100 I=1,32
IF(ATEMP(LEN) NE. bLK) GO TO 110
LEN = LEN - 1

)0 CONTINUE
:LO CONTINUE

ENCOOt(32,1,FILNAM) (ATEMp(I),I=1,32)
RETURN
ENO

)



1 tia.,a
:f,Kf

' ?1 MINERAL OR
IJ'r NUMBER MINERAL NAMES SPECIES ABR. REACTION

�Ilh4k 1 ----- KFE +3 Fe+2 = Fe+3 + e
cd i¡'„, . +2 +2 +{r.�. 2 ----- KFEH+2 Fe + H 0 = FeOH + e + HrYh. 2 a

.Ik 3 KFEOII+ Fe + 1120 = FeOll + H

4 ----- KFEOOH Fe + 21120 Fe0011 + 311

?N'i`k4 5 ----- KFESO4 Fe+2 + S0
2 = FeSO+ + e

4 4
+2 +2

¡,y Y 6 ----- KFECL Fe + C1 = FeCI + e mh' A
+2. - +

"{> 7 ----- KFECL2 Fe + 2C1 = FeC1 + e2é¡1ii.l�é iñ - r•

8 ----- KFECL3 Fe + 3C1 = FeC13 + e

9 ----- KFESO Fe + SO4 = FeSO4
ffl +2 2

10 siderite SIDERITE FeCO = Fe + CO33 3
}r"'�''1 +2 -2

11 magnesite MAGNESIT MgCO3 = Mg + C03
r 1r1.,;�¡ O

1.2 dolomite DOLOMITE CaMg ( C03)2 = Ca + Mg + 2C03

+2 -2 a
k@i,':,¡ 13 calcite CALCITE CaCO = Ca + CO ñ3 3

14 ----- KH3SIO H S10 = H Si0 + H4 4 3 4

a':,,s,•� 15 ----- KH2SIO 11 45101 = H2SiO4 + 2H

+ 3 2tt'y ,it 16 ----- K1IP04 H + P0 = 11P04 4

+ -3 -
17 ----- K112PO4 211 + PO4 = H2P04

+2 -2ltir�i? 18 anhydrite ANHYDRIT CaSO4 = Ca + S O 4

S�';'k!

`1'



�!Al¿ 19 gypsum GYPSUM CaSO4.2H20 = Ca
+2 + SO42 + 2H20

20 brucite BRUCITE Mg(OH)2 = Mg+2 + 20H

21 chrysotile CHRYSOTL Mg3Si2O5(OH)4 + 51120 = Mg + 2H4Si04 + 60 11

°wi }1 22 aragoníte ARAGONIT CaCO = Ca+2 + CO 2
3 3

ua
23 ----- KMGF Mg+2 + F = MgF+

"i +2 2
y.`! 24 ----- KCASO4 Ca + S04 CaSO4

25 ----- KMGOH Mg+2 + OH MgOH+

26 ----- KH3B03 H3B03 = H+ + H2B03

ft`,s< Ñ 27 ----- KNI13 N114 = NH3 + H+

28 forsterite FORSTRIT Mg2S104 + 4H20 2Mg+2 + 2H4Sí04 + 40H;,,,•,¡• 1,
+2 +2

29 dioPside DIOPSIDE CaMgSi 2
0
6
+ 6 11 2

0 = Ca + Mg + 211
4
Si0

4
+ 40H

J¡fq;i,N�' 30 clinoenstatite CLENSTIT MgSiO2+3
+ 3N2 0 PIg + H4 S104 20H

2
431 KN�);'!fs;:lh, ----- AIIPO Na+ + HPO4 = NaHPO

ati?'t'Si
+2 +2 -

Si0 + 1401132 tremolite TREMOLIT Ca2Mg5S1 8022 (011) 2 + 22112 0 = 2Ca + 5Mg + 8H4 4

33 ----- KKHPO K+ + HP042= KI1P O4

34 --- KMGi1PO Mg+2 + 1iP0 2= MgHPO°
4 4

35 ----- KCAHPO Ca + HPO-
2=

CaRIPO°
4 4

36 ----- KH2C03 liCO3 + H+ = H2C03

��• ' +2
37 sepiolite SEPIALIT Mg2Sí3O7 5(OH)-31120 + 4.5H20 = 2Mg + 3H4S104 + 4(011)



f':4
,af''

I i Í

�'r S f

t'r. t

'lírf�}i 38 tale TALC Mg3Si4010 (0H)2 + 101120 3Mg+2 + 4H4S104 + 60H

dlY;�?tl 39 hydromagnesite HYDMAG Mg5 ( CO3)4 (
OH)2. 41120 = 5Mg+2 + 4C032 + 201 + 41120411ij.,,t'a;

„-, 40 adularia ADULAR KA1Si308 + 81120 = K + A] (OH)4 + 3114St04
I�l11i;�;`•

{G°� 41 albite ALBITE NaAlSi 0 + 811 0 Na
+

+ Al OH
-

+ 311 Si0
3 8 2 4 4 4

5 ! -

a1:,?�ñüS 42 anorthite ANORTH CaAl Si 0 + 811 0 = Ca+2 + 2A1(OH) + 2 11 Si0
C,l`f

2 2 8 2 4 4 4

ár4" 43 analcime ANALCM NaA1Si206H20 + SH20 Na+ + A1(0H ) 4 + 2H4Si04
cfq„ is

¡;1f¡:gis 44 muscovite KMICA KAl Si 0 (011) + 1211 0 = K + 3A1 ( 0H) + 311 Sí0 + 211
3 3 10 2 2 4 4 4

y ,{{ r'IV1 45 phlogopite PHLOG KMg3A1S13010 ( OH)2 +
101120

= K + 3Mg + A1 (OH)4 + 3H4Si04 + 6011
".'11'•1 ;'.v

46 illite ILLITE K 6M . 25A12.3S13 . 5010(011)2+11 . 21120 = .6K++.25Mg+2+2.3A1(OH)4+3 . 5H4Si04+1.211+

47 kaoliníte KAOLIN Al Si 0 (OH ) + 7 11 0 - 2A1(OH) + 211 SiO + 2H+
2 2 5 4 2 4 4 4

ry ' 48 halloysite HALLOY Al Si 0 (OH) + 711 0 - 2A1(0H) + 2 11 S10 ' + 2H2 2 5 4 2 4 4 4

49 beidellite BEIDEL ( Na,K,htg ) Al Si 0 (011) +12 11 0 .33(Na , K,1:S11g ) +2.33A1 (O 11 ) +3.6711 S10 +211
.33 2.33 3.67 10 2 2 4 4 4

50 chlorite CHLOR Mg5A12Si3010(OH)8 + 101120 = 5Mg+2 + 2A1(OH ) 4 + 3114Si04 + 801i� -
^ek•1" 51 alunite ALUNIT KAl ( SO) (011) - K+ + 3A1+3 + 2S0 2 + 60113 4 2 6 4

'3tS;¡tjr 52 gibbsite GIBCRS Al(OH ) 3 = Al + 3011
1rr,;�,pa +3 -
��!53 boehmite BOE1IM A10 ( 011) + 11 20 = Al + 3011
7 �I' f

54 pyrophyllite PYROPH A12S14010 ( 0 11 )2 + 121120 = 2A1(OH ) 4 + 4H4SiO4 + 211+

55 phíllipsite PHILIP Na K Al Si 0 • H 0 + 7 11 0 = 0.5Na+ + O.SK+ + Al(OH) + 311 S10
.5 .5 3 8 2 2 4 4 4

+56 erionite ERION NaA1Si3 509. 3H20 + 61120 = Na + Al ( 011) 4 + 3.5114S104



ì.Irfd 1:J.'�j'
57 clinoptilolite CLINOP (K,Na)A1S15012 • 3.5H20 + 8.5H20 = ( K,Na)

+ + A1(0H)4 + 5H4S104

58 mordenite MORDEN ( Na,K)A1S14.50113H2O + 81I2O = ( Na,K)' + Al ( OH)4 + 4.5H4S104
f1u; a� +

ir°!•�':• 59 nahcolite NAHCOL NaHCO = Na + HCOlli}rit:, 3 3

60 trona TRONA NaHCO3Na2CO32H20 = 3Na + HCO + C03 + 2H20

+ -2}: p. + 61 natron NATRON Ha2CO
3 • 1OH2O = 2Na + C03 + 1OH2O

L N
62 thermonatrite THRNAT Na2CO3H20 = 2Na + CO3 + H20

lh;" 63 fluorite FLUOR CaF2 = Ca+2 + 2F

`E!�t 64 Ca-montmorillonite MONTCA Ca Al Si 0 ( 0H) + 12H 0 = .17Ca+2 + 2.33Al (0H) + 3.67H Sí0 + 2H+
17 2.33 3.67 10 2 2 4 4 4

l`� tir!�Rt + -Pb1'':1'" 65 halite HALITE NaCl = Na + Cl

+ -2
4;.jl 66 thenardite THENAR Na2SO4 = 2Na + SO

U 67 mirabilite MIRABI Na so 10H 0 = 2Na+ + SO 2 + l0H 02 4 2 4 2

68 mackinawite MACKIT FeS + H = Fe + HS

69 ----- KHC
O
3 CO2 + 11+ + HCO

3 3

70 ----- KNAC03 Na+ + CO 32 = NaCO
" tik s

! 'i'u ----- KNAIICO3 Na+,{�r,• 71IIL + TICO = NaHC03
3

72 ---- KNASO4 Na + S0 = NaSO4 4

2
'ti¡73 ----- KKSO4 K + SO = KSO

4a;, 4 4

74 ----- KMGC03 Mg+2 + 0032 = MgC03

( y4¡jlll 75 --- KMGHC03 Mg
+2

+ HCO = Mg11C0+
1 bY+_ 3 3



tia ;,+ a-0;�,„„; + ,
---- - ...- .-- -._.--------- - ----- -

rl {.
E <¡!w 76 ----- KMGSO4 Mg+2 + SO42 = MgS04

77 ----- KCAOH Ca+2 + OH = CaOH+

78 ----- KCAHC03 Ca+2 + HC03 = CaHCO3

79 ----- KCACO3 Ca+2 + CO 2 = CaCO°

CaF+"'k4K 80 ----- KCAF+ Ca+2 + F 3 3

81 ----- KAL011 Al + OH = AlOH

82 ----- KALOH2 Al + 20H = Al (OH) 2

83 ----- KALOH4 Al + 4011 A1( 0H)

84 ----- KALF Al+3 + F = A1F+2

!!"i i`: y
85 ----- KALF2 Al+3 + 2F = A1F+

2

86 ----- KALF3 Al+3 + 3F = A1F3

87 ----- KALF4 Al+3 + 4F = A1F4

+3 - 2 +i;i-rytJ;t 88 ----- KALSO4 Al + S04 = A1SO4

+3 -2
89 ----- KASO42 Al + 2S0 = A1(SO )

4 4 2

90 ----- KHSO4 H+ + SO 2 = HS O
4 4

Lk''¡'x+11 91 KH2SC SO42 + 1011+ + 8e 112S + 4H20

92 ----- KH2S 11
2
S = 11 + lis

93 ----- KHS HS H + S2

94 --- KOXY .5H20 = .2502 + H + e

N.IJF.1'''1, 17



95 ----- KCH4 HCO
3
+ 8e + 91+ = CH4 + 3120

96 hydroxyapatite HYXAPT Ca5(PO )j (OH) + 3120 = 5Ca+2 + 311PO 4 2
+ 4014

97 fluorapatite FLUAPT Ca
5
(PO

4
)
3
F + 311

2
0 - 5Ca+2 + 3HP O

4
-2 + 30H + F

98 chalcedony CHALC Si0 + 2H 0 = H Si0re'1 2 2 4 4

99 magadilte MAGADI NaSí 0 (OH)
- 3N

0 + H+ + 91 0 Na+ + 7H S10x�( 7 13 3 2 2 4 4

100 cristobalite CRISTO S10 + 2H 0 - H Si02 2 4 4

101 silica gel SILGEL S10 + 211 0 = H Si0yt 2 2 4 4

4i 102 quartz QUARTZ Si0 + 211 0 = H SiO2 2 4 4

g á•sl;¡, u, 103 ----- KFEOH2 Fe + 2120 = Fe (OH) 2 + 2H +e

'Fe+2+ 31120 = Fe(OH)3 + 311+ +e'104 ----- KFEOH3

105 ----- KFEOH4 Fe+2 + 4120 = Fe (011) 4 + 41++ e

`I�1i:f'(•
----- +2 = +

106 KFEOH2 Fe + 2H Q Fe(OH)0 +21
2 2

tlly.'. +2 - 3107 vivianíte VIVIAN Fe ( PO) 8H 0 = 3Fe + 2P0 + 811 0
3 4 2 2 4 2

108 magnetite MAGNET Fe 0 + 8H
+

- 3Fe
+3

+ 4H 0 + e1 „+ 3 4 2

109 hematite HEMATI Fe 0 + 611+ = 2Fe+3 + 311 02 3 2

110 maghemite MAGHEM Fe203 + 6H+ = 2Fe+3 + 311
2
0

111 goethite GOETH FeO(OH ) + 11
2
0 Fe+3 + 30H

112 greenalite GREENA Fe Si 0 (0H) + 5H 0 = 3Fe+2 + 2H SiQ + 60H
3 2 5 4 2 2 4

; + +3113 amorphous Fe(OH)3 FEOH3A Fe ( 0H)3 + 3H = Fe + 31120



>1i 4'ñT'

+ +2I:r-,1;gy 114 annite ANNITE KFE3AlSi3010(0H)2 + 1OH20 = K + 3Fe + Al(0H) 4 + 3H4Sí04 + 60H

+ - +2
115 pyrite PYRITE FeS2 + 2H

+ 2e = Fe + 211S

¡kt, 116 montmorillonite MONTBF (H,Na,K)0 28Mg0.29Fe0123Al 1.58Si3.93010(OH)2
+ 10.04H20 =

+ +2 +3
0.28(H,Na,K) + 0.29Mg + 0.23Fe + 1.58 A1(0H)

�i�'•.k'.�," +3.93 H S i04 4
117 montmorillonite MONTAB (H,Na,K)0.42Mg0.45Fe0.34A11.47S13.82010(011)2 + 9.16H20 + 0.84H

=0.42(H,Na,K) +0.45Mg+2 + 0.34Fe+3 + 1.47A1(0H) + 3.82 H Si0
4 4 4

h, v• 118 huntite HUNTITE CaMg3(C03) 4 = 3Mg+2 + Ca+2 + 4C032

+ - +2
119 greigite GREGITE Fe3S4 + 4H + 2e - Me + 4HS

fi•� 6�

áff �1J 120 amorphous FeS FESPPT FeS + H = Fe + HS

! e'} 121 KFEH2P Fe+2 + H2PO4 = FeH2PO4

122 -------- KCAP04 Ca+2 + PO 3 CaPO
4 4

tr.T;}`? 123 KCAH2P Ca+2 + H2PO4 CaH2PO4

124 ------- KMGP04 Mg + PO
.3

= MgPOg 4 4
;'jf; ,,: +2 - +

125 --------- KMGH2P Mg + H2P04 = MgH2PO4

126 - KLIOH Li+ + OH L1O11°

127 +--------- KLISO4 U SO
2 =LISO

4 4
128 --------- KNH4R NO

3
+ 1011 + 8e - NH4 + 3H20

¡?.r;

{`I<� 129 Laumontite LAUMON CaA12Si4012 4H20 + 8H20 Ca+2 + 2A1(OH)4 + 4H4Si04
�;`iál �tf +2 - +5 ri. 130 --------- KSROH Sr + OH = SrOH

tls';'. 131 --------- KBAOH Ba + OH = BaOH+

132 --------- KNH4SO NH+ + SO-2 = NH S04 4 4 4



:: .. using analogy between CrHPU; aud
\Ig11P0,; that ¡a, log K=1408+
(2.37-2.74)=1.513, sí

,
1,=3,400 by

analogy with CaH,PO;.

125 .... [.i011° ............ Li'+011�LiO11° 0.200 4,832 ACr=-273, Af1r=4,832 obtained by
fitting best straight line in log K vs.
1/T piot oí data in Sitien and
M artell (1964).

1'-'6 .... LiSO; ............. Li*+SO;'=I.iSO; 0.640 ............ Log K=0.64 (Sillen and iMartell,
1964).

127. .. ........... N0;+1011'+3c =Nf1;+311,0 119.077 -187,055 GCfand AHr fronr270.3.
128 .... Launiontitt.......... CaAI, Si, 0„• 411, O+1111, 0=Ca*' -31.053 39,610 ACf and AHf froto Zen (1972).

241(011); +-11 1, Si 0-,
129 .... Sr0l1............. . Sr*'+Otl-=Sr0ll* 0.821) 1,150 Log K=0.82, AHr=1,150 (Sillen and

Martell, 1964).
131) .... Badil'' ............. Ba"+01I =Ba01t' 0.640 1,750 Log K=0.64, AHr=1,750 (Sillen and

\lartetl, 1964).
131 .... NII,SO;............ N11'+SO;'=NII,SO; 1.110 ---- Log K=1.110 (Sillen ami Ntartell,

1964).
132 ....IICI° ............... 11`+CI=11CI° -6.100 18,630 LogK=-6.1, Af1r=18,630 (Flelgeson,

1969).
133 .... NaCI° .............. W+ CI-=NaCt' -1.602 Log K=:-1602 (Ffanna and others,

1971).
134 .... KCI° ................. K*+CI=KCI° -1.585 ......... Log K=-1.585 (Flanna and others,

1971).
135 .... H, S0, ............... 2H*+SO;' =H, SO, -1.000 ------ Fí*+HSO,=FI,SO,; log K=-3, (Sillen

and Martell, 1964).
Eh=0.70 from equation (1) oí Sato136 .... H,010, (aqueous) ..... 0.511,0=0.25U,(aq)+H +e- -11.385 --
(1960).

137.... FICO, ...............C0,(g)+11,0=11, CO3 -1.452 -5,000 GCfand Aftf from270.3.
138 .... FeFIPO°, .............. Fe*'+11PO;'=FellPO, 3.600 --------- Log K=-3.6 (Nriaou, 1972b).
139 .... FeHPO; .............. Fe"+L1PO;'=FetIPO;+e- -7.613 --•----- Fe"+HPO;'=FeIIPO,; log K=S:t

(Nriagu, 1971).
140 .... Al(011), (amorphous) ... AI(011),=A1*' +3011• -31.611 12,990 ACf ami Aflf froni Latiwrr (1952).
141 .... Prehnitc ............. Ca, Al, Si, 0, J (011), +811, 0+ -11.695 10,390 oCf and 2,111 froto Zen (1972).

211*=2Ca" +2A1(011); +311, SiO,
142 .... Strontianitc ........... SrCO,=Sr*' +CO;3 -11.789 2,361 GCf and Allf froni R and W.
143 .... Celt-=tite .............. SrSO,=Sr*'+SO;' -6.349 -1,054 Do.
144 .... Barite ................ BaSO,=Ba*'+SO,' -9.773 6,141 GCf and allí froto R and W.

_ 145 .... Witherite ............. BaCO,=Ba*'+CO;' -13.335 6,950 Do.
146 .... Strengitr. ............. FePO, •211, 0=Fe 3 +PO;' +211, 0 -26.400 -2,030 Lo; K=-26.-1 (Vriagu, 19726); AHf

from R and N.
147 .... Leonhardite ........... Ca, Al, Si, 0„ •7H, O+17H, 0=2Ca" + -69.756 90,070 GCf and GFI1 froto R and N.

4Al(011); +811, Si0,
148 .... Na, S0, .............. 2Na'+SO;' =Na, S0, 1.512 -2,642 Log K=1.512, AHr=2,642 from tog

K(T) expression in Lafon and
Truesdell (1971).

149 .... Nesquehonite...........MgCO,-311,0=Mg*'+CO;'+3H,0 4.999 -4,619 ACf and Allf from Robie and Ilem-
in'vay (1972).

150 .... Artinite .............. 1IgCO,.\tg(OH),'3H,0=2Mg*' -17.980 198 ACf and AHf froin llomingwav and
+CO;' +2011-+m, o Robie (1972).

151 .... FI,0/0, (aqueous) ..... 0.511,0=0 250,(aq)+1-1'+e- -21.495 33,457 ACf:nu1 AHr from 2711-3.
152 1-12 ................. 11,0=11*+01i• -13.998 13,345 Do.
153 .... S.:piolite (precipitatc) ... Mg, St,0,,,(011)•3i1,0+4.511,0= -37.212 - Log K=-37.212 (Wollast and others,

2AIg" +311, SiO: +4011- 1968).
154 .... f)iaspore ............. A100H+11, O=AI'' +30H- -35.121 15,405 ACí and A111• from 270.3.
155 .... SVairakite ............. CaAI,Si,O„•21í, 0+101-1,0=Ca*'+ -26.708 26,140 GCf ami AHf from 7,cn (1972).

2Al(0H);+41{, Si0,
156 .... FcH,P0;'............ Fe*'+ti,PO;=Fei{,PO"+e- -7.583 - Fe*'+H,PO;=Fc14,1'0¡'; log K=

-5.43 (Nriagu, 1972b).

ACTIVITY COEFFICIENTS availahle but are perhaps the most widcly used and are

In the lirnit of infirtite dilution, a consequence of the generally consislunt with the functions used to correct

definition of the standard state for ions in solution is that alI experimental deterntinations to infiuitc dilution. Thc Dcbye-
ionic activities approach ionic concr.ntrations andactivity Iluckel theory provides un equation which describes siuvle-



152 ----- K02AQ 0.5H20 - 0.2502(a9) + H + e

153 ----- KW H20 = H+ + oil-

154 sepiolite SEP PT Mg2Si307.S(Oii).3H20 + 4.SH2O 2Mg+2 + 3H4Si04 + 4011

155 diaspore DIASP A10OH + H 0 = Al+3 + 30H2

156 waírakite +2WAIRKT CaAl
2
Si

4
012.2H 2

0 + 101
2
0 = Ca + 2A1(OH)4 + AH45104

'• 157 ----- KFEHP2 Fe+2 + H PO = Fei PO+2 + e2 4 2 4

GI�is 158 ----- KMN3+ Mn+2 = Mn+3 + e
+2 +t

v. 159 KMNCL+ Mn + Cl = MnCl

a«h,,, 160 ----- KMNCL2 Mn + 2C1 = MnC10

51 161 ----- KMNCL3- Mn + 3C1 MnC13

-----162 KMNOH+ Mn+2 + OH = MnOH+
Yi"�r;c4

?(� 163 ----- KMN (OH) 3 Mn+2 + 30H = Mn(OH) 3

164 ----- KMNF+ Mn+2 + F + MnF+

165 --- KMNSO4 Mn+2 + S04 - MnSO
4

;'?>.�'• 166 ----- KMNN03.2 Mn+2 + 2NO3 = Mn(NO3)2

KMNHC03+ Mn
+2 + HCO-3 MnIICO+167 ----- Í3

5.!,I



'411, . a.:, wvw-• �._.. . _.._.

•

168 ----- IQM1104- Mn+2 + 4H20 Mn04 + 8H+ + 5e

169 ----- "04-- Mn+2 + 41120 = Mn04 + 8H+ + 4e
ji.

{ 170 ----- BLANK

171 ----- KHMN02-- Mn+2 + 21120 = HMnO2 + 3H+

172 manganosite MANGANO MnO + 2H+ = Mn+2 + 120

�• 173 pyrolusite PYROLUST MnO 2 + 41+ + e Mn+3 + 2H20

174 6, birnessite BIRNSITE MnO2 + 4H+ + e = Mn+3 + 21120 J

+ - +3175 nsutite NUSTITE MnO2 + 4H + e = Mn, = 2H20

+ +3176 bixbyite BIXBYITE Mn 0 + 611= 2Mn + 3H 02 3 2

177 hausmanite HAUSMITE Mn3O 4 + 8H+ + 2e = 3Mn+2 + 4H2O

! �! 178 pyrochrosite MNOII2 Mn(01I)2 = Mn+2 A- 20H

179 Mn(OH) MNO113 Mn(011) = Mn+3 + 3011
I,:� 3 3

180 inanganite MANGANIT MnOOH + 311+ - Nn+3 = 2H20

+2181 rhodochrosite RIIODOCHR MnCO3 = Mn + co;3

182 -------- BLANK



1.ti +2¡, 183 Mnc12 MNCL2 MnC12 Mn + 2C1
�Itr°,p

"j(y 184 MnC12.H20 MNCL2,1W MnC12.H20 Mn+2 + 2C1 + H20

185 MnC12.2H20 MNCL2, 2W MnC12.2H20 = Mn+2 + 2C1 + 2H20

+2
186 MnC12.4H2O MNCL2,4W MnC12 4H20 = Mn + 2C1 + 4H2O

l.�11.r;F

187 tephroite TEPHRITE Mn Sí0 + 4H+ = 2Mn+2 + H SiO2 4 4 4

188 rhodonite RHODONIT MnSiO + 2H+ + 11 0 = Mn+2 + H SiO
3 2 4 4

189 MnS(green) MNS GRN MnS + H+ = Mn+2 +

+2 -2190 MnSO4 MNSO4 MnSO4 Mn + S04

191 Mn2 (SO 4) 3 MN2SO4, 3 Mn2 (SOL+) 3 2Mn+3 + 380 2

4
?x li'• .
}I't ;Kif 192 Mn (PO ) MN3PO4,2 Mn (PO) 3Mn+2 + 2P0, 3

3 42 3 42 4

)
+,.

193 Nn}IPO4 MNHP04 MnííP04 = Mn+2 + HP042

Ug,

IX.


