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ABSTRACT

WATEQF is a FORTRAN IV computer program that models the thermodynamic

.speciation of inorganic ions and complex species in solution for a given

water analysis. The original version (WATEQ) was written in 1973 by A. H.
Truesdell and B. F. Jones in Programming Language/one (PL/1). With but

a few exceptions, the thermochemical data, speciation, activity coefficients,
and general calculaticn 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 & test case for
comparison, snd makes available a listing of WATEQF.



INTRODUCTION

WATEQF is a FORTRAN IV computer program that models the thermodynamic
speciation of inorganic ions and complex speciss in solution for a given
water analysis. The original version (WATEQ) was written by Truesdell and
Jones (1973) in Programming Language/ona (PL/1). With but a few exceptions,
the thermochemical data, speciation, activity coefficients, and general
calculation procedure of WATEQF i{s identical to the PL/1 version. For
discussion of the program theory and original source of most of the thermo-
chemical data, see Truesdell and Jones (1974). It is the purpose of this
report to note the differences between WATEQF and WATEQ, demonstrate how
to set up the input data to execute WATEQF, provide a tast 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). The current version of WATEQF is written
in FORTRAN 77. -

DIFFERENCES BETWEEN WATEQF AND WATEQ

1. 1In addition to tha 100 aqueous species used in the WATEQ
aqueous model, WATEQF includes 14 species of manganese and
computes saturation data for 21 manganese minerals. See \~4/
Table 1 for the thermochemical data used.

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

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

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

5. .An optfon has been added that allows calculation of activity
coafficients of charged ion pairs from either the Debye-Hickle
equation or the Davias equation.

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

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

8. WATEQF now consists of a main program and 5 subroutines, PREP,
SET, MODEL, PRINT, and SAT. PREP reads the water data, converts
the units of concentration to molality, and calculates all "
temperature dependent data at the temperature of the water
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sample: SET initalize. values of individual species for the
iterative Mass Action - Mass Balance loop. MODEL qalculates
activity coefficients and solves Mass Action and Mass Balance
equations for the species considered. PRINT prints the results
calculated from the aqueous model, and SAT calculates and prints
the thermodynamic saturation state of the water with respect to
the various minerals considered by the program.

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

10. The aqueocus model will not be solved on analyses if pH 1is outside
the interval 3.0 - 11.0, or if there is greater than 30 percent
error in charge balance. This procedure is useful in screening
data for punching and/or errors in the analysis. The procedure
can be ignored, however, with the appropriate option specified .
in the input.

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

INPUT

The data matrix of species considered and thermochemical constants
18 read initially, either from disk or cards. The format of the data
matrix 1g,aummarized as follows: '

-

?zVariables - ' 'v Format
(NSPEC(I), Z(I), GFW(I), DHA(I), I=1,115) (5X, A8, 2X, I2, 3X,

. F10.4, 1X, F4.1)

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

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



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

Card Variatles Format Comnents
/
1 ' TITL 2044 Title
2 TEMP, PH, EHM, EHMC, (5(F6.0,1X), See description

EMFZ, DENS, DOX, FLAG, 2F5.0, 1X, 911, balow
CORALK, PECALC, IGO, 213)
(PRT(I), I=1,4) IDAV:3,

ISPEC, IMIN
3 CUNITS(I) (I=-1,2,3,4, (6E12.5,8X) Ca,Mg,Na,KX,C1,S0,
5,6) (ia order)
’{.C . .
4 CUNITS(I) (I=7,35,8,45, (6E12.5,8X) aco;,sib,.re.poa.
88,62). :

SR, F (in order)

H '
P [

Optional input appears here-—-—-- -

5 Blank card Required to note
\ ’ ‘ end of data for a
' particular analysis \/

DESCRIPTION OF INPUT VARIABLES

NSPEC(I) Names of the species

Z(I) Charge of the spacies

GFW(I) Gram formula wt. of ith species

DEA(I) _ ?ebye-ﬂﬂckel ? parameter for ith species

NREACT(I)  Name of ith reaction
DH(I) - aH? for 1th reaction (Kcal/mole)

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

TITL Genaeral description, identifying information, etec.
TEMP Temperature in degrees C.

pH Negativa log of the activity of hydrogen ion.

EHH' "Trua" Eh of solution to which no temperature

correction will be made (volts)

4=



EHMC

EMFZ

DENS
DOX

"FLAG

CORALK

\\_,/ PECALC

.

.1G0

PRT(I),
I=1,4

-~ .

.o

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

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

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

1
-1 S

Dissolved oxygen content (mg/l). v

Signal for units of input concﬁntrlﬁions (CUNITS)., O=mmoles/l1,
lsmeq/l, 2=mg/l, 3=ppm, 4-molality.

Carbon signal. Set to zerc (or blank) if the alkalinity

has not been corrected for si{lica, boron, etec. CORALK=] -
if this correction has been made, Normally, one would =
report alkalinity as HCO3 (and CO3 if detected) and set ,
CORALK to zerc. To input total carbon rather than alkalinity,
set CORALK to 2. Total CO, éan thén bé input as” HCO4, or;

if desired, as the individual epecies of HCO3 co; and nzco;

Hzco3 and CO3_gte read on an optional "CONC" card.
(H2C03 denotes H2C03 + coz‘q).

Signal for pe calculation. If PECALC = 0, pe 18 set to 100 .
and oxidation-reduction is ignored. =1 computes pe from Eh, -
=2 computes pe from dissolved oxygen, =3 computes pe from
dissolved oxygen using the Sato (1960) relation. =4 computes
pe from SO, /S . _

=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.

'Signals wﬁich vhen get to some non-zerc vdlde (say 1) omit

print of: 1I=l1, thermochemical data table; I=2, mass balance
convergence iterations; I=3, ion ratics; I=4, mineral saturation
calculations. Set PRT(4) = 9 for a limited print of saturation
indices including calcite, dolemite, siderite, rhodocrosite,

;T, gypsum, celestite, barite, hydroxyapatite, vivianite, fluorite,

amorph. FeOOH, goethite, hematite, gibbsite, birnessite, manganite,
silica gel, silica glass, chalcedony, quartz, kaolinite,

- ‘gsepiolite (ppt. ), sepiclite, FeS (amorph.) and Mackinawite.

To obtain the above printouc. leave the appropriate value of
PRT(1) blank or zero. L . VAR
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ISPEC

IMaN

Signal used to indicate desired method of calculation of activity
coefficients, vy, of charged fon pairs, If |, the Davies
equation,

i b § +r

i3 used. 1If zero. or blank, the Debyes-Hiickel equation,

-A 2 \T
i+ Bai\fi-

is used. A and B ars constants that depeind on the dielectric
congtant, density and teamperature of thae solvent, Zj is the
charge on the ion, I i3 lonic streagth (I= 1/2 I, my Iy, where
mi is the molality of the ith fon), and ag is the "ion size”
parameter. As a genaral rule, the Davies equation ia probably
accurate to ionic strengths less than 0.5 and tha Debya-Hickal
equation i3 more accurate at ionic strength lass than 0 1
(Sspmm and Morgan, 1970). Activicy coefficients of Catt ’ Mg
Na', xt » C17 SOA, COB, and HCO, are always calculated from
the extended Debye—Huckel equations of Truesdell and Jones
(1974).

log Yy =

Number of species desired in output (1f less than total
numbar possible for the given watar analysis). Leava ISPEC
blank or zaro to obtain output for all possible species for
the defined system. If ISPEC is greater than zero, ISPEC
values of KSPEC (specias index numbers) must be read (Type
1 optional input; sea below).

Numbar of minerals for which saturation data are raquired
(1f less than tha total possibla). Leave IMIN blank (or
zero) to obtain saturation data on all possibla minarals
for tha dafined system. If IMIN is greatar than zaro,

IMIN valuesa of KMIN (minaeral reaction index aumbers) must

ba raad (Type 1 optional input; sea balow).

fotal concantration (units of FLAG) of Caleium (1), Magnesium
(2), Sodium (3), Potassiua (4), Chloride (5), Sulfatas (6),
Carbou. as HCO e (7), Silica, as 310 s (35) Iren (8), Phoaphata,
as Po (45), Strontium (88), and Fluoride (62), whare tha
nunbers in parantheses are tha appropriate species index numbers

in the program. To anter other spacies, usa Type 2 optional
input cards (sea below).

-/
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DESCRIPTION OF OPTIONAL INPUT

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

Type 1 Optional Input

These cards are used to limit the number of Species or minerals in
the output. Omit these cards to obtain the complete calculated results

_for the given water analysis. To specify individual species for which

output is desired, read ISPEC values of KSPEC(I),

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

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

Variable Format
(RMIN(I), I=1, IMIN)  (1615)

where KMIN(I) is the index number of the ith mineral reaction for which

saturation output is desired. Mineral index numbers are listed in the
data tables of Attachment A. If values of both KSPEC(I) and RMIN(I) are
entered, KSPEC(I) must be read before KMIN(I).

Type 2 Optional Iaput

Type 2 optional input cards are used to (1) enter the total concen-
trations of species not included on cards 3 and &4 ("CONC" card(s));
(2) change the convergence tests on mass balance for anion spegies ("EROR"
card); (3) change AH® (“DELH" card(s)); (4) change log K at 25°C ("TABL"

-card(s)); or, (5) chiange existing analytical expressions for logK(T), or

enter pew 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 S cases of type 2 optional input in a single data set, providing
the sequencing 1s 1., "CONC", 2., "EROR", 3., "DELH", 4., "TABL",

- 5.; "LOGK".. The form-of type 2 optional input cards is

Variable o Format |
(WORD, (INT(I),VAL(I), I=1,5)) (A%,1X,5(13,E12.5))

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

" "CONC" enters concentration (units of FLAG) of cunstituents not on card
3 and 4. INT(I) = 17 (H3S), 18 (003), 39 (NH,), 51 (A1), 81(Li), 85
(NO4), 86 (RZCO3). 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-ERORS ara entered on tha "EROR" card
as VAL (1) - VAL (5). In the order l=carbon, 2=sulfate, 3=fluoride,
4=phosphate, 5=chloride. Values of INT(I) are not used.

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

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

of the ith reaction (see Attachment A) for which DH(I) is to be changed
and VAL(I) i3 the appropriate new valua of DH(INT(I)).

"TABL" overrides values of LOGKTO(INT(I)) (log K of reactionm at 25
degr- 23 C used in computing tha temperature dependence of equilibrium
constants from the Van't Hoff equation). INT(I) is the index number
of the ith reaction (see Attachment B) for which LOGKTO is to be ‘
changed and VAL(I) is the appropriate new value of LOGKTO(I). S

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

2

Log RT(INT(I)) = A + BT + C/T + DT® + E/T,

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

Values of A,B,C,D, and E for analytical expressions pre~set in the program
are listed in the data tables of Attachment A. Nota that the analytical
exprassion for reaction (26) 1is further modified in the program (see card
B1600 of Attachment B). If any of the cards, "EROR", "DELH", "TABL",
"LOGK", ares used in a particular water data set, calculations for that
data set and all subsequent data sats will use the new input values. The
last card in each water analysis data sat must be blank, whether option
cards are usad or not. ’
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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
will not be corrected for temperature. If the redox potentizl with Calomel
reference was measured in the field and it is desired to correct that
measurement for temperature, the measured value should be read as EHMC
(in volts). EHM must then be greater than 9.0. Any value of EHMC less
than 9.0 is then considered real and a temperature-corrected Eh (EHM)
is computed. If no Fh was measured, EEMC and EHM should be greater than
9.0, If the Eh-Calomel of a standard Zobell's soclution was measured in
the field, read the value as EMFZ (in volts) and EHMC will be corrected.

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

Oxidation-reduction equations used in calculating the distribution
of species are written in terms of pe. pe can be computed from Eh, dis-
solved oxygen, or SOZ-/ S*. If PECALC = 1, pe 1s calculated from Eh.
1f PECALC = 2, pe 1is computed from dissolved oxygen. If PECALC = 3, pe
is computed from dissclved oxygen u using the relation of Sato (1960). If
PECALC ™= &, pe is computed from S0, / S™ (provided SO} and total H S
are entered). ‘If PECALC = 0, redox relations are ignored. 1If pe i
be computed from dissolved oxygen, a real value of DOX must be read, and
to calculate pe from Eh requires either a real value of EHM or EHMC to
be read.

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

ERM - EEMC EMFZ " pox PECALC
1) <9 9 > 9 blank 1~
) <9 >9 > 9 >00 —~—0=.. 2 -

) se <9 . >9 “blank 1 o
4 9 <9 >9 >0.0 . 2 P
5)  >9 <9 <9 blank 1
6)  blank blank blank  blank 0

or >9 or >9 or >9 ’



1) Eh i3 to be used without correction and pe is to be computed from
Eh.

2) Same as 1) but pe i3 computed from dissolved oxygen.

3) Eh was measured in the fiald and it i3 deaired to correct that
measurement for temperatura. The Eh of staandard Zobell's
solution was not measured. pe i3 to ba computed from Eh.

4) Sama as 3) but pe is to ba computed from dissolved oxygen.

S) Eh was measuraed in tha field as well as the Eh of standard
Zoball's solution. pe is to ba computad from Eh.

6) No information on oxidation-raduction is availabla, and redox

ralations ara to be ignored. DNote: For this case the iron
and manganese concantrations are automatically set to zaro.

Other possibla options should be obvioua from these axamples.

QUTPUT

The output of WATEQF consists of a tabla of data constants used in
the calculations (printed once). The output for each water analysis lists
the titla card and tabulates most of tha input daca. At the end of each
iteration through the equilibria equations, the differanca between the
computed and analytical anion spacies is tabulated so that coanvergence
prograss can ba followed. When convergance on the aquaous modsl has been
obtainad, various paramaters that describe tha solution are printed.

Soma of thasa are ionic strangth, activity of water, comparison of com=-
puted and analytical charge balance, pH, pe, temperatura, Pcoz, Poz. total

dissolved solids, and othara. The concentration of sach aqueous apacies
(value greater than zaro) is printed as ppm, molality, and activity, and
log values, as well as fonic activity coefficients and their logs. !lble
ratics aad log activity ratios ara computed and tabulated. The activity
product of 101 minerals and their saturation index, 4G, and logK are

.printed. Saturation output for minerals in which the activity of aan ith

spacies in the reaction 13 zaro ara omitted from tha tabulation., Parts
of tha output can be dalated with appropriate values of PRT(I), as des-
cridbad above, and by use of the ISPEC and IMIN options.

«lQ=
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162
163
164
165
166
167

NREACT

Source

SIDERITE 1
DOLOMITE 2
CALCITE 3
ANHYDRITE 4
CYPSUM 5
ARAGONIT 3
KMGOH 6
KNAHPO 7
KKHPO 7
KH2003 M/
FLUOR 8
KHCO3 3/
KMGCO03 9
KMGHCO] 10
KCAHCO3 3
KCACO3 3
KCAF+ 11
KC02 3
STRONT 12
CELEST 13
BARITE 14
KSRHCO3+ 12
KM 3+ 15
KMNCL+ 16
KMNCL2 16
KMNCL3- 16
KMNOH+ 16
KmMi(on)3 16
KMNF+ 16
KMISO4 17
KMNNO3, 2 16
KMIHCO3+

=
TR

am.

e
y
°
ac
‘o3t ‘
ac
S
a

0 @1 & ot

Table 1: Revised Thermochemical Datal/.-ll

8H®_logK 25°C

Analytical Expression for log K(T°K)3/

‘:‘f"fa

¢

~6.14 =10.57
-9.436 =-17.09
-403 -‘.384
0.0 0.29
0.0 0.29
-10.50
4.12 0.94
6.141 -9,978"
25.760 =25.507
0.0 0.607
0.0 0.041
0.0 -0.305
0.0 3.449
0.0 7.782 -
0.0 0.850
3.700 1.708
~0.396  0.059
0.0 1.716

=171.9065 - 0.077993T + 2839.319/T + 71.595 log T

82.090 - 3853.936/T - 29.8115 log T,
-171.9773 - 0.077993T + 2903.293/T + 71.595 log T
0.684 + 0.0051T ~

+356.3094 + 0.06091964T — 21834.37/T ~ 126.8339 log T + 1684915./T2

+107.8871 + 0.03252849T —~ 5151.79/T - 38.92561 log T + 563713.9/12
0.991 + 0.00667T

2.319 -.011056T + 2.29812x107T2 :

1209.120 + 0.31294T - 34765.06/T -478.782 log T

=1228.732 - 0.299444T + 35512.75/T + 485.818 log T

108.3865 + 0.01985076T ~ 6919.53/T - 4045154 log T + 669365. /T
155.0305 ~ 7239.594/T - 56.58638 log T
73.415 - 3603.341/T - 29.8115 log T

-3.248 - 0.014867 T

-]3~-
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168
169

170 -

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

Ravisad Thermochemical Data (continuad)

AH? _Togk 25°C

Analytical Exprassion for log R(T°K)

176,620 -127.824
150.020 ~118.440

Table 1:
NREACT Source
KMNO4~ 16
KIMNQ4— 16
KSRCO3 12
KHMNQ2 = 19 0.0
MANGANO 20 =25.025
PYROLUST 20 -29.180
BIRNSITE 21 0.0
NUSTITE 21 0.0
BIXBYITE 20 =15.245
HAUSMITE 20 -30.140
MNOH2 21 4,100
MNOH] 19 20,090
MANGANIT 21 0.0
RHODOCHR 20 -2.079
KSRS04 22 1.6
MICL2 20 -17.6822
MNCL2,1W 16 -7.175
MNCL2,2W 16 1.710
MNCL2,4W 16 17.380
TEPHRITE 20 -40.060
RHODONIT 20 ~-21.883
MIS GRN 19 =5.790
MNSO4 16 =15.480
MN2S04,3 19 «39.050
MN3P04,2 19 2,120
MNHPCS 16 0.0

~34.440
17.938
15.861
18.091
17.504
'00611
61.540
-12.912
=35.644
-0,238
-~10.539
2,55
8.760
5.522
3.974
2.710
23.122
9.522
3.800
2,669
-5u711
=-23.827
«12,947

li=

-1.019 + 0.012826 T
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Data Sources for Table 1

"l Log K of Smith (1918) recalculated using the WATEQF aqueéﬁé model

at 30°C,

2. Robie, Hemingway and Fisher (1978).

3. Plummer and Busenberg (1982).

4., Log K of Harvie agd Weare (1980) adjusted to be consistent with
log K gypsum. AH_ from Parker and others (1976).

S. Calculated from :Eg data of Marshall and Slusher (1966) using
the aqueous model of WATEQF.

6. McGee and Hostetler (1975).

* 7. Estimated using the pH and composition of NBS buffers

(6.86 and 7.41), and charge balance,
8. E, A, Jenne (1975), oral communication to B, F. Jones,
9. Siebert (1974)0

10, Fit to the data of Siebert (1974).

11. Nordstrom and Jenne (1976).

12, Busenberg, Plummer and Parker (in prep.).

13. Calculated from the data of Gallo (1935) for SrSO; precipitated
as gsven by Linke and Seidell (1965) and cousistent with the
8:003 ion pair of Smith and Martell (1976).

14, Parker, Wagman and Evans (1976). :

15. 46§, aE? W', Vagman, et al, (1969). 4GP, aH M

16, Wagman, et al, (1969)

17. AGg, Hem (1963), Aﬂg Wagman, et al, (1969).

18, Hem (1963).

19. Latimer (1952).

20. Robie and Waldbaum (1968).

21, Garrels and Christ (1965).

22. Smith and Martell (1976)

3 Latimer (1952).

Footnotes to Table 1

1/ No sttempt has been made for internal consistency of thermodynamic
data in WATEQF. Responsibility for selection of thermodynamic data
rests with the user.

2/ The fon pairs Nazcog and Na,SOf are no longer used in WATEQF. The

. caF*, srHcot, SrCo$ and SrSOQ ion pairs has been added to the model.

3/ Reactions are written as in Attachment C.

4/ Reactions 36 and 63 have been changad from dissociation (in WATEQ)
to association in WATEQF. For the most part, all ion pair reactions
are written as association in WATEQF, that 18, most ion pair equilibria
show the pair ss a product. All mineral equilibria are written with
the solid as reactant. See Attachment C for deteils of all reactions
in WATEQF.



List of daty cards for test case
HEEN

SEA WATER TEST CASE PROM NORDSTROM, ET AL, PAPER IN ACS SYMPOSIUM,
25.0 8.22 0.500 9.9 9.9 1.023 6.6 301000001 ©0 o

412.3 1291.8 10768, 399.1 19353, 2712,
142.682 4.28 0.002 0.06 8.14 1.39
CNC 98 67.3 87 4.45 90 0.02 85 0.29 39 0.03

GNC 51 0.002 8l 0.18 101 0.0002
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v1 KFE 43

> 3]

9.7000
20,1150
13.2180

- 30.3000

13.6100
18.1520
0.0000
0.0000

©3.2300

=6.1400
«6.1650
=9.4360
~2.2570
8,9330
2%.7170
=3.5300
-4.5200
-4.3000
=-0.0280
0.8500
27.5850
-2.5890
4.6740
1.5000
2.0500
3.21%0

. 12.4770

4.8700
21.1000
6.6750
0.0000
50.21%50
0.0000
3.3000
3.3000
=2.1770
26.5320
45,0650

=25.5200
. 30.8200

25.8960

- 17.5300

18.2060
67.8600
0.0000

'54.6840

49.1500

- 44.6800

60,3550

OUTPUT OF TEST CASE

-13.0380
.=15.2280
=5.5000
=31.0000
-5.1180
=-11,6000
-10.9190
=-11.9250
2.2500
=10.5700
=§.2400
=17.0500
~8.4800*
«9,9250¢
-21,.6170*
12.3450
19.5530
=-4.3840
-4.6020¢
-11 .4100
=-51. .00
-8.3460*
1.8200
2,3090
2.2100*
-§,2350*
=9,2440¢
=28.1100
«~36,2200
=16.8700
0.2900
=140.3000
0.2500
2.8700
2.7350
6,.3520¢
=40.1000
«62.2900
=37.8200
=20.5700
«18.0000
-«19,.3300
«12.7600

-63.5300
«-40.3100
=36.9100
=32.8200
=45.2600
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12 FE(CH) 3
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ggﬂgﬁgggﬁ"
5 B 5§
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RES
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BeBgAE
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PEE
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SIEREERED
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GEW

40.0800
24.3120
22,9858
39.1020
35.4530
96.0616
61.0173
55.8470
55.8470
72.8544
72.8543
106.8690
151.8200
34.0799
151.9086
91.3000
34.0799
60.0094
41.3194
43,3104
84.3214
85.3293
120,3736
§6.1135
§5.1075
94.0995
17.0074
126.7530
57.0874
101.0573
100.0850
136.1416
162.2060
151.9086
60.0848
61.8331
60,8251
17.0306
18.0385
119.2834
121.299)
82.9992
83.9909

-119.0514

94.9714
135,1636
§5.9794
$6.9873
$9.0734



50 CIR
51 ALINIT
52 GIBCRS
S3 BOEHM
S4 PYROPH
S5 PHILIP
56 ERION
S7T QA.nOP
58 MORDEN
59 NAHCOL
60 TRONA
61 NATRCN
62 THRIAT

§4 MINICA
65 HALITE

§7 MIRABI
§3 MACXIT
69 X033
70 ™NACC3
71 KNARQO)
72 KNASO4
73 KXSO4
74 RMCOO3
73 GEO03
76 RIGSO4
77 RCXCH
78 RCAROD3
79 RCACCS
80 KCAF+
81 RALCH
82 RALOR2

50 KHIO4
91 KE2SC
92 X223
53 KH3

i

KAGADT
100 snGm,
10} SIIL1AS
102 QUART?
133 o533
104 xrecd
105 xreced
106
107
108 MAGNET
109 EDMATI

i

54.7600
29.8200
14.4700
11.5050
0.0Cuv0
0.0000
0.0000
0.0000
0.0000
3.7200
=18.0000
15,7450
-2.8020
4,7100
$8.3730
0.9180
«0.5720
18.9870
0.0000
-3,5610
8.9110
0.0000
1.1200
2.2500
2.7100
1.0770
4.6000
1.1500
4.1100
3.5560
4,1200
1.4300
0.0000
'n 01 500
0.0000
20.0000
2.3000
0.0000
2.1500
2.8400
4.9100
~§8.4400
5.2990
12.1000
34.1570
-37.43%0
12,2250
19.6350
4.681%0
0.0000
5.5000
4.4400

=40.6600
«30.8430

-90.6100
~85.3200
-33.4100
-42.4300
~19.8600
0.0000
0.0000
0.0000
-0,5480
~0.75%0
-1.3110
0.1250
-10.9600
-45.0000
1.5820
~-0.1790
-1.1130
-4.6310
10.3250*
1.2680
=0.2500
0.7200
0.8470*
2.9800*
1.0660*
2.238
1.4000
1.0950*
3.2240*
0.5400
9.0300
18,7000
33.0000
7.0100
12.7500
17,0200
13.7200
3.0200
4.5200
1.5870*
0.5440
~5.3420°
=12.9180
=20,7800
30.7410
=53.3500
-£5.7500
«3,5230

-] 8w

S0 NAHPO4
51 AL

$2 ALCH

53 AL(QH)2
54 AL(CH)4

58 ALP4
60 AL(SO4) 2
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110 MAGHEM 0.0000 6.3700 110 Mi(N03)2 0 0.0 176.9360
111 GOETH 25,5550 -44.1970 111 Mauco 1 5.0 115.95%
112 GREENA 0.0000 ~63.1900 112 o4 -1 3.0 118.9400
113 FECHIA 0.0000 - 4.8850 113 MO4 =1 5.0 118.%400
114 ANITE 62.4800 -64.2400 114 SRSO4 0 0.0 183.6800
‘115 PYRITE 11.3000 ~-18.4800 115 BR -1 5.0 87.9480
116 MONTBF 0.0000 <=34.9700

117 MONTAB 0.0000 =29.7800

118 HUNTITE  ~25.7600 -30.5100
119 GREGITE 0.0000 -=17.9700

120 FESPPT 0.0000 =3.91%0
121 KrFER2P 0.0000 - 2.7000 -
122 KCAPOY 3.1000 "~ 6.459%0

© 123 KCAH2P 3.4000 1.4080
124 KMGPO4 3.1000 €.58%0
125 RGIZP 3.4000 1.5130
126 XLICH 4.8320 0.2000
127 KLISH 0.0000 0.6400

128 KNH4R -167.0550 119.0770
129 raoMH 35,6100 -30.9600

130 KSRCH 1.1500 0.8200
131 KBxH 1.7500 0.6400
132 Kui4so 0.0000 1.1100
133 KL 0.0000 ~30.0000
134 ACL 0.0000 ~30.0000
135 KRCL 0.0000 ~30.0000
136 K254 0.0000 =30.0000
137 RO2 SAIO 0.0000 ~11.3850
138 KCR «4.7760 =1.4680
139 KFEEFO 0.0000 3.6000
140 KFRHP+ 0.0000 -7.6130

141 ALGH3A 12,9900 <=31.6100
142 FRENT 10.3%00 -11.5200
143 STRONT =-0.4000  -9.2710*
144 CELEST 0.2280  -6.5760*
145 BARITE 6.140 =9.5780
146 WITHERIT €.9500  -8.5850
147 STRENCIT  -2.0300 =26.4000
142 LEN - 90,0700 -69.57C0
142 XSRHO® 6.0500 1.1600¢
150 NESQUE -5.78%0  -5.2110

151 ARTIN -1.8420 ~18.4000
152 XK 2 33.4570 -21.4950
153 W 13.340  ~13.99520*
154 SEP PT 0.0000 =37,2120

155 DIASP =15.4050 ~=35.0600
156 WAIRKT 26.1400 = =26.6200

157 KFEP2 0.0000  =7.5830
158 o 3+ 25,7600 ~25,5070 .
159 s+ -~ 0,0000 0.6070
160 Q2 0.0000 0.0410
161 a3~ .. 0.0000 . ~0.3050
162 RocH+ 0.0000 3.44%0
163 pei{aN 0.0000 7.7820
164 R2w+ - 6.0000 0.8500
165 RS04 3.7000 1.7080

166 pemo3,2 ~0.3960 0.05%0
167 pamas+ 0.0000 1.7160
168 0004~ 176.6200 ~127.8240

163 RAOL—  150.0200 =118.4400



170 KSRCO3
171 M2~
172 MANGAND
173 PYRCTUST
174 BIRNSITE
175 NOSTITE
176 BDBYITE
177 HAUSMITE
178 MCR2
179 G0
180 MANGANIT
181 RHCDOCHR
182 XSRSO4
133 MNCL2
184 WX12,1W
185 Q12,20
186 MNC12,4W
187 TEPHRITE
188 RHCOQVIT
189 MNS GRN
150 MNSO4
191 M2s04,3
192 MGPOL,2
193 MEPOY

5.2200
0.0000
-24.0250
=-19.1800
0.0000
0.0000
-15.2450
~-80.1400
4.1000
20.0900
0.0000
~2.0790
1,5000
-17.6220
-7.1750
1.7100
17.3800
~40.0600
~21.8850
~5.7900
"150 4800
-39.0600
2.1200
0.0000

G ol .

2.8100*
=34.4400
17.9380
15.8610
18.0910
17.5040
=0.5811¢0
61.5400
=12.9120
=35.6440
=0.2380
-10.5350
2.5500
8.7600
5.5220
3.9740
2.7100
23.1220
9.5220
3.8000
2.5690
-5.7110
-23.8270
-12.9470

"*" DENOTES THAT AN ANALYTTCAL EXPRESSION POR KT HAS BEEN USED

SUMMARY OF ANALYTICAL EXPRESSIONS CFF THE PORM
IOG K = A+B T/ THD*TY 2+ 5/T** 242105 T

I NREXCY

13 CALCITE
14 RE3S5I04
13 XKRSIO
19 SYPSUM

22 ARAGONIT

23 o
26 KD
27 e
3§ K2
T )
73 KX304
74574000
78 IMGHO3
73S XCARCED
79 rcACo3
90 XHSO4
92 rus
143 STRONT
144 CRLEST
149 XsmHOD
153
170 xsrom

A

«171.9053
§,35680
39.4780
82.0904
=171.9773
0.6840
28,5059
0.6322
355.309¢
107.8871
3.1060
0.9910
2.3190
1209.1200
-1228.7320
-3.3508
11.1700
158.0303
73.4150
=-3.2480
-506.5220
-1.0190

-~

¢
C

~0.0779930*2  2839.3150
-0.016346030
=0,065927000
0.000000000
-0.077393000
0.005129500
0.012078000
=0.001225000
0.060919640
0.032328490
0.000000000
0.006670000
-0.011056000
0.312340000
=0.293440000
0.013341200
-0.023860000
0.000000000
0.000000000
0.014867000
-0.097611000
0.012826000
1 SEA WATER TEST CASE FRCM NORDSTRCM, ET AL. PAPER IN ACS SYMPCSIUM.

-3405.5000
-12358.1000
-3853.5360
2503,2330
0.0000
1573.2100
«2835.7600

0.0000
-34763.0500
35512.7500
557.2461
~3279.0000
~7239.5540
~3603.3410
0.0000
31286.0000
0.0000

o
D E 3

0.00002-01 0.000000E~01 7.15950008+01
0.0000E-01 0.070000E~01 0.0000000E-01
0.0000E~01 0.000000B~01 0.00000002-01
0.00008~01 0.000000E-01 ~2.38114805+01
0.00002-01 0.000000B-01 7.1395000E+01
0.0000E~01 0.000000E~01 0.0000000E~01
0.00002-01 0.000000E-00 ~1.32258002+01
0.00008-08 0.0000002-01 0.0000000E~01
0.00002-01 1.6849152+08 ~1.2683390E+02
0.00008-01 35.6371392+05 ~3.0325610E+01
0.0000E-C1 0.000000E-Q) 0.0000000E~-01
0.00000=01 0.000000E~01 0.0000000E~03
2,2981E-05 0.0000002-01 0.0000000E-01
0,00008-01 0.0000002~03 ~4.7878200E+02
0.00008~01 0.0000008-0F 4.8581300E+02
0.0000E~01 0,000000E~03 0.0000000E-01
0.00005-01 0.000000E~01 0.0000000E~01
0.0000E~01 0.000000E~0) -5.55856380E+01
0.0000E~0 0.000000E~01 ~3.7443700E+01
0.0000E~01" 0.0000002~01 0.0000000E~01
0.0000E~01 =2.170870B+06 2.1868434E+02
0.0000E~Q1 0.000000B-01 0.0000000E~01
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INITIAL SQALUTIN

TEMPERATURE = 25,00 DEGREES C P = 8.220
ANALYTICAL EFMCAT = 605.645  ANALYTICAL EPMAN = 605.585

4444 OXIDATION =~ REDUCTION ###we

DISSCLVED OXYGEN = §.600 MG/L

Ei MEASURED WITH CALOMEL = $.9000 VOLTS FLAG CORALK PECALC IDAVES
MEASURED EM OF ZOBELL SOLUTION = 9,5000 VLTS -~ 3 O 1 1
OCORRECTED B = 0,5000 VOLTS

PE COMPUTED FROM CORRECTED BM =  §.4%52

*%¢ TOTAL CONCENTRATIONS OF INFUT SPECIES *e*

TOTAL - LOG TOTAL TOTAL
SPECIES MOLALITY MOLALITY MG/LITRE
CA 2  1.0661es-02 =1.9722 4.21783E+02
] 2  5.50708E~02 =-1.2591 1.32151E+03
NA 1 4.85452E-01 =0.3139 1.10157E+04
K 1l  1.05786E-02 =1.9756 4.08279E+02
. @ -1 $.65772E~01 =0.2474 1.97981E+04
So4 -2 2.92608E-02 =1.5337 2.77438E+03
8O3 =1 2.40662E~03 . =2.6186 1.44941E+02
SI2 TOT 0  7.38%288E-0S -4.1318 4.37844E+00
FE 2 3.91173E-08 -7.4304 2.04500E~03
FOL =3  6.54794E-07 -£.1839 6.13800£~02
&R 2  9.62870E~0S -4.0164 8.32722E+00
F -~}  7.58306E-0S -4£.1202 1.42157E+00
N 1 1.72371E~06 =5.7635 3.06900E-02
AL 3  7.68264E-08 «7.1145 2.04500E-03
LT 1 2.70351E-05 ‘=4,5681 1.851635-01
‘N =l 4.84751E-06 . =5.3145 2.96670E-01
BTOT - 0 - 4.26659E~04 ~3.3699 4.55235E400
BA. 27 1.50931E-Q7 -6.8212 - 2.04600E-02
ER =1 . 8.72903E-04 =3.05%0 6.88479E+0L
M 2 3.77301E-09 -8.423) 2.04600E~04



**¢ CONWERGENCE ITERATICNS **¢
ITERATIN S1-ANALCO3 S2-SO4TOT  S3-FTOT  S4-PIOT  S5~CLTOT

1.3578-03  9.8838-02 4.799E~05 5.2768~06 1.507E-09
3.4578~04 S.120E-03  2.4388-05 4.487E~07 -1.809E-10
9.805E~06 -8.828E~05 1.80SE~07 -7.0348~10 2.773B-11
1.5778-06 1.1898~05 7,8852-08 9.551E-10 ~3.830E-12
1.0648-07 2.8058-07 4.176E-09 4.410E-11 -7.8168-14

SEM WATER TEST CASE FROM NORDSTRCM, ET AL. FAPER IN ACS SYMPOSIUM.

U e W N

#***DESCRIPTION CF SCLUTICN *s+

ANAL. P, M ACTIVITY H20 = 0.9805
EPMCAT  605.5 584.7 8.220 Q=  3.844557E-C¢
EPMAN 605.53  S84.74 LG e = -3,4152
TEMPERATURE RR = 3.546381E-17
B = 0.5000 PE= §.452 25.00 086 € FCH4 = 0.000000E~-01
P2 CAIC S = 100.000 CR TOT = 2.1064542-03
PE CALC DXX= 12.338 ICNIC STRENGTH DENSITY = 1.0230
PE SATO DXX= 2.248 §.7994228-01 05 =  35372.8MY/L
T AKX = 2.414E+00 MEQ CARB ALX = 2.346E+00 MEQ

BT = 35.355E-02 MR

IN COMPUTING THE DISTRIBUTION OF SPECIES,
PE= 08.452 IQUIVALENT B = (.500WLTS

DISTRIBUTION CP SPECIES

é

PN MUALITY AXTIVITY WG AT GMA

2 3.6391B+02 9.4104E-03 2.3458E~03 -2.630 2.45285-01

2 1.1471E+03 4.8904B-02 1.4083E-02 -1.851 2.8802E-01

1 1.0816E+04 4.78395-01 3.3793B~01 ~0.471 7.0609E-01
1 3.9267E+02 1.04088~02 6.4772B~03 <-2.189 6.22315-01

1 7.8448E-08 8.06628-09 6.0256E-09 -9.220 7.4702E-01
=1 1.9353E+04 35.56577E~01 3.52098~01 ~Q0.433 6.22312-01
=2 1.4332E403 1.3463B-02 2.75648-0) -2.553 1.8084E-01
8.4326E401 1.43242-03 9.6616E-04 -3.015 6.7452E~01
=2 2.1032E¢+00 3.6326E~05 7.5196E~06 -5.124 2.0701E-01
0 6.6763B-01 1.11588-03 1.3089E~08 -4.883 1.1733E+00
=1 3.84218-02 2.215%E~05 1.6580E~08 -3.780 7.4702E~01
=1 7.1244B-01 13.8867B~05 2.9034E~05 ~4.537 7.4702E-01
-1 6.7300E+01 8.7290B-04 6.5208E~04 ~=3.186 7.4702B~01
1 2.0370B~01 5.1095B-058 J.8170B~08 -5.413 7.4702E~01
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101 M

-107 MN(CH) 3
11

=BEE
%
g

2 WG
22 MGHOR
21 om0
20 MGF
29 -Gl
32 CASY AQ
30 CAHOD3
31 cAo3
49 CAF+
44 NASO{
43 NagnQo3
42 NAOOS
94 NACL
46 KSO4
95 KCL -
63 ESOY -1
24 BASIOIN O
25 H3SIOf =1
26 H2SI04 =2
8 FE
. SFE
10 FECH -
11 FECH
‘12 FE(CA) 3
77 FE(CH)2
78 FE(GH)3
79 FE(CH) ¢
80 FE(H)2
13 FENPO4
100 FEHPO4
€5 FEXRPOL
$9 FEI2PO4
15 FESOY
16 FECL
28 FEQL2-
33 FECI3

OFHOMFHOMMMFHOMFOMMOFO

102 »y
106 MCH

109 MNSO4
110 MN(x3)2 0
103 MNCL 1
104 MNCL2 0
105 Q3 -1
1
-1
-2
-

33

8

Ly

BoRRERBRE

jesseEe

L >3
o
P OIS N W

6.7662E+02
1.7440E+01
7.0310E+00
1.51142+00
7.2038E-03
1.5009E+02
4.1603E+00
6.26028+00
4.3265E~02
7.6256 E+02
1.2722E+01
$.0451E+00
$.7367E-27
2.2217E+01
1.4027E~28
2.0459E~04
6.6431E+00
2.01128~01
1.6236E~04

- 6.1303E-10

6.8315E~14

- 2.1783E~08

1.7185E-11
2.1072E-16
6.0351E-04
8.7651E~04
2.5883E-03
1.87208-14

. 1.531SE-16

5.6461E-14
1.0872E-15
3.8461E-17
4.1916E-13
2.5080E-13
2.4516E-13
6.9599E~15
2.2080E-10
1.1764E-04
4.4526E-2)
2.9902E-07
2.6103E-14
5.2003£-06
1,2291E-05
1.5327e-15
1.1494E-04
9.7768E-06
3,114 E-06
1,3566E~08
1.5361B-2¢
3.1528E-23
1,2526E-14
2,7238E-12
1.8354E-09
8.2277E-06
7.0299£~03
3.2082E-10
3.0156E-09
1,345602-09

3.76018~-11

3.52728-12

S.8259E~03
2.1183E-04
8.6422E~05
3.6169E-05
1.30758-07
1.1426E-03
4.2857E-0%
€.4826E-05
7.9411E-07
6.6387E-03
1.5693E~04
6.3051E~-05
1.01748-31
1.7036E~-04
1.9500E-33
2.1888E~09
7.1635E-05
2.1917E-06
1.7883E~09
1.1377E~14
1,2679E-18
3.0989E-13
2.4405E~16
2.0436E-21

. 6,9608E~09

8.5007E~09
2,1656E-08
2.1591E-19
1.0456E-21
3.8545E-19
7.3720E-21
2.6083E-22
2.8598E-18
2.8471E-18
2.0048E~18
4.43728~-20
1.5065E~-15
2.2193E-09
8.3999E-26
4.3136E-12
2,5532E-19
4,6480E-11
8.4362E-11
8.67682-21
1,3178E-09
8.0515E-11
2.0008E-11
1,9016E-13
1,3385E-29
2.7474E-28
1.4761E-19
1,0463E-16
4.3204E-14
1.3980E~10
7.6686E~08
7.23165~15
4.8102E~14
1.66128-14
3,78458-16

P 2,977

6.8132E-03 =2.167
1.,5824E~04 ~3,801
1.0107E-04 =3,995
2.7019E~-05 ~4,566
9.7701E-08 ~7.010
1.3363E-03 ~2.874
2.8908E~05 =4.539
2.9633E-05 ~4.528
$.9321E-07 -6.227
4.9593E-03 «2,305
1.8360E~04 ~3.,736
4.7100E-05 ~=4.327
1.1858E-31 =30.92%
1.2727E~04 -=3.89%5
2.2805E~33 =32.642
1.6351E-09 ~B8,786
8.3776E-05 ~-4.077
1.6373E-06 -5.786
5.5690E-10 =9.254
3.5429E-15 ~14.45)
9.18508~20 -19,037
9.6502E~14 -11.015
1.8231E-16 -15.739
1.5266E-21 ~20.816
$.1998E~09 -8.284
9.944E-09 -6.003
1.61772-08 -7,791
2.5251E-19 -18.598
7.8105E~22 -21.107
4.5078E~19 -18.346
5.5076E-21 <20.259
8012235'23 ‘22.090
2.1361E~18 =17.670
8.8650E~19 -18.052
1.4976E-18 -17.825
5.2009E~20 ~19.284
1.761BE~15 =14.754
6.9111E-10 =-9.160
6.0851E-27 =26.216
3.2223E-12 -11.492
1.5073E~19 -18.720
3-‘7225'11 -10.‘59
9.8660E-11 -10.006
1.03816-20 ~19.984
9.84460-10 =9,007
9.4161E~11 -10.026
1.4206%-13 -12.848
9.99918-30 =29.000
8.5555E-29 -28.068
1.1027E~19 -18.958
7.5797E-18 =17,120
1,3466E-14 -13.871
1.04442-10 9.981
$.7286E-08 =7.242
3.5933E-14 ~13.445

“1.9427E-14 ~13,712

2.8271E-~16 =13.549
2.2195E-17 -16.654

1.1655£+00
7.4702-01
1.1695E+00
7.4702E-01
7.4702E-01
1.1655E+00
6.7452E-01
4.5712e-01
7.4702E~01
7.4702E-01
1.1695E+00
7.47028-01
1.1695E+00
7.4702E~01
1.1695E+00
7.4702E-01
1.1695E+00
7.4702E~0L
3.1141E-01
3.1141E-01
7.24428~02
3.1141E-01
7.,4702E~01
7.4702E-01
7.4702E~01
1.1695E+00
7.4702E-01
1.1695E+00
7.4702E-01 -
1.1695E+00
7.4702E-01
3.1141E-01
7.4702E-01
3.11418-01
7.4702E~01
1.1655E+00
1.1695E+00
3.114E-01
7.24428-02
7.4702E-01
7.4702E-01
7.47 2E-01
1.1695E+00
1.1695E+00
7.47028~01
1.1695E+00
7.4702E-01
7.4702£~01
7.4702E-01
3.1141E-01
7.4702E~01
7.2442E-02
3.1141E-01
7.4702E-01
7.47028-01
3.1141£-01
7.4702E-01
1.1655E+00
7.4702E-01
7.4702E-01



60 AL(SOM)2 -;

45 P4
47 HPO4
48 HIPO4
40 MGPO4

. 73 MGHPOA

41 MGHRPO4

MOLE RATIOS FROM
ANALYTICAL MOUALITY

1.3953E-12
3.0245E-06
9.50398-03
3.8854E~04
1.0140E-02
3.31178-02
2.2302E-~04
2.81538-03
4.6141E-03
3.2958E~08
7.0421E~05
3.2358E~03
2.2109E+01
3.2503E+00
2.%000E~01
1.56065-03
2.73618-02
6.23465-03
1.7882E~01
1.0358E-06
3.2400E~02
§.4010E+00
6.5899E~02
1.37858-02
3.490SE~05

€.60032-18
3.3007E-11
1.0263E~07
4.15215~-09
1.7500E~07
2.85348-07
1.9056E-09
2.1606E~08
3.5148E-08
2.4921B5-10
5.40328-10
2.8150E-08
3.7059E-04
5.60672-05
4.8475E-08
3.43738-08
1.5721E~06
35.66332-08
2.57050-0%
4.48338-11
3.2602E-07
7.5717E=08
4.86485-07
9.67828-08
3.4577E-10

4.53068-18 ~17.307

2.39115-12
3.1950E~-03
3.1017E-09
1.30738-27
3.3371E-07
1.42355~09
1.6140E-03
4.1105E-08
1.86172-10
4.03628-10
2,1058E~08
4.3340E-04
4.1893E~03
3.62128-06
1.11078-07
1.1744E-08
4.2306E-08
1.9932E~05
5.24312~11
2.43558-07
2.3579E-08
3.48475-07
1.13195~07
2.5830E~10

MOLE RATIOS FROM
CQMPOUTED MOLALITY

* n.ﬁn

"7 . ‘95
-ansoa
~§.384
~5.477
-..8‘7
.70792
.1 03“
-90730
-3.394
.7.677
=-3.363
-4,378
-5.441
5,954
-5.330
=71.374
"‘0700
-6.513
-4.5827
-§.459
~5.546

7.47028~01

7.2442E-02
3.1141E-01

7.4702E-01

7.4702E-01
1.16558+00
7.4702E~01
7.4702E~01
1.1695E+00
7.4702E~01
7.47022~01
7.4752E-01
1.1635E+00
7.4702E-01
7.4702E-01
1.15952+00
7.4702E~01
7.4702E-01
7.4702E-01
1.1695E+00
7.4702E8-01
3.1141E-01
7.4702E~01
1.1695E+00
7.47028-01

LOG XCTIVITY RATIOS

Q/CQA = 5.3055E+01 Q/CA = 6.0122E401

Q/Ms = 102T4E+0} Q/ME = 1,1569E401

Q/MA = 1.1655B+00 CQ/NA = 1.1822B+00 LOG NA/HL
Q/k = 534835401 CQ/K = S.4358E+01 LOG R/HL
Q/AL = 7.360508 CQJ/AL = S5,40732413 LOG A/B3
C/FE = 1.5243B407 Q/FE = 4.97298+13 103 FE/R2
/S04 = 1.9336B+01 CQL/SO4 = 3.6589E401 LOG CA/MG
C/B003 = 2.3509B+02 2 QI/HCC3 = 3,.9499E+02 LOG NA/K
/M3 = 1.9360E~01 VMG = 1,32435-01

VX = {.58%0B+01 XWX = 4.5902EH01

=
-
=
= 1.98%
»
L

LG /2 = 13.8103
10G M/H2 = 14,5888

7.7488
6.0314
7.5397

-0.7783
1.7174

SEA WATER TEST CASE FROM NCRDSTRCM, ET AL. PAPER IN ACS SYMPOSIUM.

FPHASE

Iap

xr

40 AXLAR  2.354B~22 2.692B8-21
41 ALBITE 1.3322-20 1.000E-18
141 ALGDA  3.455P-35 2.455D-32

51 ALINIT

43 ALY 1.4995-16 1.9952-13
18 ANHYDRIT 6.5608-06 4.1308-05

114 ANITE

42 NOCRTR 6.324P-26 4.677B-20

LOG IAP IOG KT  IAP/KT LOG IAP/XT
=21.333 <20.570 9.4882-02 ~-1.02)

=19.875 -13.000
=34.462 -31.510

-93.339 -85.320
=13.624 -12.700 7.513B-04 -3.124
-5.183 -4.384 1.588B-01 -0.799
-99.510 ~84.240

=25.199 -19.330

1.,3328-02 -1.873
1.407E-03 -2.882

-8.019

.15 0370

1.3522-086 -5.869



e b Ll SIS

Ao b ol o nvtnd s e ¢ o Hianh FOBAN o0 dtiae
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22 ARSGONIT 1.764E-08 4.6135-09
151 ARTIN  1.0728-22 3.9812-19
145 BARITE 1.314E-10 1.052E-10

$3 BOEM = 3.524E-35 3.890E-34

20 ERUCITE - 3.872E-14 3.890E-12

13 CAIKITE 1.764E-08 3,3132-09
144 CELEST 6.593E-~08 2.6413-07

98 CHALC  8.714E-05 2.9973-04

50 GILaR )
.21 GIRYSOTL

30 CLINSTIT 3.441E-18 1.349E-./

$7T INOP 1.640E-28 1.060E+00

100 SIIGEL 6.714E-05 1.995E-03 -

29 DIOPSIDE 1.972E-36 6.026E-37
12 DOUOMITE 1.868E-15 6.1285-18
56 ERION  1.1728-22 1.0008+00
113 FECE3A  3.958E+05 7.S745+04
97 FLOAPT - V _
63 FLUR  1.976E-12 1.096E-11
28 PORSTRIT 1,359E-31 7.7625-23
52 GIDCRS - 3.455E-35 1.698E-33
111 GETH

112 GREENA : ’

19 GYPSUM  6.307E~06 2.4983-035
65 EALITE  1.190E-01 3.8192+01

- 48 HALLOY

109 HEMATT - 1.652E+11 $9.8402-05
118 HINTITE 2.096E~29 3.090E-31
39 HYIMAG :
96 HYXAPT
46 ILLITE
47 K2OLIN
44 RMICA
129 LAMCN  4.439E-34 1.096E-31
148 LEW
99 MAGADT  3,716E-23 5.0122-15
110 MAGHEM  1,662E+11 2.344E+06
11 MAGNESIT 1.0S9E-07 5.754E-09
108 MAGNET  1,.4S7E+00 2.723E~10
64 MONTCA
116 MNTBF  5,078E-33 1.J72E-35
117 MNTAB  6,322E-28 1.660E-30
$8 MORDEN 1.774E~-26 1.000E+00
67 MIRABI 2.623E-~04 7.709E-02
59 NAHQOL  3.265E-04 2.631E-01
61 RATRON  7,053E-07 4.8872-02
150 NESQUE 9.984E-08 6.152E-06
55 BHILIP 1.809E~21 1.380E-20

142 PREECT  3.423E-16 3.020E-12

102 QUARTZ  B.714E-0S 9.886E-0S

10 SIDERITE 2.664E~20 2.692E-11
101 STIGLAS @,714E-05 §.616E-04
147 STRENGIT 2.112E-31 3.981E-27
1;3 SIRCNT  1.773E-10 $.364E-10

€6 THENAR  3.193£-04 6.622E-01
62 TIRIAT 8.420E~07 1.J34E+00

=-7.754
-21.970
-9,861
-3‘ .‘53
=13.412

-7o181 o

-4.060
-820129
=48 .3(7

=17.463

"27 0785

~4.060

=35,705
-4 -729
-21.931

5.587

=57 ok 87
-u 0704
~30.867
'3‘ 0‘62
«36.370

- =86,.145
«5.200 -

=0.925
-35.018
11.221
-28.679
=41.346
=58.731

=42.470

-39.018
=52,483
.33 0353
~66.697
1.22
~$.975
0.163
-48.613
«32.294
«27.19%
=25.751
-3 1:4
=3.486
-6.152
-7.001
=20 743
-61.812
‘150‘56
-47.129
-4.060
.390016
19,574
-C.OSO‘
"30 .675
-9.751
=-56.456
«3.496
6,075

~8.336
«16.400
-3.978
-~33.410
-8.480
-£.578
-580.610
-51.800
«-16.870
.. 0.000
«2.700
«36.220
«17.090
0.000

. 4.885
-66.750
«10.960
-28.110
=32.770

-=44.157

63,150
4,602
1.582
=32.820
-4,007
=30.510
"37 820
-5%.350
-40.310
=36.910
=49.090
«=30.960

-14.300
6.370
-§.240
~9.565
«45.000
.3‘0970
=29,780
0.000
-1.113
«0.548
-1.311
’5.211
«19.860
=53.530
-11.520
-42.430
-4.005
-40.100
=10.570
.3 0017
=26,400
~5$.271
62,250
-0.17%
0.12%

3.624E+00
2.694E-04
1.2498+00

.9.0578~02

9.953E-03
$.325E+00
2.497E-01

" 2.80SE-01

2.551E-~01
1.640E-28
4.367E~02
3.2738+00
2.299E+02

-1.172E-22

5.1585+00
1.8045-01

1,751£-03
2.034e~02

2.524E-01

- 3.115E-03

1.689E+15
6.762E+01

4.048E-03

7.415E~-09
7.088E+04
1.841E+01
5,350E4+09

4.739E+02
3.809E+02
1.774E-26
3.4032-03
1.153E-03
1.443E-05
1.623E-02

. 1.310E~01

1.133E-04
8.815E-01

§.898E-10
9.062E~02
$.304E-035
3.306E-01

4.8228-04
€.31E-07

0.583
-3.570
0.057
1.043
«-2.002
0.726
=0.603
0,537
8.481
3.483
=0.593
-27.785
-1 0360
0.515
2,361
=21.931
0.712
9.303
0.744
-2.757
.1 06”
7.827
-0.5%8
2,507
-6,168
15,228
1.831
=3,526
0.619
-2.160
-2.108
-3 0393
=-2.393
2.873
-8.130
4.851
1.265
9.728
-3.613
2.676
2.581
.250751
-2.‘58
=2.938
-4 .341
.1.7”
=-0.883
1.718
=3.946
- =4,69%
-0.08%
1.084
~9.004
-1 0043
-4,27%
=0,.481
5.832
-3 0317
«5.200
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31 TRMQLIT

60 TRONA  2.6595E~10 1.603E-01
107 vivian

146 WITHERIT 3.5342-13 2.500E-09
154 SEP T
155 DIASP  3.524B2-33 8.710E-3§
156 WAIRKT 4.517B-34 2.3998-27
172 MAGAND 1.866E+07 8.6702e17
173 PYROLUST 1.256E¢l 7.261E+13
174 BIRNSITE 1.255E¢15 1.233:+18
175 MUSTITE 1.256E¢15 3.192E#17
176 BIXBYITE 7,253E-04 2.445E~01
117 HAUSMITE
178 MG2 1.900E-21 1.225E~13
179 RO
180 MANGANIT 2.§74B-02 5.7815-01
181 FHODOCHR 5.1978-15 2.891E~11
183 MNCL2 8,5670=11 5.734E+08
184 MQ12,1W 8,4005-11 3.327E+08
185 MvQ12,2W 8.2378~11 9.4158403
186 MX12,4W 7.919E~11 5.123E+02
187 TEPHRITE 3.03SE+l0 1.324E423
188 RHODONIT 1.124B-06 3.327E+09
190 MNSOF 1.9338~12 4.667E+02
191 »Qs04,3
192 MGPO4,2
193 MHPO4  2.209B-17 1.130B-13

-127.858 ~140.300

-9.559
~56.653
-120‘52
=39.01§
.3‘1‘53
-33.336

7.271

15.093%

15.099

15.099

~3,137

53.143
’20-721
-43,557
‘1‘-28‘
-10.067
-10.076
-10.084
-10.101

10.482

=-5.949%
-11 071‘
-60.092
-50.724
.1‘-65‘

=0.7%5
-36.000
'3.535
=37.212
-35.060
=25.520
17.933
13.861
18.09
17.504
«~0.611
61.540
-12.912
=35.644
-0.233
~10.539
8.750
5.522
3.974
2,710
23.122
9.322
2.5669
-5.711
-23.827
«12.947

1.681E-09
1.3532-04

4.045E+00
1.9258-07
2.1538-11
1.7258-00
1.0186-03
3.9358~03
2.9788~03

1.5512-08

4.626E~02
1.798E-04
1.489E-19
2.525E~16
B.7458-15
1.544e~13
2.252E~13
3.379E~15
4.141E-15

1.955E-04

12"32
-8077‘
«30.663
-3,.867
-1.804
0.607
-6,718
-10.687
-0.762
’20992
‘20‘05
-2,.528
-$.392
-70809
"70913
.10335
-3,743
-18.827
-15.598
-14.058
-12.811
«12.640
-150‘71
-14.383
-54.381
'2‘.897
«3.709
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SOURCE_©ODE

sees FROGRAM WATEQF **¢¢ A FORTRAN IV VERSICN OF WATEQ

REVISED FROM PL1 VERSION OF TRUESDELL AND JQNES.
NIEL PLUMMER, SUMMER 1972.
LATEST REVISION JANUARY, 1984~

te¢¢ DESCRIPTION CF INPUT - 5 CARDS ARE REQUIRED twe+

CRD 1 TITLE, JCB DESCRIPTION. (A30)

CARD 2  TEXP,FH, B, BHMC, EHMZ, DENS, DOX, FLAG, CORALK, PECALC, IGO0,
{PRT'(I) ,I=1,4) , IDAVES, ISPEC, IMIN
(5(ré.0,1X),2r5.0,1X,911,213)

TEP.. . TEMPERATURE IN DEGREES C

FHoo oo o J NEGATIVE LOG ACTIVITY He
BM.....PRETERRED B ...SEE OPTIQNS

EHMC. . « . MEASURED «ss SEE OPTIONS
B{Z....MEASURED EH OF ZCBELL SOLUTION
DENS...,DENSTTY OF SOLUTION  (G/CC)

DX, o 0 + o DISSOLVED QXYGEN (MG/L)

FLAG..+ »SIGNAL FQR INITS OF INPUT CONCENTRATION.

0 (OR BLANX) = MMOLE/L, lsMEQ/L, 2«MG/L, 3sPPM, 4«MOLALITY.
CORALK.,=0 IF ALKALINITY HAS NOT BEIN CORRECTED FOR BORQN EIC.
AT THE ORIGINAL EXPRESSIQN OF WATEQ IS 70 BE USED. =l IF
CARBONATE ALKALINITY (CORRECTED FOR NOMN-CARBCNATE ALKALINITY

SPECIES) HAS BEEN DNFUT. =2 IF TOTAL INORGANIC CARBCN IS
DPUT RATHER THAN ALKALINITY. =3 IF ALKALINITY EAS NOT BEERM

IG0..=0,0R BLANK, IF DESIRED TO HAVE DATA CHEXED FOR INFUT
ERRCR, PH MUST BE GREATER THAN 3 AND LESS THAN 11, AND THE
ANALYSIS MUST HAVE LESS THAN 30% ERRCR IN CHARGE BALANCE. =l
IF THIS CHECX IS NOT 10 BE MADE. .

(PRT(I) ,Is1,4) , CAN BE SET TO 1 TO DELETE PRINT CF
THERMCCHEMICAL DATA,MASS BALANCE CONVERGENCE ITERATICNS,
RATIOS OF ICNS, AND MINERAL SATURATION, RESPECTIVELY. FRT(I)
SHCULD BE SET TO ZERO OR BLANK TO CBTAIN THE RESPECTIVE FRINT.

IOAVES, s}, ACTIVITY QOEFFICIENTS OF CHARGED ICN PAIRS ARE
CALCULATED FROM THE DAVIES EQUATION, =0 (OR BLANK), ACTIVITY
QUEFPICIENTS OF CHARGED ICN PAIRS ARE CALCULATED FRCM THE
 DEBYR-HUCKEL EQUATION, IDAVES HAS NO EFFECT N GAMMA(L)~
GAMMA(T) , AD GAMMA(18) .
m..-mmaspmsmmmm(xsnssmm
FOSSIRLE) . TO OBTAIN CUTPUT OF MOLALITY, ACTIVITY, EIC. OF
ALL POSSIBLE SPECIES FOR THE DEFINED SYSTEM, LEAVE ISPEC
BLANK (CR TERO), IP ISPEC GT. IERO, ISPEC VALUES OF KSPEC
(SPECIES INDEX MUMBER) MUST BE READ (SEE BELOW). 1IF ISPEIC =
BLANK (ZERO), OMIT KS.SC CARD(S),

IMIN.. = MOMBER OF MINERALS FOR WHICH SATURATICN QUTFUT 1S
DESIRED (IF LESS THAN TTAL FOSSIBLE). TO CBTAIN SATURATION
DATA (N ALL POSSIELE MINERALS FOR THE DEFINED SYSTEM, LEAVE
IMIN BLAX (OR ERO), IF IMIN GT, 2ERO, IMIN VALUES OF KMIN
(MINERAL INDEX MUMBER) MUST BE READ (SEE BELGW). IF IMIN =
BLNK (OR ZERQ), OMIT KMIN CARDS(S}.

3 CAMGNAK QL S04 (6(212.5),8X)

4 HOO3 SIO2 FE PO4 SR F (6(E12.5) ,8X)
see OPTICNAL CARDS CF TYPE 1 APPEAR HERE ...
eee OPTICHNAL CARDS OF TYPE 2 APPEAR MERE ..

27
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A 370
A 380

A 400
A Qo
A 420
A 430
A 440
A 450
A 460
A 470
A 480
A 450
A 500
AS10
A 520
A 530
A S40
A 550
A 560
A 570
A 580
A 390
A 600



0000NAOONANNANNONNOANNANONONDO0OOOADNNONANOOODNAONOOO00O0O000ANOON

CARD § BLANK CARD {CENOTES END CF DATA FOR A PARTICULAR
WATER ANALYSIS.)

20+ DESCRIPTICN CF OPTICNAL NRUT....
ALL OPTICNAL DNPUT MUST APPEAR BEIWEEN CARDS 4 AND S,
TYPE 1 CARDS MUST PRECEED TYPE 2 CARDS,

TNV REERNRCCRRARNVIEROSOARRRARN

TYPE 1 OPTICNAL INFUT CARDS

AOEERELOVEANRRNANVNEAN PR RNREN

(KSPE(I),I-I ISPEC) (16I5) RKSPEC(I) IS THE INDEX NUMBER OF THE

ITH SELECTED SPECIES FOR WHICH QUTRUT IS DESIRED, OMIT CARD
IF ISPEC = BLANK (OR ZERQ).

{RMIN(I},I=1,IMIN) (15IS5) KMIN(I) IS THE INDEX MUMBER OF THE
ITH SELECTED MINERAL POR WHICH SATURATION CUTFUT IS DESIRED,
QMIT CARD IF IMIN = BLANK (CR ZERD).

NOTE THAT IZ BOTH XSPEC AND KMIN ARE READ, KSPEC(I) MUST BE READ

BEFCRE KMIN(I).

AEANONAERE ROV RRACSAROSRRSRS

TYPE 2 OPTIONAL DNIUT CARDS

RNV LUINNRLRNGINERELLERENS

WORD, (INT(I) ,VAL(I) ,I=1,5) (M,1X,5(I3,E12.5))
WORD = 'CINC', 'ERCR', 'DELH', *TABL', OR'LOGR'.

'OOC! , ., ENTERS CONCENTRATICH (UNITS OF FLAG) OF CONSTTTUENTS
NOT Qf CARDS 3 AND 4. INT(I) = 17(H2S),18(C03),39(:4),51(AL),
81(LI),85(N03) ,86(H2C03) ,87(B) ,50(BA) ,98(BR) ,AD 101(M0).
VAL(I) IS THE CONCENTRATICN CFf THE INT(I) CONSTIIUENT.

'ERCR’ . LOVERRIDES PRE-SET MASS BALANCE CONVERGENCE OONSTRAINTS
(N ANIONS. PER-SET VALUES OF EROR1-ERORS ARE 0.001(0.1% ERROR
IN MASS BALANCE]. ERORL-ERCRS ARE ENTERED (M THE 'ERCR' CARD
AS VAL(1)-VAL(5), IN THE ORDER 1=CARBON, 2«SULFATE, 3sFLOCRIDE,
{sFHOSPHATE, $=CHLORIDE. VALULS OF INT(I) ARE NOT USED.

'DELH', .OVERRIDES VALUES OF THE STANDARD DELTA ENTHALFY OF
REACTION {25 DEG. C) USED IN COMPUTING THE TEMPERAIURE
DEPRODNCE OF EQUILIBRIUM CCONSTANTS FROM THE VANT BOPP

(i) mmmammammmmmmmm
g(g’%c‘xmmmm IS THE APPFRIATE NEM VALUE CP

' TABL' . OVERRIDES VALUES OF LOGKTO(INT(I)) (LOG X OF REACTICH AT
25 0m. € USED IN COPUTING :mmmx DIPRORKE oF
EUILIBRIUM CONSTANTS FROM THE VANT HOPP EQUATION). INT(I) IS
THE DOEX NMBER CF THE ITH REACTICH POR WHICH LOGKTO I3 TO BE
CGINGED AD VAL(I) IS THE APPROPRIATE NEW VALUE OF LOGRTO(I).

'LOGK* . (OVERRIDES EXISTING ANALYTICAL EXPRESSIONS FOR LOG K AS A
FUNCTION CF T(DEG.X), OR ENTERS NEW, PREVICUSLY UNDEFINED
ANALYTICAL EXPRESSIONS FOR LOG K(T DEG.K). SIX VALUES ARE
READ, INSTEAD OF THE NORMAL FIVE. THB FORM OPF THB
ANALYTICAL EXPRESSION MUST BE

LOG RT(INT(I)) =M B THC/ TeDATH 22+ B/ T2 2+F'LAGIT)
WHIRE T IS TEMPERAIURE IN DEG. X, AD A,3,C,D,E AND P ARE PIT
PARMMETERS (MAY BX ZERO CR BLANK). INT(1l) 1S THE DDEX NOMBER
CF REACTICN AND INT(2)=-INT(5) ARE IQURED. VAL(1)s=A,VAL(2)+B,
VAL(3) »C, VAL(4) =D, VAL(5) »E, VAL(§) =P.

=28~

A 610
A 620
A 630
A 640
A 650
A 660
A §70
A 680
A 650
A 700
A 710
A 720
A 730
A 780
A 750
A 750
AT0
A 780
A 790
A 800
A 810
A 820
A 830
A 840
A 850
A 860
A 870
A 880
A 890
A 900
A 910
A 920
A 930
A 940
A 950
A 960
A 970
A 380
A 990
Al000
Al010
AL020
Al030
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IF ANY OF THE CARDS, 'EROR','DELH','TABL','LOGK', ARE USED IN A

rmmwam,mmmmmmm
SUBSEQUENT DATA SEIS WILL USE THE NEW INFUT VALUES. DELE AND TARL
CARDS CAN BE USED TO OVERRIDE PRE-EXISTING ANALYTICAL EXPRESSICONS.
mmmam:zmnmm:s'm- 'EROR' ,'DELH!,

*TABL' ,AND ‘LOCGX', IF ALL § ARE USED, mmmmwm
M!SISDATASETHM!EW

IMPLICTT DOUBLE PRECISION (A-H,0-2)

DNTEGER u,t.w.asmmx.z(nm JRT(4)

INTEGER PECALC,PECX

DOUBLE PRECISICN MI(120),KT(200) .m'rtzoo) oLGK‘iO(ZOO) +127I0T, LE20O
1,M0, RATOT, KTOT, MGTOT, LITOT, NH4TOT, Y

CHARACTER *8 NSPEC(120) ,NREACT(200)

GIARACTER *80 TIIL

oM M, KT, LOGKT, LOGKTO, KW, D, E, DD, C, R, T, P .TW.&B,P!. +PEDO,P
1ESATO, PECK, PECALC, P, TENMPE, TENPH, ALFA(120) , GAMMA (120) ,AP(200) ,XLA
2LXA(120) ,2,QNITS (120) , ANALMI(120) ,GEW(120) ,DHA(120) ,RSPEC, NREACT,
JCH{200) ,AH20, LEH20, ERCR1 , EROR2 , EROR3 , ERORA , ERORS , BXIM, DIXS,, DOX , XEMI
4120) , ITER, RBIT,C1SAVE, CORALK, MJ, LCHEX (200) ,QQRTTT, ANALLO, SITOT, CAT
$OT,MGTOT, KTOT, RATOT, SO4TOT, FETOT, PTOT, ALTOT, £770T, BIOT, LITOT, NEATOT
€ ,SRIT, BATOT, CLTOT, MNTOT, ICX, PRT, TIZL, EPMCAT, EPMAN, NEQU, ISPEC
M(HO) » IMIN, KMIN(200) ,TUS, IDAVES, IFRT,J3,JK

’ O?mu (m{'!;Q,PILD"m +DATA' ,STATUS=‘CLD")

0O 1l I=1,

11 READ (9,%) NSPEC(I),Z(I),GW(I),DHA(I)
DO 12 I=1,E

12 READ (9,*) NREACT(I) .m(x) »LOGKTO(1)

10 CONTINUE
READ (S,70, !ND-JO) TITL
IK=0
CALL PREP
IF (ICX.80.1) GO TO 10

SET
20 QONTINUE
CALL MODEL
IF (ITFR.EQ.25) GO 10 30
IF (RBIT.HK.1) GO TO 20
IF (ITER.LT.2) GO T0 20
CALL PRINT

IF (PRT{4) .ME.0.AND.PRT(d) .NE.§) GO 70 10
CALL SAT

G 10 10

- 30 WRITE (6,.80)
GO 10 10

40 CLOSE (UNTTw9)
BOPILE (UNITw6)
SsTO0P

pa

S0 FORMAT (5X,A8,2X,I2,3X,P10.4,1X,F4.1)
60 FORMAT (SX,A8,2X,2F10.4)
70 FORMAT (A80)

AL210
Al220
Al230
AL240
A1230
Al260
Al270
Al280
A1290
AL300
Al310
Al320
A330
Al340
A150
Al160
ALl
AL3g0
Al3%0
AL400
AL410
AL420
Al430
AL 440
AL450
AL460
AL4T0
Al480
A 450
Al300
AlS510
A1520
Al530
Al540
ALS50
ALS€0
ALS70
A1580
Al550
AL600
Al610
AL620
AL630
AL640
Al€S0
AL660
ALE70
ALE80
A16%0
Al1700
AlL710
A720
Al730
AL740
AL750
AL760
Al770
AL780
AL7%0
AL80Q
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80 FORMAT (4X,'CONVERGENCE DID NOT OCCUR WITHIN 25 ITERATIONS,'/4X
1g§wmxm TERMINATED' ,///}

SUBRCUTINE PREP

DPLICIT DCUBLE PRETISICN (A=H,0-2)

INTEGER D, E,DD, RBIT,CORALX, 2{120) ,FLXG, PRT(4) ,SIGN(2) , PECALC, PEXX

DIMENSION INT(6), VAL(6), INPT(22), GRAMS(120), IEQUI{SO), COEF(S,2
100), Vv(120), ICH{50), IKIT{S0)

DCOUBLE PRECISION MX{120),XT(200),LOGXT{200) ,LOGXTO(200) ,MNTOT, LiI20
1,7, NATCT, XTOT . MGTOT, LITOT, NH4TOT, Xv

CHARACTER *8 N.J2BC(120) ,NREACT(200) ,WORD, CARD(S)

CIARACTER *80 TIIL

COMAN MI,XT,LOCXT, LOGXTO, M, D, B,0D,C, R, T, F, TEMP, A, B, PE, PES, FEDO, P
1ESATO, PEXK, PECALC, P, TRNMPE, TENPR, ALFA{120) ,GAMMA (120) ,AP(200) ,XLA
2LFA(120) ,2,CUNITS(120) ,ANALMI(120) ,GFW(120) ,DHA{220) , NSPEC, NREACT,
3t8{200) ,AH20,1H20, EROR] , EROR2 , EROR3 , ERCR4 , ERCRS , EHM, DENS, DCIX, JEMI
4120) , ITER, RBIT, C1SAVE. CORALX, M, LCHEX (200) ,OCRTIT, ANALLCO, STTOT, CAT
$OT, MGTOT, KTOT, NATOT, SSA TOT, FETOT, PTOT, ALTCT, FIOT, BIUT, LITOT, REATOT
§ , SRTOT, BATOT, CLTOT, MNTOT, ICK, PRT, TITL, EPMCAT, EPMAN, NBQU, ISPEC,
7XSPEC(120) , MIN, KMIN(200) ,TTS, IDAVES, IPRT, JJ,JK

DATA CARDY/*CONC? , ! ERCR' , 'DELH' , ' TABL®, 'LOGK? , ! '/ SIQY* ',/

DATA rmu/n.1c.xs.u.zz.25.25,27.36,ss.n.n.n.n.n,so.93.143
1,144,149,153,170,28%0/

DATA COEP/72%0.0,~171.9063%,-0.077993,2839.319,2*0.0,71.595,6.168
1,-0.016346,-340%.9,2%0.0,39.473,-0.065927,-12355.1,21%0.0,
282.0904,0.0,-3853.936,270.0,~29.31148,12#0.0,
2-171.9773,-.077993,2903.293,2*.0,71.595,12°.0,.584,.0050298,4¢.0,
328.60%9,0.012079,1573.21,2+0.0,~13.2259,0.6322,-0.001225,~2335.78,
451%0.0,1556.3094,0.05091964,-21834.37,0.0,15684915.0,~-126.8339,
$192*0.0,107.8871,0.03232849,-5151.73,0.0,563713.9,-38.92561,
618+0.0,3,10§,0.0,-573.6,3%0.0,0.991,0.00647,4*0.0,2.319,-0.011056,
70.0,0.000022981,14*0.0,1209.12,.31294,-34765.0%,2*0.0,-478.782,
1-1228.732,-0.29944,35512.75,270.0,485,.818,60%0.0,-8.3505,0.0183412
9,557.2461,9%0.0,11.17,-0.02386,-3279.0,303*0,0,155.0305,0.0
$,-7239.594,2°0.0,~56.58638,73.415,0.0,-3603.341,2*0.0,-27.4437
$,24%0.0,-3.248,0.014867,22*0.0,-606,522,-0.097611,31286.0,0.90,
+-2170870.0,219.68434,96%0.0,-1.019,0.0123826,184*0.0/

113;:/‘1'1 ow1/1,2,3,4,5,6,7,35,8,45,89,82,17,18,39,51,8), 85.37,90.93.1
©»2.30258%092

23,0603

7=1.987198-03

ERCR1=,001

ERCR2=,001

IROR3=,001

ERCRe=, 001

ERORS=, 001

IX=0

PEDO=100.0

PISATO=100.

PES=100.0

00 10 I=1,D.

CQUNITS(1)#0.0

ALFA(I)=0.0

MI(D)=0.0

MI(1)=0.0

Ir (2(1}.10.0) V(I)=l.0

Ir (2(1).2.0) GO T0 10

IP (2(I).LT.9) V(I)==1.0*2(I)
IF (2(I).GT.0) V(I}=1.0"Z(I)

B 420
3 430
B 440
B 430
B 460
B 470
B 480
B 4%0
B 500
B 510
B 520
B 530
B 540
B 530
8 560
B 570
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- 10 CONTINUE

PEK=0

WRITE (6,620)

READ (S,630) m,m.nm,m.m,m.m.m.m,m.
la(l’RI'(I).I-IM) IDAVES.ISPEC:
IFLAG=FLAG

IF (IFRT.EQ.1) FRT(1)=l

IF (PRT(1) ,NE.Q) GO 70 70
WRITE (€,640)

00 30 Is1,D .
ISIG=SIGN(1)

0O 20 J=l,NEQU

IF (I.EQ.IRQU(J)) ISIGSIGN(2)
CNTINUE

WRITE (6,650) I,MREACT(I),CH(I),LOCGXTO(I),.IS1G,2,KSPEC(T) . 2(I),
1DHA(T) ,GW()

30 CONTINUE

LO=D+1

00 50 Is00,E

ISIG=SIGN{1)

DO 40 J=1,NEQU

IF (I.ID.IEU{J)) ISIGeSIGN(2)

CNTINUE

WRITE (6,660) I,NREACT(I),CEH(I) .ummm ¢+ ISIG
CONTINUE

WRITE (6,570)

DO €0 Is1,NEQU

WRITE (6,580)IEQU(I),NREACT(IEQU(I)) ,COEF{1,IEQU(1)) ,COEF (2, IEQU(X
“1)).ooa*és.mc(m.wu.xmum).oau'(s.xmum).cou‘(s.m(m

70 CONTINUE
IPRT=]
WRITE (6,670) TITL
READ (5,680) (QURITS(INPT(I)),I=1,6) .
READ ($,680) (QMITS(DMPT(I)),I=7,12)
1P (ISPEC.GT.0) READ (S5,590) (KSPEC(I),Isl,ISPEC)
IF (DAIN.GT.0) READ (5,590) (XMIN(I),Isl,IMIN)
80 CALL READ (WORD, INT,VAL)
IF (WORD.NE.CARD(1)) GO TO 100
DO 90 I=1,5
IF (INT(1) .BQ.0) GO TO %0
CQUNITS (INT(X) ) aVAL(I)
9C CONTINUE

@0 10 e
100

CONTINOE
4 rm.m.mtzn GO T0 110
" ERCRIsVAL(1)
ERCR2=VAL({2)
EROR3sVAL(3)
ERORA=VAL(4)

40
50.

!
110 IF (WORD.NE.CARD(3)) GO TO 130
D0 120 1-1,S
IF (INT(I).1Q.0) GO TO 120
CH{INT (1)) «VAL(I)
a3+l -
ICH(JI) =INT(I) T
WRITE (6,700) INT(I) .W(M(Ilhm(ﬂ )

-31=-

B 580
B 550
B 600
B §10
B §20
8 630
8 640
B €50
B 660
B 670
B €80
B 630
B 700
B N0
B 720
B 730
8 740
B 750
B 760
B 770
B 780
B 790
B 800
8 810
B 820
8 830
B 840
B 830
B 850
B 870
B 880
8 850
B 500
B 910
8 920
B 530
B 540
B 950
B 960
B 570
B 980
8 990
B1000
Bl010
810620
B1030
B1040
E1050
E1060
1070

81090
Bl1100
Bl110
21120
B1130
R1140
B1150
RI160
Bl1170
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120 CNTTNUE
CALL READ (WCRD, INT,VAL)

a0 ™0 110
130 IP (WCRD,NE.CARD(4)) GO TO 150
00 140 I=1,%
IF (INT(I).2Q.0) GO 70 140
LOGKTO(INT(1) ) sVAL(I)
JRaJK+)
IKTT(JX) =INT(I)
WRITE (6,710) INT(I),NREACT(INT(I}),VAL(I)

VANT HAFT EQUATION FOR EXTECT OF T QM X

TTEMP+273.15
Cl1=(298.15-T/(298.13*T*C*R)
00 170 I=1,2
LCGXT(T) sLOGXTO(I)-TH(I) *Q
LOMEX(L) =0
IP (LOGXT(I).L?.-38.0.0R.LOGKT(I).GT,28.0) LCHEX(I)=)
IF (LQEX(1).EQ.1) GO TO 160
KT(1)=10.**LOXT(I)

150 CONTINUE

170 CTINUE
K#=KT(153)

ARALYTICAL EXPRESSIONS FOR EFFECT QF T QN KX
180 IF (WCRD.NE.CARD(S)) GO TO 220
IF (INT(1).2Q.0) GO TO 210
DO 150 I=1,6
COEF(I,INT(1) )=VAL(I)
CONTDUE

10=0

DO 200 I=1,NEQU

IF (IEQU(I).EQ.INT(1)) IEQml
CINTINUE

IP (150.20.0) NEQOs=NZOO#L

1P (120.2Q.0) IZQU(NEQO)s=INT(1)

WRITE (6,720) INT(1),NREACT(INT(1)) ,COEF(1,INT(1)) ,COBP(2, INT(1))
1,073, DT (1)) ,COF (4, INT(L) ), COEP(S, TNF(1) ), CORF (6, TN 1))

210
cm.m ommr.m
& 10 180
QNTINUE

IF (WORD, BD.QRD(G)) GO T 230
m(o 0)
CALL READ

130

200

00 280 I=1,NEQU

“IF {(3.0.0) m T0 250

DO 240 =1, 33

IF (IM0(I).BQ.IT8(71)) GO TO 280
240 CONTDNUE

250 Ir (JX.EQ.0) GO T0 270

81180
2190
B1200
w2lo
a1220
’2io
Bl240
81250
81260
R1270
B1280
Bl250
Blico
B1310
B1320
Bl330
Bl340
B1350
B1260
R1370
B1180
B1350
B1400
Bldl0
B1420
B430
Bl440
B1450
81460
21470
21480
B14%0
B1500
Bl1510

Bl1530
B1540
B1550
21560
B1570
81380

B1600
B1610
B1620
B1630
B1640
B1§30
Bl680
B1§70

B1630
700
B1710
B1720
B1730

750
Bl760
B1770

o ——— — - ———
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DO 260 Il«=},JK
IF (IEQU(I) .2Q.IKIT(I1}) GO TO 280
260 CONTINUE
270 CCNTINUE
m(mu(m-mu.mu(n)«mtz.mc(mmwn,mumm
IW(C'I!DU(I))W(SJ!QU(I))/(MW(S'M(I))

2
IF (mum.m.zs) LOGKT (26) =LOGKT (26) +DLOGL0 (KN
KT(IEQU{I))=1E1** (LOXT(IEQU(I)))

0 CONTINUE

Ki=KT(153)
g
C CALQULATION OF ANALYZED MOLALITY
IF (FLAG.NE.0) GO TO 300
0O 290 I=1,22

QUNITS (INPT(I) ) «QUNITS { INPT (I) ) *GFW{ INPT(I))
250 CONTINUE

IF (FLAG.NE.1) GO TO 320

CO 310 1=1,22

CUNITS { INPT(I) ) »CUNITS { INPT{I) ) *GEW(INPT(I) } /N (INPT(1) )
QINTINUE . :

a0
FLAG2
320 QONTINUE
IF (FLAG.NE.2) GO T0 340
DO 330 I=1,22
CUNITS ( INPT () ) sQUNTTS (INPT (1) ) /DENS
CQONTINUE

330
FLAG=)
340 QONTINUE
IF (FLAG,NE.3) GO TO 370
CQ=0.0
DO 350 I=1,22
Cl=Cl+QNITS ( BIPT(I))
350 CONTINUE

CQlsave=Ql
Cle1.0/(1.0-1.0E~06*CISAVE)
DO 360 11,22
MI(INPT(I) )= {CONITS (INPT(1) )/ (1.0E+03*CIW(INPT(1) ) } ) Q)
Ir (MI{DPT(I)).GT.0.0) XIMI{DNPT(I))=DLOGLO(MI{INPT(I)))
GRMMS(INPT (1) ) «CUNITS ( NPT (I) } *DENS

360 CONTINUE .

v Clel.0/C1
. G010 410
. 370 CONTINUE ,
C1=0.0 ,
TP (FLG.BE.0) G 10 530
DO 350 Je1,3
Q2+0.0
Cle1,0-C1*1,08-06
£0 380 Is1,22 |
MI(INPT(L)) »CUNTTS(INPT (1) ) o
a-am(munm(m’rm)'moo.-a ‘
380 CONTINUE o
Q=2
350 CONTINUE
QASAVE-CL

B1780
B1790
B1800
Bl1810
B1820
B1830
B1840
21850
B1850
B1870
81680
B1850
B1500
B1910
B1g20
B1930
B1540
B1950
B1960
B1970
B1980
B1990
B2000
82010
B2020
82030
£82040
82050
B2060
22070
82080
B2050
82100
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nno

Q= (1.0-C15AVE"1 . 0E~06)

DO 400 !‘1'22
GRAMS(INPT(I) ) =MI{INPT(I)) *1000.*GFW(INPT(I) ) *C1

IF. (MI{INPT(I)).GT.0.0) XIMI(INPT(I))=DLOGLO(MI{INPT(I)))

400 CANTINUE
410 CONTINUE

molo

DO 420 1=1,22

ANALMI ( INPT(I) ) =MI (INPT(I))
TCS=TDS+GRAMS (NPT (1))

420 CONTDWE

EPMCAT=0.0
EPMAN=0.0

CALQULATION OF CATION-ANION BALAC"Z
DO 4390 1Is=1,22

IP (Z(INFT(I)) .GT.0) GO TO 428
EPMANSEPYAN=Z (INPT(1) ) *MI(INPT(I)) *C1
GO T0 430

423 EPMCATWERMCAT#Z (INPT(I)) *MI{INFT(1))*Q

440
450

460
470

CALQULATION OF EM FROM FIELD DATA
IF (BIM.LT.9.0) GO TO 470

IF (BF2.GT.9.0) GO T0 440
C1=0,429+2,4E~03*(25.0-T2%) -BF3
GO TO 450

C1=0,244+8.5E-04* (25.0-TEMP)
CQaTDuE

IF (BMC.LT.9.0) GO TO 480
X 0 4N
EM=EHMCHCL

CNTINUE

PEEReEHM/ (C*R*T/T)

IP (PECALC.NE.0) GO TO 475
PE=100.

MI(8)=0.0

MI(101)=0.0

WRITE (6,560)
473 Ir (EM.GR.9.0) PEERe100.

WRITE (6,620)

WRITE {6,730) .

WRITE (6,740) TEYP, P4, EPMCAT, EPMAN

WRITS (8,750) DOX,ERMC, EMFE, IFLAG, CORALK, PECALC, IDAVES, EHM, PEEH
IP (PECALC,EQ.1) PE=PEEH

WRITE (6,620)

WRITE (6,760)

DO 480 11,22

IP (MX(INPT(I)).LE.0.0) GO TO 480

WRITS (6,790) NSPEC(INPT(I)),Z(INPT(I}),MI(DNPT(I)) XML (INPT(I))

1,GRAMS(DNPT(I))
430 CONTDUE

WRITE (6,620}
WRITE (6,620)
IP (PRT(2).NE.0) GO TO 430
WRITE (6,620)

I Y.

82380
82350
22400
B2410
B2420
22430
B440
B2450
82460
470
B2430
2490

B2510
B2520
A2330

B2550
B2560
22570
B2580
82530
82500
510
B2620
B2630

22630
B2660
22670
B2680
2690
B2700
22710
2720
32730
82740
22750

BR760 .

R0
B2780
22750

R0
B2820
K830
B2840
82850
12860
%2870
K880
82850
B2900
B2910
82920
82930
B2940
B2950
B2960
B2370
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o000

Cl=(1.0-C1SAVE*1.0E-06)

DO 400 I=1,22

GRMSS(IW(I))'HI(WNI))'IOOO m(mm)'u

IF (MI(INPT(I)).GT.0.0) XLMI(INPT(I))sDLOGIO(MI(INPT(I))) -
400 CONTINUE

410 CONTINUE
T0S5=0.0
ARALMI(INPT(I) ) »MI(INPT(I))
mwumun

420 OONTINUE

' EPMAN-0.0

CALCULATION OF CATICN-ANICON BALANCE
DO 430 I=1,22
IF (Z(INPT(I)).GT.0) GO TO 425
EPMANSEPMAN-Z (INFT (1) ) *MI (INPT(I))*Q
GO T0 430
425 EPMCAT=EPMCAT+Z (INPT(I)) *MI{INPT(I))*Q
430 CONTIMUE
EPMCAT=EPMCAT*1000.
EPMAN=EPMAN®1000.

CALCULATION CF EH FROM FIELD DATA
IF (BIM.LT.9.0) GO TO 470
IF (BFZ.GT.9.0) GO TO 440
Cl=0,429+2 . 4E-03* (25.0-TEMP) =RMFZ
GO TO 450
440 Cl=0,244+8,6E~04*(25.0~-TEMP)
450 CONTINUE
If (DIMC.LT.9.0) GO T0 460
GO TO 470
460 BM=EHMCHC
470 CNTINUE
PEEH=ERM/ (C*R*T/F)
IF (PECALC.ME.0) GO TO 475
PE=100,
#1(6)=0,0
¥1{101)=0,0
WRITE (6,360)
475 Ir (BM.GE.9.0) PERH=100.
WRITE (6,620)
WRITE (6,730)
WRITE (6,740) TP, HH, mr,mm
WRITE (6,750) wc.m.m.mm.m.m.mms.mm
IF (PECALC.EQ.1) PE=PEEM -
WRITE (6,620) -
WRITE {6,760)
~ DO 480 Ie1,22
Ir (HI(M(IH-LE.O 0) GO T 480
WRITE (6,790) mtmm).ztmun.mmm).mmmun
1,GRAMS (DT (1))
CONTINUE

0) .
I (mm NE.0) @ 10 ‘90
WRITE (6,620)

BE2380
E23%0
E2400
B2410
B2420
B2430
B2440
B2450
B2450
B2470
82480
82490
E2500
82510
B2520
B2530
B2540
B2S50
E2560
B2570
B2560

B2600
B2610
B2620
B2630
B2640
B2650
B2560
B2670
B2680
B2690
82700
R2710
B2720
82730
82740
B2750
82760
B0
B2780

E2800
2810

B2830
B2840
82850
B2860
E2870
:ed 1)
B2890
2500
K910
82920

© B2§30

82940

B2960
82970

- .—.-.-»—T
iy
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. 830 FORMAT (3(F8.0,1X),2F5.0,1%,911,213)
§40 FORMAT U/l:’x'._. o/ 137X, 'CATA /37X, ! e ? c//c3xo '1',1X, 'NREA
1C1° , 8%, 8 , 7%, * LOCXTO ,10X, ' 2° ,1X, *NSPEC' , 5%, * 3° ,2X, *THA' ,5X, 'GFW

WRITE (6,770)
490 CONTINUE
IFr (1G0,M.1) GO TO S00

IP (FH.LT.3.0.CA.PH.GT.11.0) GO TO 340
DUMe ( ( EPMCAT-EPMAN) / (1 . +EPMCATEPMAN) ) *100,

I? (ABS(DUM).GT.30.) GO TO 540

500 CONTRNUE

TEMPERATURE EFFECTS QN DEBYE~EUXXIL, SCLVENT ORISTANTS

§1a374.11-TEP
2=51**0.333313

S3=3QRT((1.0+0.1342489*52-3.945253E-03*81)/(3,1973E0=,3131548E0*2
1-1.2033748-3*51+7,48508B~13*31**¢))

IF (T.LT.373.1%) GO 70 510

Cl=5321E0/7%233.76E0~-T* (T*(8.2928=-7*T=1.417E~3) +.323720)

GO 70 320

510 Cl=87.74E0-TRMP* (TEMP*(1.41E-6*TEM>9,358E~4) +. 4008ED)

520 CONTINUE
Cl=SQRT(C1*T)
An18248.0802°53/C1**)
B=30.29*53/C1
GO TO 350

530 WRITE (6,780)

I}
G0 T0 550

540 WRITE {§,510)

$60 PORMAT (3X,'IRCN AND/CR MANGANESE HAVE BEEN SPECIPIED WITHCUT REDO
X' ,/5%,* DIFCRMATION, IRCN AND MANGANESE TUTALS RAVE BEEN CHANGED',

2' 70 2ERO.' /)

570 FCRMAT (//,1X,""*" DENOTES THAT AN ANALYTICAL EXPRESSICN FOR KT HA
1S BEEN USED',.////,1%,°' SUMMARY COF ANALYTICAL EXPRESSICNS CF THE FOR
M, /1%, UGKs AtB?C/’ND'T"Z«té/T"l#P‘!Lg /77 'pr'Iz NREA

3CT,9%,'A
4 /)

580 PCRM'T (1X,I3,2X,A3,1X,711.4,1X,0124.9,1X,F1).4,1X,1PEQ1.4,1X,

11PE13.6,1X,1PE24.7)
590 FORMAT (1619)

600 FORMAT (/,2X, 'WARNDIG—— INFUT ERROR, SEARCHING FOR BLANK CARD')
610 FORMAT (/,2X, ' WARNDG——CHECX INFUT FH AND/CR CATICN=ANION BALANCE
B CALCULATICN TERMINATED')

1.'/m.'...
8§23 FORMAT (//) -

2'/) :

§50 FORMMP(IX,I3,1X,A3,2(1X,P10.4) ,AL,6X, I3,1X, AB,2X, 12, 2%, 73.1

1,1X,r10.4)

§60 FORMAT (1H ,I13,1X,A8,3(1%,F10.4).,AL)

§70 FORMAT (1Hl,(A80),//)
§80 PORMAT (6(E12.5),8%)
§90 FORMAT (A4,1X,5(13,E12.5))

700 FORMAT (1X,'NEW DATA *** DELTA H POR REACTION *,I13,1X,A3,' HAS BEE

1N CHANGED TO ',79.4)

«35-

B2980
82990
23000
23010
23020
23030
33040
R30S0
83080
83070
B3030
83090
2100
23110
33120
23130
23140
a3150
B3160
83170
33180
33130
33200
2210
B3220
2230
B3240
33250
B3260
B3270
B3280
B32%0
83300
23310
BE3320
23330
83340
23350
83360
33370
3380
B3390
23400
340
B3420
23430
B3440
B3450
B3450
23470
B3480
23450
23500
23510
23520
823530
23540
23550
B3550
21570
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10 CONTINUE

710 PORMAT (1X,'NBY DATA *** LOGKTO FOR REATTION *,13,1X,A8,' HAS BEE
1IN CGHANGED TO *,F9.4)

720 FORMAT(1X,'NEW DATA *** LOGRT POR REACTION ',13,1X,A8,' = *',/1X,
11PE18.8,'+! E15.8,'*Ty' ,ELS, 8,/ B25. 3,"*T**2+',E15,.8, ' *T*"2¢',
2E15.8,*LOG T')

7301mm (30x,* Yy Y 3ox.'n~rrm. SOLUTION' ,/ , 30X, * ==

o///} .

740 FORMAT uox,'mmmn. = ',P6.2,' DE:&S C Mo ,P6.3,/,10K
1,"ANALYTICAL EPMCAT = ',F8.3,'  ANALYTICAL EPMAN = °,F8.3,//)
750 FORMAT (SX,'*e**** OXIDATION - REDUCTICHN seew#!,///,1X,*'DISSCLVED O

1XYGEN = '.FS.B.' WL':/:IX"&'{ MEASURED WITH CALOMEL = "nn"' v

20UTS’ ,9X, "FLAG CORALX PECALC IDAVES®,/,1X,'MEASURED & OF IQBE',
3'!& m = ‘.l"7.l.' WL'IS' .SX.n}lx:n.sxuno‘xvna/olx
;g!msgu;/n)i = ', F7.4," VOLTS',/,1X,'PE COMPUTED FROM

s 7, ’

760 FORMAT (15X,'*** TOTAL CONCENTRATIONS CF INFUT SPECIES %*+¢,//,25X
1.'MAL' +13X, 'LOG TOTAL',12X, ' TOTAL' ,/,SX,'SPBCIS' 8%, mm

'12x'.m11xm' 'llx' PG/. /L’I'I'RE' ./,Bx, .ﬁx. llu'
e 7, g ! —t

770 FORMAT (22X,'*** CONVERGENCE m:m'zws eest,//,1X, ' ITERATION' ,2X
%‘i': S};W' +3%, ' £2-S04TOT" ,4X, ' S3-FTIOT" 'SX,'S&-YM' k%, S5~-QLT0

780 FORMAT (1X, ' INFUT m—mms OF CONCENTRATION ARE NOT RGN,/

/)
760 FORMAT (1M ,7X,A8,13.3!.1?&2.5.9X.09!'9.4.8X.1PE.12.5)
oo '

SBROUTINE SET

IMPLICIT DOQUBLE PRECISION (A~H,0-2)

INTEGER D, E, DD, RBIT, CORALK, 2{120) ,FRT(4) , PECALC, PECX

DOUBLE PRECISICH MI(120),KT(200) ,LOGKT(200) ,LOGKTO(200) .m.utzo
1,MJ,NATOT, KTOT, MGTOT, LITOT, NH4TOT, K4

CHARACTER *8 NSPEC(120) ,NREACT(209)

CHARACTER *80 TITL . :

m u'ﬂ,m.m,m,ﬂ,E.DO.C'R'T.'.m.haonvmpfmvg
1ESATO, PECK, FECALC, PH, TENMPE, TENFH, ALFA(120) ,GAMMA(120) ,AP(200) ,XLA
2LFA(120) ,23,CUNITS (120) ,ANALMI(120) ,GEW{120) ,DHA(120) ,NSPEC, NREFCT,
306 (200} ,AH20, LIR20, ERORY , ERORZ , EROR3 , ERORA mcas.mn.oﬁas.m.m(
4120) , ITER, RBIT, C1SAVE, COPALK, MJ, LOHEX (200) , CQ2TTT, ANALCO, SITOT, CAT
mlmlmfmlwm'rm.m'nMpMQm'tom:"mm
6 ,SRIOT, BATOT, CLTUT, MNTOT, ICK, FRT, TITL, EPMCAT , EPMAN, NEQU, LSPEC,
TESPEC(120) , IMIN, KMIN(200) ,TOS, m.m,aa..m

mzmmsmmm

cm'mnz (7)42.0*M1(18)
MALCO=CRTIT

IF (WJD.Z) @m("hﬂl(lﬂ)ﬂﬂ(“)
ca:m-»um
MGTOT=MI(2)
NATOT=MI(3)
KTOT=MI(4)
SOITOT=MI (6)
FETQT=MI(8)
PTOT=MI(45)
PINIC=PIOT

-36=

- s - ——
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ALTOT=MI (51)
FTOT=MI(62)
BTOT=MI(87)
LITOT=MI(81)
NHATCT=MI (19)
SRICT=M1(88)
BATOT=MI {90)
CLTOT=MI (S5)
MNTOT=MI(101)
MI(35)=0.Q
MI(37)=0.0
TRPH=10.**FR
ALFA(54) =10.**(-PH)

CALCULATION OF ANION ACTIVITIES EXCEPT Q2 AND PFO4 SPECIES
ALFA(S) =MI (5) *GAMMA(5)

ALPA(6) sMI (8) *GAMMA(S)
ALFA{62) =MI (62) *GAMMA(52)
ALFA(8S) =M1 (85) *GAMMA(8S)
ALFA(98) =MI(98) *GAMMA(58)
ALFA(27) =AH2C*KW*TENPH

MI{27) =ALFA(27) /GAMA(2T)
MI(54) =s1E0/ (TENPH*GAMMA(S4)) -
ALFA(63) sALFA(S) *KT(30) /TENPH
MI(§3) =ALFA(63) /GAMMA(63)

R SPECIES

IF (CORALX.EQ.2) GO TO 20

Cl=2 O*TINFH/ (GAMMA(18) *KT(63) )
MI(7) =CCRTIT/(1.+GAMMA(T) *C1)
C2=KT(36) / ( TENPH*GAMMA (86} )
ALFA(7) =MI(7) *GARMA(7)

M1(18) =C1*ALPA(7) /2.

MI(86) =QQ*ALFA(T)

ALFA(18) =MI(18) *GAMA(18)
ALFA(86) =4I (36) *GAMMA(86)

MI{7) «CQRTT/{1.0+GAMMA(T) * ( {RT(38) / (TENPH*GAMMA(86) ) ) + TRNIR/ (KT 6

19) *GAMMA(18))))
MI(18) =MI(7) *GAMMA(7) *TENPH/ (GAMMA(18) *KT(69))
MI(86) =MI(7) *GAMMA(T) *KT{36) / (TENPH"GAMMA(B6) )
ALPA(7) »MI(7) *GAMMA(7)
ALFA(18) »4I (18) *GAMA(18)
ALFA(B6) =MI (36) *"GAMMA(86)

30 cNTINUE

PHOSPHATE SPECIES

MI(45)sPTOT/ (1.+(KT(17) *GAMMA(4S5) / (GAMMA(48) *TENPH**#2) ) #(KT(16) *GA

1MMA(45) / (TENFPHSGAMMA(47))))
ALFA(45) M (45) *GAMMA(45)

. ALFA(47) =KT(15) *ALFA(AS) /TENPH

MI(47)=ALFA(47)/GAMMA(47)

ALPA{48) »KT(17) *ALFA(45) / (TENPH**2)
MI(40) =ALFA(43)/GAMA(48)

ITER=Q

RETURN

-37=-

C 350
C 360
C 370
C 380
C 3%
C 400
C 410
C 420
C 40
C 440
C 450
C 460
C 470
C 480
C 430
C 500
C 510
< 520
C 530
C 540
C 550
C 560
C 570
C 530
C 530
C §00
C 610
C 620
C 630
C 640
C 650
C 660
C 670
C 680
C 650
C 700
¢ 710
C 720
c 730
€ 740
C 750
C 760
770
C 730

C 800
c a1
C 820
€ 830
C 840
C 850
C 860
¢ 870
C 880
C 3%
C 300
C 310
C 920
C 930
C 34
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SUBRCUTINE READ (WORD, INT,VAL)

IMPLICIT DOUBLE PRECISION (A-H,0-2)

CHARACTER *8 WORD

DIMENSION M(S) +VAL(E)

C!ARACTER *80 LINE

RzAD(S.IO)I'.INE
10 FORMAT (AB0)

READ (LINE,20)WORD, (INT(I),VAL(I),Is],S)

IF (WORD,NE,'LOGK'! RETURN

READ (LINE,20)WORD, (INT(I) ,VAL(I),I=],6)
20 FORMAT (A4,1X,6(13,E12.5))

RETURN ) :

D

SUBRUTINE MODEL

IMPLICIT DQUBLE PRECISION (A-H,0~2)

INTEGER D, E,DD, RBIT, CORALX,Z(120) ,LIST(8) ,LIST1(5},LIST2(186) ,LIST3
1($) ,PRT (&) , PECALC, PECK

DOUBLE PRECISIQN MI(120),KT(200) ,LOGKT(200) ,LOGKTO(200) .m,mo
1,MJ,RATOT, KTOT, MGTOT, LITOT, NH{ TOT, K4, MUHALF, LLALK (11)

CHARACTER *8 NSPEC(120),NREACT(200)

CHARACTER *80 TITL

DIMENSION NPAIR(S),LIM(11),L1K(11).L1C(11),LIA(11), L2M(14), L2K(1
14, L2C(14), L3M(T), LIK(T), L3C(T), L4M(14), LAK(24), LAC(L4), L4
2A(14) , LSM(9), LSK(9), LSC(9)

CaMN MI,KT,LOGKT, LOGKTO, KW, D, E, D0, C, R, T, F, TP, A, B, PE, PES, PEDO, P
1ESATOQ, PECK, PECALC, PH, TENMPE, TENPH,ALFA(120) , GAMMA{120) ,AP(200) ,XLA
2LFA(120) ,2,QUSITS (120) ,ANALMI (120) ,GW(120) .WA(HO) »NSPEC, NREACT,
30 (200) , AH20, LIRO, EROR] , EROR2 , EROR3 , ERORA , ERORS , EHM, DENS,, DOX, XIMI (
4120} .Imz.nsmcxsavt.oommm.mim(zom +CCRTIT, ANALCO, § ITOT, CAT
SOt , MGTOT, KTOT, NATOT, S04 TCT, FETOT, FIOT, ALTOT, FTOT, BT0T, LITOT, NHATOT
€ , SRIOT, BATOT, CLTOT, MNTOT, ICK, PRT, TITL, EPMCAT, EPMAN, REQU, ISPEC,
TKSPEC(120) , IMIN, FMIN(200) ,TDS, IDAVES, IPRT,JJ,JK

DATA LISI'/I'I +35,66 .70,71.72.8(.81/

DATA LIST1/42,43,44,50,94/

DATA L1ST2/8,9,10,11,12,13,15,16,28, 33.34065-77073.7!'80,100;99/

DATA LIST3/82, l3.88.89.69'97p90.91-11 /

DATA L1M/7,21,22,30,31,42,43,86,111,65,97/,L1K/69,74,75,78,79,70,
171,36,167,149,170/,L1C/64,2,2,1,1.3,3,64,101,88,88/,L1A/18,18,7,7,
&18.13.7.7.7.7 18/,L10K/1.0,2.0,1.0,1.0,2.0,2.0,1.0,0.0,1.0,1.0

2,2.0/,12%/15,23,32,34,44,46,59,60,63,83,92,96,109,114/,L2K/5,76 ,24
3,9,72,73,88,89,90,127,132,136,165,182/,12C/8,2,1,8,3 4 .Sl.SI,“cll
4,39,64,101,88/,L3%/20,85,56,57,58,108,45/,L3K/23

.84;85.IS.ST.IGC'IOI.BCH.SI'51.51.51,101.1/.%.40.41.(7.48'5
60,61,65,73,74,75,76,99,100/,L4X/140,12¢,125,16,17,31,33,121, 34,35,

oo 7122.123 .157.139/.!4‘.‘/8.2;2.64,“'3 ] "12'1'1011313/0:‘”‘7"59‘81‘

05,45,47,47,48,47,47,45,48,48,47/,15%/16,28,33,93,94,95,103,104,105
- 8/,15K/6,7,8,133,134,135,159, 160,161/,18C/8,8,8,64,3 4 '101'101 10V
- §,NPAIN/11,14,7,14,9/ .
ITER=ITER+]

CALCULATION OF TOTAL MOCALITY AD A0
Jsl
Q‘o.o
0O 20 I=1,D
IF (J.GT.8) GO 10§
IF (1.EQ.LIST(J})} GO TO 10
S Cl=Cl+MI(I) .
GO TO 20

«3f=

[~ X Q-N-J-N-N-R-Rely]
-~
o
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CONTDUE
A20=1.0-0.017*C1
LH20=DLOG 0 {AHRO)

IF (DOX.GT.0.0) PEDO=={DLOGLIO{KT(152))+PE+0.8*LH20-0.25*DLOG1O(DOX

/nm))

I (DCX,GT.0.0) PESATOs=({DLOGLO(XT(137))+Pi+0.5*LIR20-0,25*TLOGL1O(D

1c¢/328))
Ir (PECALC.HQ.2) PE=PEDO
IF (PECAIC.EQ.3) PE=PESATO

CALCULATION OF ACTIVITY QOEFTICIENTS
=0.0

Jsl

00 40 Is1,D

IF (I.J.LIST(J)) GO TO 30

MmMM0.5°M2 (1) *Z{1) *2(1)

G0 70 40

30 S=J+)

40

GNTDUE

MUBALF=SQRT (M)

Cl==A*4E0*MUHALP

GAMMA(1) =1E1**(C1/(1E0+B*SED*MUHALP) +0.1657M))
GAMMA(2) =1 E1** (C1/ (1E0+B*S . S*MMALF) +0.2'M))

GAMMA(2) s1E1** (-A*MUHALF/ (1 EO+B*{ EQ*MUHALP) +0.075*MD)
GAMMA(4) s1EL** (~AMUHALY/ (1EO+B*3, S*MUHALF) +0.015*MD)
GAMMA (S) =GAMA(4)

GAMMA(6) =1E1** (C1/(1E0+3*SE0*MUHALP) -0, 04 M0}

DO 60 I=3,D

IF (3({I1).].0) O TO 50

IF(IDAVES,MQ.1) GAMMA(I) -m"(-vz(n $42¢ ( (MUBALY/ (1. OHUEALR)

1-0.3*11)))
Ir (IDAVES.HQ.1l) GO TO 50

GAMMA(I) =L E1** (~A*MUHALF*Z( 1) **2/(1E0+DHA(I) *B*MUHALF) )

Q6

Q
50 GAMMA(I)=10.**(0.1*M))

60

70 PES=0.125°LOGKT(91) +0.125*DLCGLO(ALFA(S) ) -1.25*F5~0.128*TLOGL0

CONTINUE

GAMMA(7) sl ** (=-A"MUHALF*3(7) **2/ (1E0+TEA(7) *B*MUHALY) )
GAMMA(18)=)  **(-A®MUHALF*Z(18) **2/(1E0+DHA(13) *B*MJHALP) )
GAMMA(86) =1 L. ** (MD*(170.01/T=.3798+,0013935*T) +MU*MU* (28, 8)/T-.21

18+.0003641°*T))
GAMA(30) »CNMA(T)
GAMA(31) slZl*e(-0.5%M))

SULFUR SPECIES AND PE CALCULATION FRCM 3
Cl=KT(92) *TENPH/GAMMA(S7)

C2=KT(92) *KT(93) *TENPH**2/GAMIA(68)
MI(14) «MI(17) /(1E0+GAMMA(14) *(Q1+C2))
ALPA(14) =M (14) *CAMA(14)

ALFA(17) =42 (17) *GAMA(17)
MI(67)=ALFA{14)*Q

MI(68) =ALFA(14) *Q2

ALPA(§7) =MX(57) *GAMMA(67)

ALFA(68) =MI(68) *GAMMA(68)

Cl=ALFA(S) *ALFA{14)

IF (Q1.GT.0.0) O TO 70

G0 10 80

E 470
E 430
E 430
E 500
E 510
E 520
£ 530
E 540
£ 330
Z 560
Z 570
£ 580
E 530
E 500
E 610
E 520
z 830
E 640
E 650
E 660
E 6§70
E 680
Z 530
E 700
£ 710
£ 720
£ 730
E740
E 750
E 760
E 770
E 780
£7%
E 800
E 810
E 820
E 830
E 840
E 850
E 860
E 870
E 880
E 830
£ 900
E 910
£ 920
£ 930
E 340
E 950
E 360
E 970
E 980
£ 930
21000
£010
£1020
2010
E1040
£1050
E1060



[ -

[2X2%e)

aoonn

ooon

[ X2 Xp)

1{A_TA(14) }~0.5°LH20
IF \PECALC.EQ.4) PE=PES

80 QONTINUE
IF (PECALC.EQ.0.0.0R.PE.GE.100.) GO T0 50

TENMPE=10.**(-PE)
G0 10 100

90 TENMPE=1.0
100 CONTINUE

SILICA SPECIES
Cl=KT(14) *TENPH/GAMA(2S)
Q=KT(15) *TENPH**2/GAMMA (26)

MI(24) =STTOT/ (1.0+GAMMA(24) * (C1+C2))

ALFA(24) sMI(24) *GAMMA(24)
MI(25)=mALFA{24)*C1
M1{26) =ALFA(24) *CQ2
ALFA(25) =MI (25) *GAMMA(25)
ALFA(26)=MI(26) *GAMMA(26)

BORQN SPECIES

Cl=GAMMA(36) *KT(26) *TENFH/GRMMA(37)
MI(36) =BTOT/(1.0+Q1)

MI(17) =C1*MI{36)

ALFA(36) =M1 (36) *GAMVA(36)

ALFA(37) =MI(37) *GNMA(3T)

NITROGEN SPECIES

Cl=TENPH*KT(27) /GAMVA(38)

Q=ALFA(6) *KT(132) /GAMMA(92)

¥I(38) «NHATOT/ (LEC+GAMMA(39) * (CL4C2) )
ALFA(39) «MI(35) *GAMMA(33)
MI{(38)=ALFA(39)*C1

ALFAL38) «MI{38) *GAMMA(3E)

MI(92) »ALFA(39)*Q2

ALFA(52) =MI(52) *GAMMA(92)

MAGNESIUM SPECIES

MI(19)=ALFA(27) *KT{25) /GAMA(LY)
MI(20)=ALFA(62) *KT(23)/GRRIA{20)
MI(21)=ALFA(16) *XT(74)/GAPA(2))
MI(22)=ALFA(T) *KT(75) /GAMMA(22)
MI(23}sALFA(€) *KT(76) /GAMMA(23)
FI(40) =ALFA(LS) *XT(124) /GAMMA(40)

- MI{41)=ALEA(48) *KT(125) /GRMMA (41)

KI(73)=ALFA(47) *KT{34) /GARMA(73)

KI(2) sMGTOT/ (1.0+GAMMA(2) * (HI(J.!)#HIQO)M (21)0!!1(22)'8!1(23)0&1((

10)+MI(41)+M21(73)))
ALFA(2) =41 (2) *GAMMA(2)
CleALEA(2)
0O 110 Is19,23
MI{1)=C1*MI{I)

0 ALFA(I)sMI{I) *"GAMMA(T)

CONTINUE

MI(40)=C1*MI (40)
ALFA(40) =M (40) *GAMMA(40)
MI(Q)=Cl*MI(41)

~40~

£1070
£080
E1090
£100
E1l10
El120
E1130
E1140
£1150
E1160
E170
Ell80
E1190
E1200
210
E1220
R0
E1240
E1250
£1260
0270
£280
E1290
£1300
nilo
£320
E1330
£1340
£1350
£360
E1370
E1380
E13%
E1400
E1410
Eld20
E1430
E1440

E1460
2470
£1480
04%0
£1500
E1510
S0
0sio
E1540
E1550
E1560
£s70
£1580

£1600
E1610
£620
£1630

E1650
ElL660




Aidw v ed -

0onn

0o00n

anp

120

130

ALFA(41) =MI(41) *CAMMA(41)
MI{73)=C1*MI(73)
ALFA(73) =MI(73) *GAMMA(73)

CALCIUM SPECIES

MI(29) sALFA(27) *KT(77) /GAMMA(29)
MI(30)=ALFA(7) *KT(78) /GAMMA(30)
MI(31)=ALFA(18) *KT(79)/GAMMA(31)
MI(32) =ALFA(6) *KT{24) /GNMA(32)
MT(74) =ALFA(47) *XT(33) /GRAPA(74)
MI(76) =ALFA(43) *XT'(123) /GAMMA(76)
MI(75) =ALFA(45) *XT(122) /GAMMA(75)
MI(49) =ALFA(S2) *KT(80) /GAMMA(49)

MI(1) «CATOT/ (1.0+GAMMA(L) * (MI(29) +MT (30) +MX (32) +MT(32) +MI (74) +MI(7

15) +MI(76) +MI(49)))
Cl=MI(1) *GAMA(L)
ALFA(1)=C1
0O 120 1=29,32
MI(I)=Cl*MI(I)
ALFA(T)=MI(I) *GAMMA(I)
QNTDUE

MI(74)=C1*MI(74)
ALFA(74) =MI(74) *GRMA(74)
MI(75) =C1*MI{75)
ALFA(73) =MI(75) *GAMMA(75)
MI(76) =C1*MI(76)
ALFA(76) =MI(76) *"GAMMA(TS)
MI(49) =C1*MI(49)
ALFA(49) =ML (49) *GAMMA(49)

SCOIUM SPECIES

MI(42) =ALFA(18) *RT{70) /GAMMA(42)
MI(43)=ALFA(7) *KT(71) /GAMMA(43)
MI(44)=ALFPA(S) *KT(72) /GAPA(44L)
MI(50)=ALFA(47) *KT(31) /GAMMA(50)
MI(94)=ALFA(S) *XT(134) /GAMMA(34)

MI (3) =sNATOT/ (1, 0+GAMMA(3) * (M (42) +MI (43) +MT (44) +MX(50) +MI(94)))

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

Cl=ALFA(3)

D0 130 I=1,5

MI(LIST1(I))=C1*MI(LIST1(I))
ALFA(LISTA(I) ) »MI(LIST2 (1)) *GAMMA(LIST1(I))
CONTINUE

POTASSIUM SPECIES .

MI(48) =ALFA(6) *XT(73) /GAMMA(46)
MIX(51)=ALFA(47) *XT(33) /G»HMCI)
MI{35)=ALFA(S) *KT(135) /GAMMA(99)
MI{4) =KTOT/ (1. 0+GAMMA(4) * (MI (46) +MX(61) +MX(95)))
ALFA(4) =MI(4) *"GAMMA(4)
Cl=ALFA(8)

MI(46) =C1*MI(45)

ALFA(46) =M1 (46) *GARMA(48)
MI(81)=C1*MI{5))

ALFA(61) =MI (51) *GAMMA(61)

MI(35) =C1*MI(93)

ALFA(93) =MI (95) *GAMMA(5S)

41~

E1670
E1680
El§30
E1700
8710
E1720
20730
1740
E1750
E1760
770
£730
n7%
E1300
0nse
E1820
E1330
340
E1850
£1860
£8a70
E1880
E1850
E1900
E1910
£1920
E1930
E1540
E1550
E1360
E1370
E1380
E1590
£2000
£2010
E2020
E2030
E2040
£2050
2060
£2070
22080
£2090
E2100
2110
2120
2130
2140
2150
£2150
£170
2130
R1%9
£2200
£2210
£2220
R230
2240
£2230
2260



S gatt

c 2270
c £2280
c AUMINIUM SPECIES ‘ £2290
MI{(52) =AI TA(27) *KT(B1) /G"MMA(52) R 22300
KI(53) =ALEA(27) **27KT(52) /GAMMA (53) £2310
MI(54) =ALFA(27) **4*KT(£3) /GAMMA(S4) 2320
MI(55) =ALFA(62) *KT(84) /GAMMA(SS) " r330
MI(56) *ALFA(62) **2°KT(85) /GAMMA(S6) £2340
MI(57) «ALFA(62) **3*KT(86) /GRDA(S?) - : £2350
MI(S8) =ALFA(62) **4*KT(87) /GAMMA (58) , £2360
MI(59) «ALFA(6) *KT(88) /GAMMA(S9) ‘ 2370
MI(60) »ALFA(6) **2%KT(85) /GAMMA (60} £2360
MI(51)=ALTOT/ (1. om(m'mz(sz)eum)m(sc)m(sﬂmmmu £23%0
1(57) +4I (S6) +MI (59) +M1{60))) £2400
ALFA(51)aMI(S1) *GAMMA(S]) : 240
CleALFA{S]) ' 2420

DO 140 1=52,60 , ‘ 22430
MI(I)aCloMI(I) : ) - BR440
ALFA(1)=MI(I)*GAMMA(I) . 2450

140 CONTINUE ; . 2450
c : : 2470
c : 2480
c IRON SPECIES £2¢%0
IF (ABS(PE) .LT.20.0.AND.FETOT.GT.0.0) GO TO 150 : 050

GO 10 170 : 2510 -

150 MI($)=KT(1)/(TERMPE*GAMMA(Y)) _ 2520
MI(10)=KT(2) *2E20*TENFH/ (TRMPEGAMMA(L0) ) o 2530
MI(11)=KT{3) *AH2OTENPH/GAMMA(11) K 2540
MI{12)«KT(4) *ARO**3*TENTH**3/GAMMA(12) : 2550
MI(13)=KT(140) *ALFA(47) / (GRMMA(13) *TENMPE) 2560
MI{15)=KT(5)} *ALFA(6)/(TEOTEGAMA(LS)) 2570
MI(16)=KT(6) *ALFA(S)/(TRMPESGAMMA(16)) g 2580
MI(28)=KT(7) *ALFA(5) **2/ (TENMPE*GAMMA(28)) 2530
MI(33)=KT(8) *ALEA(S) **3/ (TENMPE*GAMMA(3Y)) : £2600
MI(34)=KT(9) *ALFA(6) /GAMMA(34) ’ 2610

MI (65) =KT(121) *ALFA(48) /GAM¥A (65) - D620 -
MI(77)«KT(103)* (A2OTENDH) *+2/ (TENMPE*GAMMA(TT)) 2630
MI(76) «KT(104) * (AH20*TENPH) **3/ (TENMPE*GAMMA (78) ) R640
MI(79)sXT(105) * (NRO*TRIFH) *24/ (TENMPEGAMMA{79) ) nsso
MI(80)uXT(106) * (AL2O*TENPH) **2/GAMMA (80) 02660
MI(99) «XT(157) *ALFA(48) / (TENMPE*GNMA(99) ) ‘ R0
MI(100)«XT(135) *ALFA(LT) /GAMMA (100) £2680

MI(8)=FETOT/{1.04GAMMA(8) * (MI(9)+HI(10)+MI(11)4MI(12)+MI(13)4MI(2S E2690
1) #MI(16) +M1(28) +MI (33) 411 (34) +MI(€5) +MI (77) +MI(78) 4MI(79) +MI(80) ¢4 E2700

21(100) +XI(99))) £2710
ALPA(B) sHI(6) SGHRALE) 2720

~-  CleALFA(8) o 2730
LO 160 I=2,18 2740

# - NI(LIST2(I))eC1*MI(LIST2(1)) , 2750
ALFA{LIST2(X) ) @I (LIST2 (I} ) *GAMMA(LIST2{1) ) £2760

0 QQVTDUE . , - : £2770

G0 10 190 ' ' : £2780

170 COVTDUE o £2750
00 160 Ie2,18° y £2600
MI(LIST2(I))=0.0 Lo o 2610

160 CONTDNUE X T 2820
ALFA(8) =MI (8) *GAMMA(8) : £2830
COTDUE - 2840

¢ _ , . £2850
€ MANGANESE SPECIES : £2860

-f2=




anon

c
C
C

g gaggm -LT.20.0.AND, ¥NTOT. GT.0.0) GO TO 200
200 MI(102)=KT(158)/(GAMMA(102) *TENMIE)
MI(103) =KT(159) *MI(3) *GAMMA(S) /GAMMA(103)
MI(104) =KT(160) *MI (5) **2*GAMMA(S) **2/GAMMA(104)
MI(105) =KT(161) *MI(S5) **I*GAMMA(S) **3/GAMMA(108)
MI(108)=KT(162) *MI(27) *GAMMA(27) /GAMMA(106)
MI(107)=KT{163) *MI(27) **I*GAMMA(27) **3/GAMMA(107)
MI(108)=KT(164) *MI(52) *GAMMA(52} /GAMA(108)
MX{109) =KT({155) *MX {5) *"GARMA(S) /GRPA(109)
MI(110) =KT(166) *MI(33) **2*CAMMA(8S) **2/GAMA(110)
MI(111)=KT{157) *MI(7) *GAMMA(7) /GAMMA(111)
XMI112sLCGXT(168) +4 *LH20= (DLOGLO(GAMMA(112) ) =37 PH=S*PE)
Ir (0M12.07.-338.) MI(112)=0.0
IF (X41112.LT.-38.) GO 70 210
MI(112)=10.**XMI112 ’ -
210 CNTDUE
XMI113=LOGKT(169) +4 *LH20~ (DLCGLO(GAMMA(113) ) -8*FE=4*PE) .
IP (XMI113.LT.-38.) MI(113)=0.0
IP (XMI113.LT7.-38.) GO TO 220
MI(113)=10.**XMI113
220 ONTINUE
MI(113) =KT(171) *AHIO**2/ (GAMMA(L1S) *ALFA(84) #43)
MI(101) =MNTOT/ (1.0+GAMMA(101) *(ME(102) +MX (103) +MT (104) +MZ (108) +MI(
%{)}?))4»!!1(107] +MI(108) +MX (109) +ME(110) +ME(111) +ML (112} +ME(113) +MI (11
ALFA(101)=MI(101) *GAMMA(101)
Cl=ALFA(101)
00 230 Is102,113
MI(I)=C1*MI(X)
ALFA(I)=MI(I)*GAMMA(I)
230 QNTINUE
MI(115)=C1*MI(113)
ALTA(1135) =MI(115) *GAMMA(113)
GO, T0 260
240 DO 250 I=101,113
MI(I)=0.0
30 B

CONTIN!
MI(113)=0.0
260 CONTINUR

CALCULATION CF PC2 AND PQH4
Ir (Aaggn .LT.19.0) QO 10 270

G0 T0
270 Q=LLOGLO(XT(94) ) +PH+PEX0.SLIRO
ALFA(70)=10.**(4.0°C1)
280 CNTDNUZ
g %BS(PB) «LT.19.0.20D.ALFA(7) .GT.0.0) GO TO 290
230 XLALFA(71)=({TLOG10(KT(95))-8.0*PE-3.0*PE=3.0*LIRO:DLOGL O (ALFA(T) ))
IP (XLALFA(71).LT.-33.) GO TO 300
ALFA(71) =10, **XLALFA(71)
300 cavTIvUE

LITHIUM, STRONTIUM, BARIUM SPECIES
Cl=KT(126) *ALFA(.7) /GAA(B2)
C2=KT(127) *ALFA(S) /GAMMA(3])

2370
E2880

-E2830

E2%00
E2910
2920
£2930
E2940
E2950
2960
£2970
E2980
22930
2000
£019
23020
8030
3040
E3050
E3060
80970
E3080
£090
23100
2110
23120
2130
8140
3150
E3160
170
£31380
2190
£3200
8210
£3220
E3230
23240
E3250
£3260
0270
£3280
2230
£300
0310
£3320
£3330
8349
£330
360
2370
0380
£233%0
E3400

E3420
E3430
8440
E£3450
450



MI(81)=LITOT/(1. OM(GI)'(CI#QH
ALFA(81)=MI{B81) *GAMMA(81) .
MI(82)=Cl*ALFA(81)

MI(83)=C2*ALFA(8])

CleKT{130) *ALFA(27) /GRMMA(ES)

Qs=KT(149) *ALFA(7) /GAMMA(69)

C3=KT(170) *ALFA{18) /GAMMA(ST)

CS=FT(162) *ALFA(6) /GAMMA{124) ]

. MI(¢.) »SRTOT/(1.0+GAMMA(88) * {QL+C24C3+CS) )

C4A=GAMMA(88) *MI(88) -

MI(89)=C1*C4

MI(69)=2°C4

MI(97)eC3%C4

MI(114)=CS*C4

Cl=XT(131) *ALFA(27) /GAMMA(S1)

MI(90) «BATOT/(1.0+GAMMA(50) *Cl)

MI(S1)aGAIMA(90) *MI(93) *C1

Lo 310 I=1,9

MA(LISB(I))-HI(LISH(IH‘G&M(HSB(!”
310 CNTINUE

C SRMMATION OF }NIQI smcns

N=NPAIR(1)

IF (CORALK.NE.2) GO TO 330

SleMI(18)

DO 320 I=1,N

S1=51+MI(LIM(I))

QNTINUE

320
GO T 350

330 “NTUJE
als2,0*MI(18)
0O 340 I=1l,N
S1eS1+LIALK(T) *MI(LIM(I))

340 CONTDNUE

350 CONTINUE
NeNPAIR(2)
ReMI(6) +MI(60)
Lo 360 I=1,N
S2=S2+MI (L2M(I))

360 CONTINUE

N=NPAIR{J) .

£3aMI(62) +MI (S6) ¢2.0"HI(57) +3.0*MI(58)
L0 370 Isl,H

SB-SM(L!H(IH

COVTDUE

Wm‘ﬂ
£5aMI(5)+MI(28)+4I(104) +2.0*(MI(33)+MI(105))
£0 390 I=],N
S5=SS+MI(LSM(T))
390 OONTINUE

TIT
C FASS BALANCE (N CARBCN
Ir (ORTIT.LE.0.0) GO 70 460
ACT=KT(69) *ALFA(64)
SM=0,0
Snl=0.0

8470
£3480
8450
£3500
£2s510
8520
E3530
B540
0550
3560
BS570
0560

E3600
8610

E4000
EA010
£4020
7 k]
£4040
£4050
E4060




c

480

c

N=NPAIR(1)
DO 400 Is1,N
MI(LIM(I) }=KD(LIK(I}) *ALZA(LIC(I) )} /GAMMA(LIN(I))
IF (LIA(I).2Q.7) MI(LIM(I))=MI(LLM(I))*ACT
SM=SUMHMI (LIM(I) )
SUMl=SUML+LLALK( 1) *MI(LIM(I))
400 CONTDUE
IF (CORALX.NE.2) GO T0 420
MI(18) =ANALCOY (1.0+GAMMA(13) *STH)
ALFA(18) =MI{18) *GAMMA(18)
DO 410 I=1,N
MI(LIM(I) ) =MI(L1M(I)) *ALFA(18)
ALFA(LIM(I) } =M (LLM(I}) *GAMMA(LIN(I))
410 CNTDRE
G0 T0 460
420 CVTWE
IF (CCRALX.M.1) GO TO 440
IF (CCRALK.M.3) GO TO 430

ANALCOSCORTIT-MI (25) =2, 0*MI (26) ~MX (27) ~MX (37) =2.0*MI (45) -MI (47) ~MX

1(54)-MI(67)-2.0*MI(63)~-MI(82)
GO TO 440
430 QNTDUE

SUMALK=MI(29) +MI (76) +MI (19} +MI(41) HMI(11) +MX (10) +MX{99) +MT(52) +MI (
1106) +MI (25} +MI(37) +MI (82) +MI(89) +MI (S1)+MI (38) +MI (§7) +MI(48) +MI (27
2) 42,0 (MI(74) +MI(73) +MI(S50) +MI(61) +MI (80) +MI{100) +MT (13) +1X (77) +M2T
3(53) +MI (26) +MT(68) +MI(47) ) +3.0% (MI(75) +MI(40) +MT (12) +MX (78) +MI (107
4)+MI(113) +MI(45) ) +4.0% (MI(79)+MI(54) ) -MI(54) -MX(63) ~MX(93) =2.0*MI(

556) +M1{53)+2.0*MI{97)
ANALOOSCCRTTTSUMALX

QNTLUE
IF (ANALCO.LT.0.0) ANALCOs0.0
MI{18) »ANALCO/ (2.0+GAMMA(18) *SUML)
ALFA(19) aMI(18) *GAMMA(13)
DO 430 I=l.N
MI{LIM(I))=MI (LIM(I)) *ALPA(18)
ALFA(LIM(I) ) =MI(LIM(I) ) *GAMMA(LIM(I))
450 QU
460 CONTINUE
MASS BALANCE ON SULPATE
IF (SOATOT.LE.0.0) GO TO S00
NsNPAIR(2)
0O 470 1s},N
MI(L2M(I) )=KT(L2R{I) ) *ALFA(L2C(I) ) /GNMA(LIN(I))
470 CONTTNUR
MI(15)=MX(13)/TENMPE
MI{50) =MI(60) *ALFA(6)
MI(36) =MX(36) *ALPA(S4)
SUM=MI (60)
00 480 I=1,N
M= N MI (L2M(T) )
CNTINUE

MX(6) =SO4TOT/ (1.0+GAMMA(6) *SUM)

ALFA({8) =MI{6) *GAMMA(S)

DO 490 Isl,H8

MI(L2M(I) ) =MI(L2M(1) ) *ALFA(S)

ALFA(L2M(I) ) =MI(L2M(I. ) *GAMMA(L2M(T) )
490 QNTIIOE

$00 CONTDNUE
MASS BALANCE (N FLUCRIDE
IF (FT07.LE.0.0) GO TO 540

440

E4070
E4080
E4050
E4100
£4110
E4120
EAL30
E4140
E4150
E4160
E4170
£4180
£4150
E4200
E4210
£4220
£4230
EA240
£4250
EA260
E4270
£4280
E4290
E4300
E4A310
EA320
£4330

£4350
E4360
E4370
EAJ30
E43%0
E4400
E440
E4420
E4430
E4440
EA450
E4460
E4470
£4480
E4490
Z4500
E4510
E4520
£4330
EAS40
EAS50
EAS60
EA570
E4530
E43550

4610
EA620
E4A630

E4650
E4660



C

NeNPAIR(J)
DO 510 I=],N

MI(L3M(I))=KT(LIK(I))*ALFA(L3C(I)) /GAMMA(LIM(I))
0 CONTINVE

MI(S6) =MI(56) *ALFA(62)

MI{57)=MI(57) *ALFA(62) *ALFA(62)
MI(58)=MI(58) *ALFA(62) *ALFA(62) *ALFA(62)
SUM=MI (56) +2.0*MI(57) +3.0*MI(S8)

DO 520 I=1,N

SUM=SUM+ML(L3M(I) )

-520 CQNTINUE

MI(62) =FTOT/ (1.0+GAMMA(62) *SUM)
ALFA(62) =MI(62) *GAMMA(62)

DO 530 I=1,N
MI(L3M(I))=MI(L3M(1))*ALFA(62)
ALFA(LIM(I) ) =MI(LIM(I)) *GAMMA(LIM(I))

$30 CONTINUE

540

§50

560

CarINUE

MASS BALANCE (N PHOSPHATE

IF (PTOT.LE.0.0) GO TO 580

N=NPAIR(4)

Cl=XT(1€) *ALFA(64)

QsXT(17) *ALFA(64) *ALFA(64)

DO 350 I=1,N

MI(LAM(I) ) =KT(LAK (D)) *ALFA(LAC(I) ) /GAMMA(LAM(T) )
IF (LAA(I) JEQ.47) MI(LAM(I))=MI(LAM(I))*C1
IF (LAA(T) .BQ.48) MI(LAM(I))=MI(L4M(I))*C2
CaIINUE

MI(13)=MI(13)/TENMPE

MI(48)=MI(48) *ALFA(64)

MI(99) =MI(99) /TENMPE

SUM=0,0 :

DO 560 I=1,N

SUM=SUM+MI (LAM(I))

CONTINUE

MI(45)=PTOT/(1.0+GAMMA(4S) *SUM)

-ALFA(45) sMI{45) *"GAMIA(45)

DO 570 I=1,N
MI(LAM(I) )mMI{LAM(I)) *ALFA(45)
ALFA(LAM{I) ) sMI (LAM(I) )m(un(n )

570 CNTINUE

550

IF (CQLTOT.LE.0.0) GO TO 620
NeNPAIR(S) )
DO 590 Is1,N

MI(LSM(I))=KT(LSK(I)) *ALFA(LSC(I) ) /GRMMA(LSM(I))
CONTDNUE .

MI(16)sMI(16)/TEMPE

MI(28)=MI(28) *ALFA(S) /TRNMPE
MI(33)=MI{33) *ALFA(S) *ALFA(S) /TENMFE
MI(104)=MI(104) *ALFA(S)
MI(105)=MI(10S) *ALFA(S) *ALFA(S)

. SUM=MI(28)42.0*MI(33)+MI(104)+2. 0'!1(105)

600

DO 600 Is},N
SUM=SUM+MI (LSH( m
CNTINUE

MI(S)=CLT0T/(1. OM(S) *SUM)

ALFA(5) =M1 (5) SGAMMA(S)
DO 610 Is=1,N

E4670
E4680
EA690
EA700
E4710
E4720
EA730
E4740
E4750
E4760
E4770
E4780
E4A790
E4800
E4810
E4820
E4830
EA840
E4850
E£860
E4870
E4880
EA8%0
E4900
E£210
E4520
E4930
E4940
E4A950
E4950
E4A970
E4A$80
EASS0
ESQ00
E5010
E5020
ES030
ES040
ES0S0
ES060
ES5070
5080
E090
£5100
E5110
5120
ES130
ES5140
E150
ES160
ES170
ES180
ES1%0
E5200
£5210
£5220
5230
Es240
E5250
ES260
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610
620

§30
§40

§50

660

§70

680

650

MI(LSM(I))=MI(LSM(I))*ALFA(S)
ALFA(LSM(I))=MI(LSM(I)) *GAMMA(LSM(I))
CONTDWE

CONTUE

ALFA(35) «MI (35) *GAMMA(BS)

ALFA(98) aMI{98) *GAMMA(38)

ALFA(27) =AHRC*KWV*TENPH

MI(27) =ALFA(27)/GRA(2T)

MI(54) =150/ (TNPH*GAMMA(64))
TEST1=51-ANALCO

TEST2=52-SCATCT

TESTIaS3-FTCT

TEST4=S4=-PTOT

TESTS=SS-CLIOT

RBIT=0

IF (S1.5Q.0.0.CR.ANALCO.LE.0.0) GO TO 530
IP (ABS(TEST1) .GT. ERORL*ANALCO) RBITs1
G0 O §40

ANALOO=0 .0

CONTIWIE

IF (52.:.0.0) GO 70 659

IF (ABS(TEST2).GT, ERCR2*SOATOT) RBITs]
CNTDNUE

IF (S3.52.0.0) GO TO 660

IF (ABS(TEST3).GT.ERCRI*FICT) RBITs1
CONTINUE

IF (S4.5Q.0.0) GO TO §70

IF (ARS(TESTM) .GT. ERCRA*PIUT) RBITs1
CONTDUE

I? (S5.520.0.0) GO TO 680

IF (ABS(TESTS).GT.ERCRS*CLTCT) RBITwl

CNTDRUE

IF (PRT(2) .NE.0) QO 10 5§90

WRITE (6,700) ITER,TEST1,TEST2,TEST3,TESTY,TESTS
CONTINUE

RETURN

700 go'w (18 ,3x,13,5%X,5(1FE10.3,2X))

SUBRCUTINE PRINT

IMPLICIT DQUBLE PRECISICNM (A-H,0-2)

INTEGER D, B,00, RBIT, CORALX, 2(120) ,LIST4(108) ,LISTS (8) ,PRT(4)

INTEIGER PECALC, PECX

DCUBLE PRECISICN MI(120) ,XT(200) ,LOGKT(200) ,LOGKTO(200) ,MVTOT, LIRO
1,MJ,NATOT, KTOT, MGTOT, LITOT, NE4TOT, KW, RATIOL (10) , RATIO02 (10) ,RATION
2(8) XLGAM(120)

CHARACTER *8 NSPEC(120) ,MREACT(200)

*30 TITL

oM MI,KT, LOGKT, LOGKTO, K4, D, E, 0D, C, R, T, P, TEMP, A, B, PE, PES, PEDO, P
1ESATO, PEXX, PECALC, PH, TENMPE, TENPH, ALFA(120) ,GAMMA(120) ,AP(200) ,XLA
2LTA(120) ,3, QUINITS(120) , ANALMI (120) ,GFW(120) ,DHA(120) ,NSPEC, NRE'CT,
306 200) , AH20, LH20, ERORL , ERORR , EROR3 , ERCRA , ERORS , EEM, DENS, DOX, XIME
4120) , ITER, RBIT, CLSAVE, CORALX, MU, LCHEX ( 200) ,CCRTTT, ANALCO, SITOT, CAT
5CT, MGTOT, KTCT, HATCT, SO4TCT, FETOT, PIOT, ALTOT, FICT, BTOT, LITOT, NHATOT
§ , SRTOT, BATOT, QLTOT, MNTUT, ICK, PRT, TITL, EPMCAT, EPMAN, NEQU, ISPEC,
7!5?&(120) TMIN, KMIN{ 200) ,~TS, IDAVES, IFRT, 3J,JR

DATA LIST#/1,2,3,4,64,5,6,7,18,86,27,62,98,19,23,22,21,20,29,32,30
1,31,49,44,43,42,94,46,95,63,96,93,24,25,26,14,67,68,9,9,10,11,12,7

=47~

55270
ES280
ES290
E5300
ES310
£5320
E5330

ES360
£35370
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27,78,79,80,13,100,65,99,15,16,28,33,34,101,102,106 107,111, 109,110 F 200
3,103,104,105,108,112, 113.115 51,52,%3,54,55,56,57,58, 59.50.(5.47.‘ F 210
48,40,73 41.75 74,76,61,50,36,37,85,38,39,92,81,82,83,88,69,97,89, F 220

590, 1/ F 230
DATA LISTS/1,2,3,4,51,8,6,7/ F 240
CEPMAN=0.0 N - F 250
CEPMCT=0.0 o o . : F 260
ELECT=0.0 : F 270
DO 20 1=1,D . ~ F 280
ELECT=ELECT+2¢ 1) MI(I) : : F 290
IF (2(1).GT.0) GO TO 10 F 300
CEPMAN=CEPMAN-Z(I) *MI(I) : F 310
G0 TO 20 F 320

10 CEPMCT=CEPMCTVZ(I) *MI(I) A : o F 330
20 CONTINUE _ _ T F 340
ELECT=ELECT*1000, . « F 350

CEPMANSCEPMAN*1000. * (1.0-C1SAVE*1,0E~06) » r 350
CEPMCT=CEPMCT*1000. * (1.0-C1SAVE*1 ,0E~06) F 370
51-eu(7)+mua)+mt21)+ux(zzmu(30)+ux(31)%(«2)4&(0)%(86)4& F 380

1I(111)+M2(€69)+2.0*MI(97) F 390
POXR=0.0 ) N F 400
XLPCR=-99,9 ) F Q0
IF (51.GT.0.0) GO TO 30 S F 420
GO TO 40 F 430

30 POR=ALFA(B6)/10,0**(108.3865+0.01985076*T-6915.53/T-40.45154 F 440

1*DLOGLO(T) +669365.0/T**2.0) F 450

XLEQOR=DLOGL0 {FOR) o F 450
40 CONTINUE v . I F 470
EHPE=PE*C*R*T/F F 480

Wdﬂ(BO)d'HI(ZS)M(76)M(IS)W(ZZ)OM(Q)W(G)M(H)%( P 450
110} +MI(99) +MI (52} +MI (106) +MI (111)+MI(25) +MI(37) +MI(82)+MI({89)+MI(5 F 500
21)+MI(38) +MI(€7) +MI(7) +MI(48) +MI(27) 42.0%(MI(74) +MI(I1)+MI(21)+MI( F 510
373) +MI(42) +MI(S0) +MI(61) +MI(80)+MI(200)+MI(13) «MI(77) +MI(S3)4+MI{26 F 520
4) +MI(68) +MI (18) +MI(47))+3.0% (MI(7S)+MI(40)+MI(i2)+MI(78)+MI(207)4% F 530
SI(IlSHHIMS))N.O'(HI(N)#HI(SO)-HI(“)-HI(GJ)-HI(”)-Z.O“HI(QG) F 540

6+MI(69)+2°MI(97) £ 550
SOMALK=SUMALK*1000., F 560
CARBAL=MI (7) +H1 (30) +MI (22) #4Z (43) #4I(111) 42,0 (MI(31) +MI (20) 2 {42 F 570

1) +MI(18) ) #MI(68) +2.0*MI(57) F 580
CARBAL=CARBAL*1000. F 590
WRITE (6,110) TITL T F 600
WRITE (6,120) o . F 610
WRITE (6,120) . F620
HRITE (6/130) AR2O, EPMCAT, CEPHCT, PE, PCC2 , EFMAN, CEPWAN, XLECDR F 630

_ %.mmm .mrzu.‘wm,mmu ,pzs.a,rmo.nms.rm.m.ms F 640
. I¥ (PECALC,KE.) WRITE (6.140) PE, BHPE S F 660
- -WPITE (6,150) . ' , o o F 670
DGM=10,24 (=38) . S e F 680
BOSOIadD . . R F €90
CQNITS(1)e0.0 * : N F 700

IF (MI(I) .u.wm 0 10 50 - : F 110
CUNTTS () «HI(T)*1000, mm'u.o-l.os-os*asm:) S F 720
XLMI (1) =DLOGLO(MI(Z)) . L F 730

, XLALFA(T) =DLOGLO (ALFALT) ) L PR F 740
_ mm(n-uano(mm) . R £ 750
50 COVTDNJE : : : : . F 760
DO 80 Is1,104 . ° L : F 770

IF (MI(LISM(D)).LT.OUM) GO 7080 = . , F 780

IF (ISPEC.EQ.0) O T070 . e T F 750

48
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DO 60 Jsl,ISFEC
IF (LIST:I).Q.XSFEC(J)) GI TO 70
§0 CONTDUE
GO 70 80
70 CONTDUE
WRITE (§,160) LIST4(I),NSPEC(LIST4(I)),Z{LIST4(I)),CUNITS(LIST4(I)
1) ,MI(LISTA(I)) (ALFA(LISTA(I)) ,XLALFA(LIST4(I)) ,GRNMA(LISTH(I))

80 CONTINUE
IF (PRT(3).NE.0) GO TO 100

mﬁ!o]mﬁ CP MOLAR RATICS AND LOG ACTIVITY RATIOS.
Do In
IP (ANALMI(LISTS(I)).LT.12=30) ANALMI(LISTS(I) )'15-30
IP (MI(LISTS{I)).LT.18-30) MI(LISTS(1))=1BE=30
IP (MI(LISTS(I)).LT.18-30) XLALPA(LISTS(I))=-30.
°mm(:)-maun(51/m:.'u(us:sm)
AATTIOZ (I) =X (5) /MI(LISTS(IL}}
90 QNTDNUE
RATIOL (9) mANALMI (1) /ANALME { 2)
RATIOL (10) =ANALMI(3) /ANALMI( 4)
RATIO2(9)=MI(1)/MI(2)
RATIC2 (10) =MI(3) /MI(4)
RATIO3 (1) sXLALFA(L) +PH*2.
RATIC3(2) =XLALFA(2) +PH"2.
RATIO3(3) =XLALRPA(3) +PH
RATIO3 (4) sXLALPA(4) +PH
RATTIO3(5) sXLALFA(51) +PH*3,
RATIO3(§) =XLALFA(D) +7H*2.,
RATIO3(7) s:LALFA(L) -XLALFA(2)
RATIOI (8) =XLALFA(3) =XLALFA(4)
WRITE (5,120)
WRITE (6,170) (RATIC1(I),RATIC2(I),RATIC3(I),I=1,8),(RATIOL(I)
lom(n 71-9:10)
100 CNTDNUE
WRITE (6,110} TITL
RETURM

110 FORMAT (/1X,A80)

120 PORMAT (/7)

130 FORMAT V/.zzx.""'nmxrrm« oF SQLUTICNM ""'://rlOX.'m '
1,5%,'cMP, * ,9%, ' PH' , 11X, "ACTIVITY H2O = .n.o./.u.'m ',

E mozozxo 02'“' .3.9!.'?&2- ‘.1:513 solllx"m .0P!‘8.2
3,2%,F8.2,21X,'L0G FOO2 = *,F8. 4,/,30!. TEMPERATURE' ,8X,'F02 = ',
lle 5./,11.'3! - ‘,OPFS.O.ZX.‘PB - .P7.3 48.?6.2. oEs ¢ .SX.

" 3'PCHY = *,1P023.5,/,1X,°PE CAIC S = *,0PF8.3,26X,°'C02 TCT = *,1PE]
63.6,/,1X,'PE CALC DOX=',0PF7.3,9X,' ICNIC STRENGTH® ,4X, 'DENSITY » '
7;’8.‘0’,“.'“ SATO DX .?7-3.91.1?213.6.5!.'“ - '0”’-1.
8'M3/L,/,1%,'TOT ALX = *,1PE10.3,' MEQ',22X,'CARS ALX',

9 = *,F10.3,' MQ',/,1X,'LECT = ',E10.3,° MEQ',/)
140 FOSMAT (1X,'IN COMPUTING THE DISTRIBUTION OF SPECIES,'/,1X,'PE s !
1,§7.3,5X, ' BQUIVALENT o «',F7.3,'VOLTS' '//)

130 PCRMAT (///,25X,* ‘,/ 423X, DISTRIBUTICN CP 3
1peCIES*,/,25X, " o/ e2%, ' 1" '2X. 'spnczzs' 9%
2,'PPM ,7X, * MOLALITY® ,3X, ' ACTIVITY' ,4X, ' LOG ACT' ,4X, 'GAMMA® /)

160 PORMAT(1H ,I3,1X,A3,13 ,u,mx.t.u,m.c,u.unl.t
1,1X,0PF7.3,1X,1PE11.4)
170 FCRMAT (//,3X,'MOLE RATICS FRCM',9X,'MOLE RATICS FROM',/,2X,

-49~

F 800
F 810
F 820
P 830
F 840
F 850
F 860
F 370
# 880
? 8%
P 900
F 910
P 920
F 930
F 340
P 950
F 960
F 970
F 980
F 990
F1000
F1010
F1020
F1030
F1040
F1050
F1060
F1070
F1080
F1090
F1100
F1110
F1120
F1130
F1140
Fl150
F1160
F1170
F1180
F1190
F1200
F1210
F1220
Fl1230
71240
£1250
F1260
F1270
F1280
P1230
£11300
niio
Fl320
F1330
F1340
71350
F1360
F1370
F1230
F1350
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1*ANALYTICAL MOLALITY',7X,'COMPUTED MOLALITY',7X,°'LOG ACTIVITY',

2. m' ./.IXJ(ZI(‘-‘),CX) ,/;lX"Q.’CA = ';1?211.4,41,'Q/CA'
3" - '.ﬂl.‘.(x.'m CA/HZ = ',0??9.(.'/1)(.'(1/& - '.1?211.‘,
44X, 'QA/NMC = 'LELL¢,4X,'L0G MG/H2 = ' ,0PFS.4,/1X,'QA/NA =,
S1PELl .4,4X, -

€'QA/NA = *,E1]1,4,4X,°10G NA/HE = '.OPFS.‘./plx"Q/K =,
TPELL.4,4X%,'Q/K = *,E11.4,4%,'L0G K/H1 = ',0PFF9.4,/,1X,* QJAL
8 = ',lPﬂl.('tx.'G/AL = "ulo"‘x'.m AI./lB - ',OPFS.C./,
Slx,'ME L ',IPEU..(.(X"GJPE - ',ﬂl.(.‘x.'l.m PW = .'
SOPFS.4,/ 11X, 'CL/SOE = ', 1PFE11.4,4X, 'CL/SO4 = ',511.4,4%,'L0OG CA/
SPG - '.0??9.4,/.“.'@."!!’:03 = ',1?511.(.0!,'@/&:03 = ',I'.ll.(, .
Su,'m M = 'oOPﬂO‘D/'u"m -",IPﬂl.(,lx.'W!ﬁ - !
S£1.4./.u.'m = LEL4,4X,'NAK = ELL4)

SUBRGUTINE SAT , ‘

IMPLICIT DQUBLE PRECISION (A-H,0-2)

INTEGER D, E,DZ, RBIT,CORALK, 2(120) ,LISTS (24) .mw

INTEGER iECALC, PEXK

DIMENSIQN LIST7(101), LIST8(15),LIST9(2S),LISTO(101)

DOUBLE FRECISION MI(120) ,KT{200) »LOGKT (200) ,LOGKTO(200) ,MNTOT, LE20
lpm'm'm Fl.l ,Lm.m‘m,

CHARACTER *8 NSPEC(120) ,NREACT(200)

CHARACTER *80 TTIL

COeH n:.m,m,mm,m,n,z.w.c.n.r.r,m,a,a,Ps.?rs,rmo,v
1ESATO, PECK, PECALC, PH, TENMPE, TENPH,ALFA(120) ,GAMMA (120) , AP (200) ,XZA
ALFA(120) ,2,QURITS(120) ,ANALMZ (120) ,GEW(120) ,DHA(120) ,NSPEC, KREACT,
3DH(200) , A0, LE20, ERORL , EROR2 , EROR3 , ERORA , ERORS , EHM, DENS, DOX, XLMI(
4120) , ITER, RBIT, C1SAVE, CORALK, MU, LCHEX ( 200) ,QRTTT, ARALCO, STTOT, CAT
$0T, MGTOT, KTOT, NATOT, SO4TOT, FETOT, PTOT, ALTOT, FTOT, BT0T, LITOT, NB4TOT
6 ,SRIOT, BATOT, CLTOT, MYIOT, 1CK, PRT, TITL, EPMCAT, EPMAN, NEQU, ISPEC,
7KSPEC(120) , IMIN, KMIN(200) ,TDS, IDAVES, IFRT,JJ,JK
15&')1:31!.{55/1,2 3.4.5.6.7.8.9.11.13.24.27.40,45,47,51.54,62,67,88 S

DATA LIST7/40,41,141,51,43, 18,114,42.22.151.1(5,49.53.20'13.1“,98

1,50,21,30,57,100,29,12,56,113,120,97,63,28,52,111,112,119,19,€5,48
2,109,118,39,96,46,47,44,129,148,68,99,110,11,108,64,116,117,58,67,
359,61,150,55,45,142,115,5¢4,102,37,10,101,147,143,38,66,62,32,60,10
47,146,154,155,156,172,173,174,175,176,177,178,179,180,181,183,184,
5185,186,187,188,18%,190,191,192,193/
_ 1&374\,1.1518/107 108,109 '110o111.112.113011(,115p119.120.173.174.175

4

DATA LI579/13,12,10,161,19,144,145,96 .107 .63,113,111.109 52,14
1.180,100.101.93.102.(7.15(.37,120,63/

CALCULATION OF ION ACTIVITY pmms
0O 20 I=1,24

- IF (ALFA(LIST6(I)).LT.1.5-38) GO 10 10
ALFA(LISTS (D) )-DINJ.O(ALE‘MLIM(IJ n

GO TO 20
10 ALE'MLISI‘(!) y==2E4
20 CQTNE

AP(10)sALFA(E) +ALFA(18)
AP(11)=sALFA(2) +ALFA(18)
AP(12)=sALFA(1) +AP(11) +ALFA(18)
AP(13)=ALFA(]) ¢ALFA(18)
AP(18) sALFA (1) +ALFA(€)
AP(19) =AP(1€) +2E0*LE20
AP(20) =ALFA(2) +2E0*ALFA(27)
- AP(21) =3E0*ALFA(2) +2E0*ALFA(24) 46EO*ALFA(27) =SEQ0*LE20
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AP(22) =AP{13)

AP(28) =2E0ALFA(2) +ALPA(24) ~4E0* (ALFA(27) -LIO)

AP(29) =ALFA(L) +ALFA(2) +2ED*ALPA(24) +4ED*ALPA(27) -SE0*LIR0

AP(30) =ALFA(2) +ALFA(24) +220*ALPA(27) ~350*LI20

AP(32) =2E0*ALFA(]) +5E0*ALEA(2) +3E0YALPA(24) +14E0*ALFA(27) =220 LIR

10 :

AP(37) =2E0*ALFA(2) +3ED*ALFA(24) +4E0*ALFA(27) -4, 5E0'LH20

AP(38) =3E0*ALPFA(2) +4E0®ALFA(24) +SEQ*ALFA(27) ~1E1*L20

AP(39) =SEQ*ALFA(2) +4EO*ALFA(18) +2EQ0*ALFA(27) +4E0*LH20

AP(40) =ALFA(4) +ALPA(54) +3E0*ALFA(24) -8ED*LH20

AP(41) »AR(40) -ALFA(4) +ALPA(I)

AP(42) =ALFA(1) +2E0% (ALZA(54) +ALFA(24) ) -BED*LIRO

AP(43) =ALPA(3) +ALFA(S4) +2E07ALFA(24) -SEOYLIRO

AP(44) =ALFA(4) +3E0* (ALFA(54) +ALFA(24) ) -2E0*PH=12E0'LIRQ
123(“5) sALFA(4) +ALFA(S4) +320# (ALFA(2) +ALFA(24) )+6E0*ALFA(27) -1E1*LH

AP(46)=,5E0*ALFA(4) +.25E0%ALFA(2) +2.3IE0*ALFA(34) +3 . SEO*ALPA(24) -1,
12E0°Pe=-11.2E0*LIR20

AP(47) »2E0* (ALFA(S4) +ALFA(24) -PH) -7E0*LH20

A2(48) =ARP(47)

Cls{ SQRT(MI (1) *GAMYA(L) 4MI(2) *CAMMA(2) +MI (3) *GAMMA(I)))

I? (Q.Gr.0.0) CQ1=0LOG1O(C1)

AP(49) =, 33R07CLl+2. IIEN*ALFA(4) +3 . STEOPALFA(24) =2E0*PR-12ED*LH20

AP(50) =SEO*ALFA(2) $2E0*ALFA(54) +3E0*ALPA(24) +8E0*ALFA(27) -1 E1 *LH20

AP(51) =ALFA(4) #3IE0*ALFA(S1) +SEQ*ALFA(27) +2EG*ALFA(S)

AP(52) =ALFA(51) +3E0*ALPA(27)

AP(33) =AP(32)-LE20

AP(34) =2E0*ALPA(S4) +4ED*ALPA{24) =2E0*PH=12.0"L20

AP(55) =, SEO* (ALPA(J) +ALFA(4) ) +ALFA(54) +3E0*ALFA(24) -7TE0*LIR0

AP(S6) =ALFA(3) +ALFA(S4) 3. SEO*ALFA(24) -6 20*LE20

Q=(MI(3) *GAMMA(3) +MI(4) *GAMMA(4))

IF (Q2.G1.0.0) Q=DLOG10(Q)

IF (Q.LE.0.0) Q1»2E3

AP(S57) =, 5E0*C2+ALFA(S54) +SEO*ALFA(24)-3.5E0*LH20

AP(58) », SED*C2+ALFA(S4) +4 . SE0*ALFA(24) -3E0*LI20

AP(39) =ALFA(3) +ALFA(7)

AP(50) =3EQ*ALFA(J) +ALFA(7) +ALPA(13) +2E0°LH20

AP(52) »2E0*ALPA(3) +ALFA{18) +Li20

AP(51) =AP(62) +9E0*LI20

AP(63) =ALFA(1) +2E0*ALFA(52)

AR(54) =, 1§TEQ*ALFA(1) +2 . 33E0*ALFA(54) 43 . §7E0*ALPA(24) -2E0*PH~12E0*
1Lmo

AP(55) =ALFA(3) +ALFA(3)

.- AP(66) »2EQ*ALFA(3) +ALPA(S)

AP(57) sAP{66) +1E1 *LH20

- AP(58) »ALFA{B) +ALFA(57)y+PH
AP{96) sSE0*ALFA(1) +3E0* (ALFA(47) ~Li20) +4ED*ALFA{27)

AP(97) sSE0*ALFA(1) +3E0* (ALFA{ 47) -LH20) +3IE0*ALFA(27) +ALFA(62)
AP(98) »ALFA{24) -2E0*LH20

AP(99) sALFA(4) +7TEO*ALFA(24) +PH-FED*LH20

AP(100) =AP(98)

AP(101)=AP(38)

AP(102) =AP(38)

IP (ABS(PE).LT.20.0) GO TO 30

G 70 40

30 CONTDUUE

AP(107) s3E0*ALFA(3) +220*ALFA(4S) +3E0*LI20
AP(108) =3EQ*ALFA(9) -PE+4 ED*LIRC+BE0*PH
AP(109)=2E0*ALFA(3) +3D0*LIROHSEN*FH

G 470
G 480
G 450
G 500
G 510
G 520
G 530
G sS4
G 550
G 560
G 570
G 580
G 530
G §00
G 810
G 620
G 630
G 640
G 5§50
G 650
G 6§70
G 680
G 6§30
G 700
G 710
G720
G 730
G 740
G 750
G 750
G770
G 780
G790
G 800
G 8l0
G 820
G 830
G 840
G 850
G 860
G 870
G 380
G 850
G 500
G 510
G 920
G 930
G 540
G 950
G 360
G 970
G 580
G 950
G1000
Gl010
G1020
G1030
G1040
G100
GL0s0



40

50
€0

.

AP(110) =sAP(108)

AP(111)=ALFA(9) +3E0*ALFA(27) -LI20

AP(112) =3EO*ALFA (8) +2E0*ALFA(24) OGED'ALFMTI) ~SE0*LH20
AP(113) =ALFA(9) +3E0* (LI20+FH)

AP(114) =AP(45) +JEQ* (ALFA(8) -ALFA(2))

AP(115) =ALFA(8) 42E0* (ALFA(67) +PE+FH)
AP(119)sJED*ALFA(B) +4EO*ALFA(67) +2E0*PEF4E0* P
AP(120) =AP(66)

AP(173) =ALFA(102) +2*LI20+4 *PEHPE
AP(174)=sAP(173)

AP(175) =AP(173)

AP(177) a3*ALFA(101) +4 *LIRO+E*FH+2*FE

GQ T 60

CONTINUE

DO 50 I=1,15

J1=LIST8(I)

AP(J1) ==6000.

CNTINUE

PECK=1

COTINUE
AP(11€) =,28*ALFA(2) +.23'ALE’M9) +1 .SG"MFMS() +3,93%ALFA(24) ~10.*LE

120

AP(117) =, 4S*ALFA(2) +.34*ALFA(9) 41 .&7'AI.£M50 43,82°ALFA(24)~9.2*LB

120+.76*5d
AP(118) =3EQ*ALFA(2) +ALFA(1) M EO*ALFA(16)
AP(129) =ALFA(1) +2E0*ALFA(S4) M EO*ALFA(24) ~6E0*LI20
AP(141)=AP(52)
AP(142) =2E0* (ALFA(1) +ALFA(54) +E!) +3£D‘AIFM20 =-8E0*LI20
AP(143)=ALFA(88) +ALFA(18)
AP (144) =ALFA(88) +ALFA(S)
AP(145) =ALFA(90) +ALFA(€)
AP(146) =sALFA(90) +ALFA(18)
AP(147) =ALFA(9) +ALFA(45) +2E0*LE20
AP(148) =2E0*ALFA(1) +4ED*ALFA{S4) +8E0*ALFA(24) -1 7E0*LIR0O
AP(150) =ALFA(2) +ALFA(18) +3E0*LI20
AP(151)=2E0*ALFA (L) +ALFA(18) +2E0*ALFA(27) ¢3E0*LE20
AP(172) =ALFA(101) +LH20¢2*FH
AP(176) =2*ALFA(102) +3*LI20+6*PH
AP(178) =ALFA(101) +2*ALFA(27)
AP(179)=ALFA(102) +3*ALFA(27)
AP(180) sALFA(102) +2*LE20+3*PH
AP(181) =sALFA(101) +ALFA(18)
AP(163) =ALFA(101) +2*ALFA(S)
AP(164) =AP(183) +LH20
AP{185) =AP(183) 4+2*LH20

~AP{186)=AP(163) +4*LE20

- AP(187) s2*ALFA(101) +ALFA(24) +4*PH
"z AP(183) s2*ALFA(101) +ALFA(24) +2*PH-LI20
T AP(189) =sALFA{101) +ALFA(67) +PH

AP(190)=sALFA(101) +ALFA(6) .
AP(191) =2*ALFA(102) +3*ALFA(€)
AP(192) «3*ALFA(101) +2*ALFA(45)
AP(193)=sAIFA(101) ¢ALFA(47)
AP(154) sAP(37)
AP(155)sAP(52) -LH20

AP(156) sAP(129)-2*LH20

WRITE (6,140)

WRITE (6,150)

IF (PRT(4).NE.8) GO TO 67
INPRINT=2S

wS2=

G070
G1080
G1090
G1100
Gl110
Gll20
G130
G1140
Gl150
Gl160
Gl170
Gllgo
G190
G1200
Q210
Gl220
GL230
Gl240
G1230
G1260
Gl270
G1280
G1290
Gl300
Glilo
G320
G330
Q340
G1350
GL360
G370
G380
GL390

G400

Q40
GLL20
Gl430
G1440
@450
G460
@470
G480
@450
G1500
Gl510
G1520
G1530
G1540
G1550
Q550
G570
G1580
G590

. G1600

G610
G620
G630
G1640
Gl650
G1660

[




e’ -

aOon

DO 6§ I=1,DNPRINT
LISTO(I)=LISTI(I)
§6 CONTDWE
Q0 T0 &%
§7 DIFRINT=101
DO §3 Is1,INPRINT
LISTO(I)=LIST7(I)
63 CONTINUE

§5 DO 100 Is=1l, DNPRINT

IP (IMIN.EQ.0) GO TO 80

X=0 .
DO 70 J=1,IMIN

IF (LISTO(I).2Q.RMIN(J)) K=l

70 CNTDUE
Ir (X.m.1) GO 70 80
G0 T0 100
80 QNTINUE

IF (AP(LISTO(I)).LT.-33.0.CR.AP(LISTO(I)).GT.38.0) GO TO 350

IF (LCHEX(LISTO(I)).EQ.1) GO TO 30
DUM=AP (LISTU(I) ) -DLOGLO (KT(LISTO(I)))
IF (DUM.GT.75.) GO TO 90
XIAP=10,**AP(LISTO(I}))
RATwXIAP/KT(LISTO(I))

WRITE (6,160) LISTO(I),NREACT(LISTO(I)),XIAP,KT(LISTO(I) ) +AP(LISTO

1(D),LOXT{LISTO(1) ) , RAT, XLRAT

GO TO 100

350 IF (AP(LISTO(I)).LT.-5000.0.CR.AP(LISTO(I)).GT.5000.0) GO 7O 100

XLRAT=AP(LISTO(I) } ~LOGKT (LISTO(I))
R*T*XLRAT

DELGReC*

WRITE (6,170) LISTO(I),NREACT(LISTO(I}),AP(LISTO(I)),LOGKT(LISTO(

1I)) ,XLRAT
100 CONTDNUZ

IPF (PECK.EQ.1.AND, FECALC.NE.0) GO 70 110

GO T0 130
110 WRITE. (5,180)
0O 120 I=1,13

WRITE (5§,190) NREACT(LISTS(I))

120 CONTDNUE
130 CONTDUE
RETURN

140 FORMAT (//)

150 FORMAT (//,6X,'PHASE',6X,* IAR',7X, 'KT" ,6X, '10OG 1AP*,2X,'LOG KT',

14X, * IAP/XT* ,2X, 'LOG IAP/KT',/)

160 FORMAT(1H ,I3,1X,A3,2(1PE10.3),2(1X,0PF8.3),1X,1PELO.],

11X,0999.3)

170 FORMAT (14 ,I3,1X,A8
180 FORMAT (///,1X,'PE 1S GREATER THAN 20 CR LESS THAN =-20°,/,1X,'AN',
POLLOVING MINERAL REACTIONS HAVE BEEM DISREGARDED',/)

1'D THE
190 FORMAT (1H ,20X,A3)
END

»21X,2(F8.3,1X) ,9%,F10.3)

G1670
G1680
G1650
GL700
G710
Gl720
Gl730
Gl1740
G1750
GL760
Q770
G17230
Gl7%0
G1800
G810
G320
Gl8io
G1840
Glaso
Glaso
Q1370



NON O N

39.1020
35.4530
96.0616
61.0173
55.8470
$5.8470
72.85484
72.8549
106.8690
151.8200
34.0798
151.9086
91.3000
34.0799
60.0094
41,3154
43,3104
84.3214
85.3293
120.3736
§6.1155
95.1075
94.0995
17.0074
126.7530
57.0874
101.0873
100.08%0
136.1416
162.2060
151.8086
60.0848
61,8331
60,8251
17.0306
18.0386
119.2834
121.2993
82.9952
83.9%09
119.0514
94.9714
135.1636
95.5794
§6.9873
$9.0784
118.9652
26,9815
43,9889
60.9562
§5.0110
45.9799
64.9783
83.9767
102.9751
123.0431
219.1047
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‘PE(CH)2
‘FE(CH)3
‘FE(CH) 4
‘PE{CH) 2
‘LI
'LICR
'LISO4
'NH4CALC
N3
‘200

USU
= b e

* g
rtoocococordblorr

OO O

]

QONFFOOM

U
-

135.0814 5.4
18.9984 3.5
97.0656 4.5

1.0080 9.0

152.3340 5.4
34.0799 0.0
33.0720 3.5
32.0640 5.0

148.537) 5.4
31.9988 0.0
16.0430 0.0
18.0153 0.0

120.2314 0.0

136.059¢ 0.0

135.0514 5.4

137.0673 5.4
89.861§ 5.4

106.8689 0.0

123.8762 5.4
89.8616§ 0.0

§.9390 6.0
23.9454 0.0

103.0008 5.0
18.0386 2.5
62.0049 3.0
62.0253 0.0
10.8100 0.0
87.6200 5.0

104.6274 5.0

137.3400 5.0

154.3474 5.0

114.1002 5.0
36.45610 0.0
58.4428 0.0
74.5550 0.0
98.0725 0.0

147.6294 0.0
79.90%0 4.0

152.8340 5.4

151.8200 0.0
54,5400 6.0
54.9400 9.0
90.3970 3.0

123.8540 0.0

161.3110 5.0
71.8480 5.0

105.5640 5.0
73.9400 5.0

151.0060 0.0

178.9560 0.0

113.95%0 5.0

118.3400 3.0

118.9400 5.0

133.6800 0.0
87.9480 5.0

9.7000 -13.033
20.1150 -15.228
13.2180 -9.500

30.3 =31.000
13.61 -9.113
=-55=



'KFECL
'KFECL]

LA B N I B B I B B B B R N B I I I I I . T T

2.0500
3.2150
12,4770
4.8700
21.1000
6.6750
0.0
90.2150
0.0
3.3000
3.3000
-2, 1770
26.5320
45.0650
=-25,5200
30.6200
25.8%50
17.5300
18.2060
67.8600
54.6840
49,1500
44.6800
60,3550
£4.7600
29.8200
14,4700
11,9050
0.0

[-T-F-]

.0
3.7200
=18.0000
15,7430
=2.8020
4.71
58,3730
0.9180

0000

~11,6000
~10.9190
-11,9250
2.25
«10.57
=8,2400
-17.0%
-8.4800
=-$.9290
-21.€170
12,3460
19.5530
-4 03“
~11.4100
~51.8000
=-8.3360
© 1.8200
2.3090
2.2100
=-9,2350
-9.2440
=28.1100
-36.2200
=16.8700
",2900
1 0.2900
2.8700
2.73%0
6.3520
-40.1000
=52.2900
=-37.8200
=20.57C3
=18.0000
-19.3300
=12,7000
«49.0500
-€3,5300
=40.3100
=36.9100
=32,8200
=45,2600
=-90.6100
=-85.3200
=32.7700
‘33 4100
-42.4300
-19.8600
0.0
0.0 .
0.0
-0.5480
‘=0,7950
=1.3110
0.1250
«10.96
=45.0000
1.5620

v -

e e 0 A < S ———— vescnm . et



-0.5720
13.9370
0.0
-3.5610
8.9110
0.0
1.12
2.25
2.7100
1.0770
4.5
1.1500
4.1100
3.5560
4.1200
1.4
0.0
.n .16
o.o
20.0000
2.5000
0.0
2.18
2.34
4.91
-65.4400
5.2990
12.1000
34.1570
"51.‘350
17.2250
19,6350
4.6150

»
&

& A
)
& On
88

[~ w
88 &

e o
~ooODuNOOWRODULWOGMOWLOOO

§
[<)

UU“OPOMO
a
o

a8
ga8
-1-13

3.4000

-0.1730
=-1.1130
-4.5310
10,329
1.2680
-0.2500
0.7200
0.3470
2.5300
1.0680
2,2380
1.4000
1.0950
J.2240
0.9400
9.030
18.700
33.00
7.0100
12.7500
17.0200
19.7200
3.02
4.92
1.987
40.6440
-§,9420
-12.9180
~20.7800
30.7410
-59.3500
-66.7500
=3.5230
-14.3000
-2.70
=3.0170
-4.0050
-18.708
-26.630
-34.638
-20.5700
=36.0000
-3,.5650
-‘-0070
§.3700
"‘60197
-6§3.1200
4.8850
-34.2400
-13-‘300
-34.9700
-29.7800
~30.5100
=-17.9700
-3.9150
2.7000
6.45%0
1.4080
6.5850
1.5130



4.8320
o.o
=187.0550

]
.

.
-3
(-]

OO&O?QOOO
ODYOOOO0OO0O

12,9900
10,3500
-0.4C0
0.228
6.1410
6.9500
=2,0300
90.0700
6.05
-5.789
-1.842
33,4570
13.3410
0.0
=15,4050
26,1400
0.0
‘25,7600
0.0

*
L]
.

[-Z-2-X-2-J
[-X-X-X-X-]

1.7000
=-0,3%60
0.0
176.6200
150,0200
$.22
0.0
«24.0250
=29.1800
0.0
- 0.0
-15-2‘50
-3001‘00
4.1000
20,0900
0.0
'1.0790
1.6
«17.6220
-7.1750
1.7100

0.2000
0.6400
119.0770
'30.9600
0.8200
0.6400
1.1100
«30.0
=30.0
-30.0
.3000
-~11,3850
=1.468
3.6000
-7.6130
«31.6100
«11,5200
-90271
«5.578
-9.978
-8,585
-26.4000
«69.5700
1.18
=-5.2110
-18.4000
=21.4950
=13.9520
-37,2120
-35.0600
-26.6200
-7.5830
=-25.5070
0.€070
0.0410
=0.3050
3.44%0
7.7620
0.8500
1,7080
0.05%0
1.7160
«127.8240
=118.4400
2.81
=34.4400
17.9380
15.8610
18.0910
17,5040
-0.6110
61.5400
=12.9120
«35.6440
=0.2380
-10053’0
2.5%
£.7600
$.5220
3.9740




17.3800
-40.0500
-5.7900
'15.4&0
-39.0600
2.1200
0.0

2.7100
23.1220
9.5220
3.8000
2.66%0
-5.7110
=23.3270
=12.93470
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MINERAL OR , :
NUMBER MINERAL NAMES SPECIES ABR. REACTION
1 —-— KFE +3 E’e+2 - Fe+3 +e ‘
2 . xrEm2  Pe'? 410 = Feon’’ + e 40 N
3 ——— KFEOM+  Fe'> + H,0 = reot + u* 2
4 —— KFEOOR  Fe'? 4 21,0 = PeOOH” + ' g
" L . o EENEN . . . ! . - (o
5 ——— KFESO4  Fa'’ + 50, = FeSo, + e o
6 — KFECL  Pe'2 + 1™ = Fec1* + &~ o
. . . . - ] - [
7 ——— KFECL2  Fe'? 4 201" = FeCll + o -
2 -
8 — KFRCL3 Pe'2 + 31 = PeC13 + € ol
o 42 o2 | 8
9 ——— KFESO "Fe = + sol' - Feso,. "
[
10 siderite SIDERITE 'FeCO, = ret? 4+ co_.','2 a
0 .
1 magnesite 'MAGNESIT MgCO, = Mg'2 + co;2 a
. 1)
12 dolomite  DOLOMITE - CaMg(C0,), = cat? + Mg*? + 2co:;2 3
o 8
13 calcite CALCITE  CaCO, = cat? + co;2 &
, - - + a
14 KHISIO R, S10, = 0,510, + H' p
' _ -2 . .+
15 — KI2SI0  H,5$10, = H,510,% + 21 5
16 — Kros B + POS° = HPO,2 =
) ) 1
+ 3
17 eme—- xizeos 2’ + PO,> = 1,PO;
18 anhydrite ANHYDRIT CaSO, = ca'? + soz2




-19-

19

20

21

22

23

24
25
26
27
28
29
30
31
32
33
34
35
36

37

gypsuia

brucite
chrysotile

aragonite

-----
-----
_____
- - —

forsterite
diopside

clinoenstatite

sepiolite

C

GYPSUM
BRUCLTE
CHRYSOTL
ARAGONIT

KMGF

' KCASO4

KMGOH
KH3BO3
KNH3
FORSTRIT
DIOPSIDE
CLENSTIT
KNAIIPO
TREMOLIT
KKHPO
KMGHPO
KCAHPO
KH2co3

SEPIALIT

2 -2

CaS0, *211,0 = Ca'” + 50,° + 2,0
Mg(OH) , = Mgt2 + 200°

o = 3mg*? + 21,510, + 6oH™

Mg,51,0,(OH), + 5H 4

32 2
+2 ~2

08003 Ca‘ + CO3

H3+2 +F = HgF+

cat? + s0°2 = caso®

4 4
Hg+2 + O = Mgon”

+ -
H3B03 =H + H2303

+ +
NH, = NH, + H

R -
Mg,S10, + 4H,0 = 2Mg’ + 20,510, + 40u

Calgsi, 0, + 6H,0 = cat? + wg*? + 2,810, + 4on”

4510,
0 = Mg2t + H,510, + 200"

n*

MgSi0, + 3H,

+ ~2 -
Na + HPOk NaHPOA

+
CazHgSSIBOZZ(Oll)2 + 22"20 = 2Ca

k¥ + upo 2= xuro,

4 4
Mg*? + upozz= MgHPO,

Ca+2 + HP0;2= CaHPOZ

- +
HCO + H = €O (aq) + W0

(Ol1) +3H,0 + 4.511,0 = 2Mg

C

2 2, 8I,S10, + 1400

+ 5Mg' 510,

. 2 -
Mg,Si,0, ¢ + 31,510, + 4(0N)

4




38
39
40

41

42
43
44
45
46

-5

47
48
49
50
51
52
53
54
55

56

tale

hydrumagnesite

adularia
albite

anorthite

'analclme‘

muscovite
phlogopite
illice
kaolinite
halloysite
ﬁéidelliéé
chlorite
alunite
gibbaite

boehmite

pyrophyllite

. phillipsite

erionite

TALC

HYDMAG
Sy

ADULAR

ALBITE

ANORTH

ANALCH

KMICA

PHLOG

ILLITE

KAOLIN

HALLOY

BEIDEL

CHLOR

ALUNIT

GIBCRS

BOEHM
PYROPH
PHILIP

ERION

+2
\.ngs(coa),.(on)z lmzo = sug*? + 40072
FALS1,0 + 81,0 = Kt + AL(OM), + 3H,510

+ 4H,Si0, + 60H

' ' +2
Mg,51,0,(0N), + 101,0 = Mg 1,510,

3 + 200 + 41 0
Ot 47774
ﬂaAlSiaoa + 8H o= Na + AI(OH)4 + 31 5104 '
+2
CaAlzsizos + 8“20 Ca " + 2A1(0H)4 + 2H48104

s _
NaAlSlzoa H20 + SH 0= Na + Al(OH)a + 2H4$10

KAL,54,0,0(0R), + 120,0 = K + 3a1(om)], ,’ + 3,510, + 2u"
KMg,ALS1,0, (OH), + 10H,0 = kY + me*? 4 AL(OH), + 31,510, + 60H"

K.6Hg 25A12‘3813 5 1o(OH)z-HI 2H20 - .6K +. ZSMg +2 3A1(0“)4+3 SH SiO +1. 2H

Alzsi 0 (Oﬂ)‘ + M4 0 = 2A1(0“)4 + ZH 810 + ZH

(i

+ - +
(Na,l(,’glg). 33812, 33513 47010 (0 p+12H,0 = .33(Na,K,)g) "+2. 331 (OH)  +3. 67H, 510, +2H

4
MagAL,S1,0, (O, + 101,0 = sug*2 + 2AL(0M); + 3,510, + BON~
KAL3(50,), (om) ¢ = K* + 3a1*3 + 25072 + gon™
av(on , = a1+ + 300"
Atoon) + 1,0 = A" + 300
AL)51,0,,(0M), + 12H)0 = 2AL(0H), + 4H,S10, + 2u"
Na (K  ALS1,0,-H,0 + 7H,0 = 0.5Na" + 0.5k" + AL(OH), + 3H,S10,

NaAlSi3 5 9 3“ 0+ 6“ 0= Na + AI(OH)A + 3.51 8104
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58
59
60
61
62
63
64
65
66
67
68

69

70

71
72
73
74

75

clinoptilblite
mordenite
nahcolite
trona
natron
therwmonatrite
fluorite
Ca-montwmorillonite
halite
thenardite
mirabilite

wackinawite

CLINOP
MORDEN
NANCOL
TRONA
NATRON
THRNAT
FLUOR
MONTCA
HALITE
THENAR
MIRABL
MACKIT
KICO3
KNACO3J
KNAHCO3
KNASO4
KKS04
KMGCO3

KMGHCO3

20 + 8.5"2

0= (Na,K)¥ + AL(OW), + 4.5

(K,Na)Alsi 0

+ -
501 0 = (K,Na) + Al(OH)4 + 5H4$10

2‘3.5“ 4

31,0 + 8H 4510,

4.5%11 "3 2
\: + -
NalCO, = Na® + HCO]

o - -2
3‘N82003 2“20 = 3Na + HCO3 + 003 + 2“20

-2
3 + 101120

+, =2
2Na + CO3 + HZO

(Na,K)AlSi

NaliCo

+
Na 003 10H20 = 2Na + CO

2
Na,C0,°H,0 =
+2 -

Can = Ca =~ + 2F

+ 12,0 = a7cat? 4+ 2.33A1(0H); + 3.67H,5i0

Ca )ALy 33513 67910(0),
NaCl = Na@ + C1~

+ -2
Na,SO, = 2Na + SO,

+ -
N82$04 10H20 = 2Na + 804

Pes + WY = Fet + us”

CO-Z

2
+ 10H20

-+ -
3 + H -HC03

+ -2 -
Na' + €0, = NaCO,

+ - R
Na' + HCO, = NalCO3

+ -2 -
Na' + S0,° = NasSO,

+ -2 -
K +50,° = KSO,
+2

=2 L .
Mg~ + €O,° = MgCOj

Mgt? - MgHCO; ’

C

+ llCO3

4

+ o'
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77
78
79
80
81
82
83
84

85
86
87
88
89

90

91
92
93
94

+2 . -2

KMGS04 Mg ® + 50" = Mgso;;
KCAOH  Ca*? + on” = caon®
KeAnco3 cat? + uoo; = Catico} |
KcAcod ! cat? + co:"2 = caco}
RCAP+  ca*? + P caF'

kaon  A1*? + on” - aron*?
mmnz at3 4200 - Al(on);
KALOMN4 Alﬁ + 4OH = }u(on);
KALF at 4 F - a2

ka2 At 4 oF - AIF,
kawes a1t 4 o . AIFy

kaers A3 4 oap - AYF,
kaLsos  mt3 4 so;’2 - AlS0,
KAS042 atd s 250, = AL(50,);
kasos  H' + so‘;2 - 150,

KH2SC 50,7 + 10n* + 8e” = H,S + 41,0
KH2S HyS = H' + ns”

KHS ns~ = ut + 572

KOXY .SH,0 = .250, + W + e

LA SUN APt B bae B pou s SRR S———-

6 b Oasbte | s ra b .+




+8e +9u = cH

95 ———— KCH4 uco; 4, T 31,0
96  hydroxyapatite WYXAPT  Cag(PO,),(OH) + 3H,0 = sca’? + 3upo;2 + 4on”
97 fluorapatite  FLUAPT  Cag(P0,)4F + 3H,0 = sca*? + :nu'o;2 +300 +F
98 chalcedony CHALC 8102 + 2H20 = H48104
99  magadiite MAGADL  Na$1,0, ,(0H),"311,0 + K+ 91,0 = Na' + 78,510,
100  cristobalite  CRISTO 510, + 21,0 = H,Si0,
101 silica gel SILGEL  S10, + 2,0 = H,Si0,
102 quartz QUARTZ 510, + 21,0 = H,Si0,
_____ kFEou2  Fe'l + 21,0 = Fe(on);' + 21 +e”
crEous  Fe'l + 31,0 = Fe(OH)] + wt
KPEQIG  Fe'Z + 4H,0 = Fe(OW), + aite e
KFEOU2  Fe'l + 2,0 = Fe(ou)‘z’ +2ut
. VIVIAN  Pey(PO,),8ii,0 = e’ + 29023 + 8H,0
‘:‘iu- HAGIET  Fe.0, + 8i' = 3Fe™ + 41,0 + &
.I‘NW PRI 34 2
L UHBATI Pe,0y + ou* = 2ve™ + 31,0
MAGHEN  Fa,0, + ot = 2re™? + 3m0
Mte ' GOETH  FaO(OW) + 1,0 = ret + 300”
112 gucs;;lito CREENA  Pe,S1,0,(0i), + 51,0 = wre'? + 21,810, + 60U

113 ( ‘rphous Fe(Oll), FEOU3A  Fe(O), + w* = Fet3 + 3{0




114
115

116

117

118

119
120
121
122
123
124

125
126
127
128
129
130

131

132

C

annite
pyrité

montmorillonite

modtmorillonite

huntite
greigite
amorphous FeS

Laumontite

- e s o= S sy
——— > o o e —

v essess e s e

ANNITE
PYRITE

MONTBF

MONTAB .

HURTITE
GREGITE
FESPPT
KFEH2P

- RCAPO4

KCAR2P
KMGP04

KMGH2P
KLIOH
KL1S04
KNHAR
LAUMON
KSROH

KBAOH

KNH4S0

C

- + +2 -
x333A1s13010(0H)2 + 1000 = K" + 3Fe  + AL(OW), + 3H

FeS, + 2T + 2¢” = Fet2 4+ 2us™

2

W
(1,Ra,K)g: 2180, 2070 23A1) . 58513 93010 (0H) , + 10.04H

Si0, + 6OH ™

47774

0"

0.28(1,8a,K) T + 0.29Mg%2 + 0.23Fe?3 + 1.58 AL(on),,

+3.93 HasiOA s

+ :
(1,82,K) ¢ 4280 45F€0. 34A11 . 47513 82010 (0W), + 9.16H
=0.42(H,Na,K) %0.45Mg"2 + 0.34Fe*? + 1.47A1(0H), + 3.82 H

+2 .42 -2

Cag,(C0,), = mg*? + ca*? + 4co]
Pe,S, + i’ + 2e7 = Iret? + 4us”
Pes + ' =~ Fe'? 4 ns”

-42 - +
Pe'? + HPO, = Fell,PO,
cat? 4 P0;3 = CaPo,

+2 - +
Ca'’ + H,PO; = CaH,PO,
ugt? +-po’,;3 = HgPO,
Mg'? + B POT = Man.PO'

P, 270,
Li" + OH™ = Lion®
u*«*so;2 ~ Li50,
NO, + 1o’ + e = Nﬂz + 31,0

. e -

c“:;zs‘zﬁlz 48,0 : 81,0 = ca*? + 2a1(0n)] + 4H,S10,
st 4 on” = sron

Ba*Z & on~ = paon’

+ ‘2 -
NHI‘ + SOI’ = NHI’SOI'

X Y . R R T

2

9+ 0.84u4"

4

4




133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

150

-----
_____
-----
-----
—————
-----
_____

amorphous Al(OH)3
prehnite
strontianite
celestite
barite
wvitherite
strengite
leonhardite

nesquehonite

151 (:- ~tinite

KHCL
KNACL
KKCL
KH2504
KO2SATO

KCOo2

KFEHPO
KFENP+
ALOH3A
PREHNT
STRONT
CELEST
BARITE
WITHERIT
STRENGIT

LEON

KSRIICO3

NESQUE

ARTIN

i+ c” = ncre

Na® + €1” = NaC1®

¥+ a1 = ker®

+ -2 o
20 + SO4 stoa
+ -

0.5320 0.2502(aq) +H +e

*x
C0y(gy + 11,0 = HyCO,

+2 -2 _ .
Fe'~ + HPO,” = FellPO}

re*? + upo;2 - FeHPOZ +e

AL(ON) , = atd 4 son”

+

272
+2 -2
SrCO3 = St + co3

+2 -2
s:soa Sr ~ + So4
+2 -
BaSOa Ba ~ + 804
+2 -
BaCO3 Ba  + 003

FeP04°2H2

2
2

0=retd + Po;3 + 21,0

.Ca,Al,S1.0

= 2Ca+2 Si0

+ 2Al(0H); + 31,50,

+2 -
JA1,S140,,°7TH,0 + 17H,0 = 2Ca ~ + 4AL(ON), + 8H, 510,

st 4 HCo = Sriico,*
2 ° -2
+ €037 + 31,0

42 -2
Mg, (0I1) ,C0, 31,0 = 24g' -+

( CO3

+
MgC0,+31,0 = Mg

+ 200 + 31,0




- 89-

| | | .
152 ———— K02AQ o..snzo = 0.250,(aq) + H +e ef: f(,,,,, B, ”9
153 S K 1R,0 - ut+ on”

154 seplolite  SEP PT Mg 51,0, S(0H).3M,0 + 4.51,0 = Mgt2 + 3m, 510, + 400"
eplol 251307 5 2 2 4510,

155 diaspore DIASP AL00H + A0 = a3 4 oaon”

156 vairakite  VAIBKT  CaAl,S$1,0,,.7H,0 + 10H,0 = Ca'~ + 241(0H); + AH,S10,

: ' ‘ o +2 - +2 , -

157 — KPEHP2  Fe'’ + H,PO, = FPell,P0,” + e

158 N LETY MntZ = M’ 4o

159 — KNCLE  Mn'2 + C1” = Mnc2t

BT J— RNCL2  Mn'Z 4 2017 = MnCLD

161 —_— RMCL3-  Mn'Z + 3C17 = MnC1]
162 . —— RMOR+  Mn'Z + OH = MnoH'
163 — RN(OR)3  Ma'2 4 3007 = Mn(oH);
164 —_— KNP+ Mn'2 4 P 4+ e
165 — KMNSO4  Mn'Z + SO, = MnSOJ

» +2 ]
166 — KOM03,2  Mn'Z + 2N0; = Mn(NO,)5
167 —— KMNHCO3+ Mn'2 + HCO, = Hnuco‘;

s e TETm SISt S mm e oA B e R
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168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

manganoslite

pyrolusite
§, birnessite
nsutite

bixbyite
hausmanite
pyrochrosite
Ma(0H) ,
wmanganite

rhodochrosite

KMNO4-
KMNO4——

KSRCO3

KHMNO2—
MANGANO
PYROLUST
BIRNSITE
NUSTITE
BIXBYITE
HAUSMITE
MNOH2
MNOH3
MANGANIT

RHODOCHR

KSRSO,

Mat2 + 4,0 = Hn0 + gut + se”

Mat2 + 4H0 = MaO, + BU' + 4e

2 4

:
2+ 2- o
s + CO3 = SrCO3

+2 -

MatZ + 2,0 = HMaO, + ut

2 + H,0

MoO + 28" = Ma® )

Ma0, + it + e =Mt + 24,0

Ma0, + it + e =M+ 2H,0

M0, + art + e = Mot = 2M,0

Mn,0, + ent = 2a*3

3 + 3H20

+ - +2
Mn,0, + BH' + 2¢7 = 3Mn" + 4H0

2

Ma(0H), = Mat? + 200

3

Ma(oll) , = Mat3 + 30H

k)

MaoOH + 34" = Ma'® = 21,0

+2 =
MaCO, = Mn'~ + CO,

2+
St + 8042~ = Sr504°
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184

185

186

187

188

189
190

-0/-

191

192

193

202280 OwD

MnCl MNCL2

2

MnC1,.H,0 MNCL2,IW

MnC1,.21,0 MNCL2, 2W

MnCl,.4H,0 MRCL2, 4W

tephroite TEPHRITE
rhodonite. RHODONIT.

MnS(green) MNS GRN

MnSO 4 MNSO 4
Mn, (50,)3 MN2504, 3
Mn,(P0,), MN3PO4, 2
HnHPOA . MNHPO4

e & e ee~-—rarn

2

MnCl, = M2+ 201"
MnCl,.H.0 = Mn'2 + 21 + H.0
2°72 . 2
MnCl,.21.0 = Mn'2 + 2¢1” + 21.0
24y 2
+2 -
MnCl,* 4R,0 = Mn'~ + 2C17 + 4H,0
+ +2
Mn,S10, + 4H' = 240’ + M 510,
+ +2 ‘
Mn$10, + 21" + 0,0 = Mn*” + 1 s10,
MnS + H = Mn'2 + g~
+2 -2
MnS0, = Mn'” + SO,
Mn,(S0,), = 24n*3 + 35072
2(504)4 A
+2 -3
Mny(PO,), = Mn'* + 2P0,
MnltPO, = Mn'2 4 m’o;2

—

L Ttemy




