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ABSTRACT

PHRQINPT is a FORTRAN 77 program that facilitates formulation
of the input data file to PHREEQE (Parkhurst, Thorstenson, and
Plummer, 1980). PHRQINPT runs interactively and contains many
features to help the user construct the input data set. This
report describes these features and gives instructions on the use
and implementation of PHRQINPT. A listing of the program and the
two accompanying data sets are given in the Attachments, along
with two examples.

INTRODUCTION

After publication of the program PHREEQE (Parkhurst, Thorstenson,
and Plummer, 1980)*, it became apparent that construction of the
input file to PHREEQE is often tedious and subject to user error.
With this in mind, PHRQINPT was written to relieve these problems.

GENERAL FEATURES

PHRQINPT, written in Prime Fortran 77, interactively asks the
user at the terminal for values of variables required by PHREEQE
(Attachment A describes the input required by PHREEQE as given by
Parkhurst, Thorstenson, and Plummer, 1980), explains the meaning and
significance of each variable when required, and internally checks
to make sure that values entered are valid. In some cases, PHRQINPT
automatically assigns values to certain variables, based on values
previously entered, and keeps track of additional required informa-
tion. PHRQINPT contains an editor which allows the user to correct
mistakes after each line has been completed.

*For the reader unfamiliar with PHREEQE, this FORTRAN 77 code is
capable of simulating the outcome of real or hypothetical chemical
reactions (both reversible and irreversible) under a wide variety
of physico-chemical conditions of interest in the earth sciences.



Two data files are used by PHRQINPT. One is a table of pre-
constructed MINERALS input cards from which the user may select by
mineral number listed on the screen. This mineral list may be
displayed using the command LIST during MINERALS input. The other
file read by PHRQINPT is the thermodynamic data file of PHREEQE,
which provides a list of master species, master elements, their
charges and appropriate index numbers. In addition to these two
files, the user also can specify an optional reference file.

The optional reference file contains an existing PHREEQE input
data set that the user may copy and/or modify through PHRQINPT
and then write the updated PHREEQE input data set to a different
file.

HOW TO USE PHRQINPT

This program was written so that the user should be able to
run it with no outside information other than knowledge of the
desired geochemical simulation. Basic understanding of the program
PHREEQE is helpful, though not necessary. The interested reader
is referred to several recent reports (Parkhurst, Thorstenson,
Plummer, 1980; Plummer, Parkhurst, and Thorstenson, 1983). For
those who are running this program for the first time, the follow-
ing information should be helpful:

The program will recognize commands in either upper or lower
case.

All input values are free-formated. Therefore, numbers do
not need to be right justified.

All files are opened within the program. The program will
first ask for the output file name and name of a reference file.
This reference file name, if given, must be the name of an existing
data file previously coded to be read by PHREEQE. The reference
file may contain more than one simulation. If one does not wish
to use a reference file, simply enter a carriage return.

Caution: When copying directly from a reference file, the
program assumes that the reference file is correct
and does not check the values of variables.



Help messages are automatically printed whenever the value
entered is of the wrong format, not within the correct range, or a
'?' is entered. In addition to the help messages, a list of pre-
constructed minerals and a list of master elements/species is
available at certain locations within the program, which are indi-
cated in the help messages.

The program PHRQINPT stores all values in memory, and does not
write them into the output file until the end of the session.
Because of this, the PHREEQE data blocks (cf. Attachment A) SOLUTION,
ELEMENTS, SPECIES, MINERALS, LOOK MIN, and SUMS can be called more
than once. New entries are simply attached to the end of the
block. The program also keeps track of entries to make sure that
there is no duplication; and recognizes for every master species
entered, a master element must also be entered.

At the completion of each card, the user is asked (answer Yes,
Y; No, N) whether the values on the card are satisfactory. If the
user answers Yes, all values on that card are assumed completely
correct and may no longer be changed in the current session. If
the user answers No, the program goes into the correction mode by
reprinting the values one at a time and asks the user for correct
values. Previously correct values are retained by keying a
carriage return, after each value appears on the system.

The last keyword command required by PHREEQE is END. If the
user entered 'END' and has not entered all required information, the
program will inform the user of this fact and will list the re-
maining required keywords. Until these are entered, the program
can not be exited normally.

The order that keyword data blocks are entered is not necessar-
ily the order that is printed in the output file. Instead, PHRQINPT
writes the data blocks to the output file in the order preferred
for PHREEQE.

If one accidentally entered a wrong keyword, that keyword data
block can be aborted by entering 'exit' during the first question
of that keyword block.

During modification of an existing reference file, the user may
choose to keep, delete, or modify keyword data blocks as they appear
on the screen. Extra data blocks may be inserted by answering
delete when PHRQINPT recalls the 'END' card from the reference file.



If one does so, the program at this point then behaves as if there
were no reference file at all and will ask the user for the name of
a keyword.

At the conclusion of each simulation, the user has several
options: (1) stop, (2) continue with the next simulation on the
optional reference file (if it exists), (3) define a new reference
file, (4) define the previous output as the new reference, or (5)
just continue on entering values without a reference file. All
further input to PHRQINPT will be appended to the same output file
during a single session.

As examples of the use of PHRQINPT, Attachment B is a record
of an interactive terminal session in which a PHREEQE input data
set was constructed a priori. Attachment C records a session in
which the previously constructed data set of Attachment B is
modified. Attachment D contains a listing of the PHRQINPT source
code and Attachments E and F list the data files required by
PHREEQE.

ADAPTING PHRQINPT TO OTHER SYSTEMS

The program is written in Prime Fortran 772. 1In transporting
the program to another computer, several changes may be required:

Logical file #1, which is assigned to the terminal during
input/output, may need to be changed.

Open statements may need to be changed to adapt to the differ-
ent convention of file naming.

Internal reads, "read (STRING, . . .)", may or may not be sup-
ported. Buffer-In statements can be substituted.

Long format statements may need to be broken down into several
shorter ones.

2 Mention of brand name in this report is for identification

purposes only and does not constitute endorsement by the
U.S. Geological Survey.



Because of the unusually large number of dynamic variables in
the program, procedures may be needed to ensure that it will run
properly. On the Prime computer, this problem can be avoided by
compiling PHRQINPT with the -save option, making the variables
static. Because many of the variables are used in CALL statements,
they should not be placed in COMMON.

REFERENCES

Parkhurst, D. L., Thorstenson, D. C., and Plummer, L. N., 1980,
PHREEQE—-A computer program for geochemical calculations:
U.S. Geological Survey Water—Resources Investigations 80-96,
210 p., National Technical Information Services Report
PB 81-167 801, Springfield, VA 22161.

Plummer, L. N., Parkhurst, D. L., and Thorstenson, D. C., 1983,
Development of reaction models for ground-water systems:
Geochimica et Cosmochimica Acta, v. 47, p. 665-686.



Attachment A. - Description of input variables
to PHREEQE

(From Parkhurst, Thorstenson, and Plummer, 1980)




DESCRIPTION OF INPUT

PHREEQE is designed to perform a sequence of simulations in a
single computer run. Each simulation consists of two separate problems:

1. Process an initial solution or solutions and

2. Model a reaction (starting from the initial solution(s)).

Many pathways for a simulation are accessable with a card input data deck;
that is, no program modification should be necessary. Required input
begins with a title card followed by an option card. Depending on the
options selected, additional data are supplied using various "Keyword"
data blocks. A data block consists of a Keyword card followed by appro-
priate data. The Keyword informs the program of the type and format of
the data to follow. ELEMENTS and SPECIES, if they are used, should be
the first two data blocks while the other keyword blocks may follow in
any order. The keyword END denotes the end of the input data and is
required once for each simulation. After the calculations for one simu-
lation are completed, the program starts the data input process again,
beginning with a new title and option card.

The general types of reactions that can be simulated are as follows:
1. Mixing of two solutions.

2., Titrating one solution with a second solution.

3. Adding or subtracting a net stoichiometric reaction
(changing total concentrations of elements in proportion
to a given stoichiometry).

4., Adding a net stoichiometric reaction until the phase
boundary of a specified mineral is reached.

5. Equilibrating with mineral phases (mineral equilibrium
can be specified with reaction types 1, 2, 3, 4, or 6 as
well). Any condition which can be written in the form

1 = .
og (Kp) ? bp,i log (ai),
i
where
a, is activity of the ith aqueous species,

bp,i is the stoichiometric coefficient of the



ith aqueous species in the pth

phase, and

Kp is the equilibrium constant for the
pth phase,

is considered a mineral phase. This definition of
mineral equilibrium includes the following:

a., Maintaining the aqueous phase in equilibrium with
one or more minerals, such as calcite, Fe(OH)3, or
gypsum;

b. Equilibration of a mineral-water system with a gas
(CO0y, CHy, H3S);

c. Apparent ion exchange in the sense that a ratio
of two aqueous ion activities is kept constant.

Any combination of the above can be included in the
MINERALS keyword input provided the Gibbs Phase Rule
is not violated.

6. Changing temperature.

These six types of reaction (processes) may be used in various combin-
ations. For example, one could add a net stoichiometric reaction to a
starting solution while maintaining mineral equilibrium and increasing
temperature.

In each type of reaction, an initial solution must be specified.
There are three ways to provide a starting solution for a reaction.
(1) The total concentrations of elements (and other necessary information
such as pH, and temperature) may be input using the SOLUTION n keyword.
n is either 1 or 2 and indicates the number of the array where the solu-
tion data will be stored. Any stoichiometric reaction or simple mineral
equilibration is performed on solution number 1 alone. Solution number 2
is required only for mixing and titrating. (2) The second method of
providing a starting solution for a reaction is to save the final solu-
tion from the reaction step of the previous simulation (provided more
than one simulation is made in a run). IOPT(7) is used to specify the
solution number into which the final solution will be saved. In the
subsequent simulation no new solution should be read into that solution
number. (3) Finally, if no reaction solution is saved and no new solu-
tions are input, the solutions from the previous simulation remain in
memory. Thus, a solution can be input once but can be used as the
starting solution for several simulations.



One of the principle applications of PHREEQE is intended to be
simulation of reactions based on observed water analyses, which will
generally show an apparent electrical imbalance as a result of analyt-
ical errors. Because we use the electrical neutrality criterion in
solving for pH, it is important to consider this apparent charge
imbalance. Various options are available to achieve charge balance
or to maintain a charge imbalance in the computations. Care should be
taken in choosing the appropriate option and interpreting the results.
Only perfect chemical analyses would produce electrical neutrality in
an initial solution. Lacking these, the solution may be left electri-
cally unbalanced by setting IOPT(2) = 0. When a reaction is modeled
the final calculated solution will have the same electrical imbalance
as the initial solution. If IOPT(2) = 1, the pH of the initial solution
will be adjusted to produce electrical neutrality in that solution. It
may be that the pH of the initial solution is well known and it is
more reasonable to add relatively inert iomns like K* or C1” to balance
the solution electrically. In this case set IOPT(2) = 2, and use the
keyword NEUTRAL and associated input to specify K and Cl. The amount
of Cl or K added will be listed in the output. One final alternative
is to attribute the charge error to the most suspect analysis, e.g.
carbon or sodium, or to a constituent known to be present for which
one has no analytical data. Again, set IOPT(2) = 2 and use the NEUTRAL
input., Lack of charge balance is a meaningful clue to the errors in
analyses and a large error probably makes a solution unsuitable for
reaction simulation. By using the various options of the program, one
can investigate the significance of analytical errors and their effects
on reaction simulations. (Detailed test problems and examples for
using PHREEQE are given in the section Test Problems.)

In the following description of the card input, the Fortran format
for each card is given. Any Fortran manual will provide a complete ex-
planation of the symbols used in format statements. Briefly, A indicates
an alphanumeric character field, I an integer field, F floating point, E
single precision exponential, D double precision exponential, and X
indicates spaces. The first number following A, I, D, E, or F defines
the length of the field, or the number of columns on the card reserved
for the field. All integers must be right justified in their fields.
All exponential fields, when including an exponent, must be right justi-
fied. For floating point and exponential fields, it is suggested that
the decimal point always be included. A number preceding a letter is
the repeat counter and indicates the number of times the field occurs
consecutively on the card. Similarly a number directly preceding a
parenthesis indicates the number of times the formats contained within
the parentheses are repeated as a group. Any blanks in I, F, E, or
D fields are considered to be zeros.



A, Title and option cards.

1. TITLE CARD TITLE
FORMAT (20A4)
Eighty characters of titles or comments.

2. OPTION CARD (IOPT(I), I = 1,9), NSTEPS, NCOMPS, VO
FORMAT (9I1, 1X, 2I2, 6X, F10.5)

I0PT(1)

0, No print of thermodynamic data or coefficients
of aqueous species.

= 1, Print the aqueous model data (which are stored
on disk) once during the entire computer run.

I0PT(2)

1}
o
M

Initial solutions are not to be charge balanced.
Reaction solutions maintain the initial charge
imbalance.

= 1, pH is adjusted in initial solution(s) to
obtain charge balance.

= 2, The total concentration of one of the elements
(except H or 0) is adjusted to obtain electrical
balance. NEUTRAL input is required.

IOPT(3)

Il
o
M

No reactions are modeled. Only the initial
solutions are solved.

= 1, Solution 1 is mixed (a hypothetical constant
volume process) with solution 2 in specified
reaction steps. STEPS input and a value for
NSTEPS are required. MINERALS input may be
included.

= 2, Solution 1 is titrated with solution 2 in speci-
fied reaction steps. STEPS input, a value for
NSTEPS, and a value for VO are required.
MINERALS input may be included.

= 3, A stoichiometric reaction is added in specified
reaction steps. REACTION input, STEPS input,
a value for NSTEPS, and a value for NCOMPS are
required. MINERALS input may be included.

= 4, A net stoichiometric reaction is added in NSTEPS
equal increments. REACTION input, STEPS input,

-10-



IOPT(4)

IOPT(5)

a value for NSTEPS, and a value for NCOMPS are
required. MINERALS input may be included. Only
one value for the total reaction is read in
STEPS.

Solution number 1 is equilibrated with mineral
phases only. No other reaction is performed.
MINERALS input is required.

A reaction is added to solution 1 until equil-
ibrium is attained with the first phase in
MINERALS input (equilibrium with other MINERALS
phases is maintained throughout the reaction).
REACTION input, a value for NCOMPS, and MINERALS
input are required. No STEPS input is required.
Note: there should be a common element in the
reaction and the first phase in MINERALS input.

The temperature of the reaction solution is

(a) the same as the initial solution if adding
a reaction, or (b) calculated linearly from the
end members if mixing or titrating. No TEMP
input required.

The temperature is constant during the reaction
steps and differs from that of the initial sol-
ution(s). One value is read in the TEMP input.

The temperature is varied from T, to Tg¢ in
NSTEPS equal increments during the reaction
steps. A value for NSTEPS and two values of
temperature, T, and T¢, (in order) are required
in the TEMP input, where T, is the initial temp-
erature and T¢ is the final temperature.

The temperature of each reaction step is spec-—
ified in TEMP input, in order. NSTEPS values
are read.

The pe from the initial solution is held con-
stant during all the reaction steps for the

simulation.

The pe of the reaction solution is determined
by the reaction.

-11-



IOPT(6) = O,

IOPT(7)

IOPT(8)

IOPT(9)

NSTEPS

ae

b.

Activity coefficients are calculated as follows:

the WATEQ Debye-Hiickel formula is used for all
species with GFLAG = 1 (see SPECIES input below),

the Davies formula is used for all species with
no ion size parameter (DHA = 0, see SPECIES
input),

the extended Debye-Hiickel formula is used for
all species with an ion size parameter (DHA 0).

Activity coefficients are calculated as follows:

the WATEQ Debye-Hiickel formula is used for all
species with GFLAG = 1.

the Davies formula is used for all other species.

Do not save the aqueous phase composition at
the end of a reaction for additional simu-
lations.

Save the final reaction solution in solution
number 1.

Save the final reaction solution in solution
number 2.

The debugging print routine is not called.

A long printout is output at each iteration in
each problem. This print is to be used only
if there are convergence problems with the
program. (See Subroutine PBUG.)

No printout of each array to be solved.

A long printout occurs of the entire array to
be solved at each iteration. This print is
used only if there are convergence problems.
(See Subroutine SLNQ.)

The number of reaction steps. A value is

required if IOPT(3) =1, 2, 3, or 4, or if
IOPT(4) = 2 or 3. (Right justified.)

-12-



NCOMPS The number of constituents in a net stoichio-
metric reaction. A constituent may be any
element with an index number between 4 and
30 inclusive. No aqueous species with index
numbers greater than 30 may be included as
reaction constituents except Hg and Op. Any
constituent with an index number greater than
30 is assumed to be either Hy or Oy and has
the effect of raising or lowering the redox
state of the solution depending on the as-
signed valence (THMEAN). A value for NCOMPS
is required if IOPT(3) = 3, 4, or 6. (Right
justified.)

VO The initial volume of solution number 1 when
modeling a titration. The unit of VO must
be the same as that of XSTEP (see STEPS input
below) if IOPT(3) = 2. Otherwise, VO is not
required.

Keyword data blocks. Blocks are preceded by a keyword card. The
keywords are numbered and underlined in the following text. Each
keyword must begin in the first column of the card. The appropriate
cards, which are lettered in the text, must follow in order directly
after the keyword.

1. ELEMENTS FORMAT (A8)
This input defines the names and indices of all
elements in the aqueous model data base. One
card l.a is read for each element. The index
numbers of the elements do not need to be consec—
utive or sequential. This input block must be
terminated with one blank card. Generally these
data will be part of the aqueous model stored on
disk and read by the program at the beginning of
each run. Only changes to the data base need to
be in the input card deck.

l.a. TNAME, NELT, TGFW
FORMAT (A8,2X,I2,3X,F10.0)

TNAME Alphanumeric name of element.

NELT Index number assigned to the element. Number
must be between 4 and 30, inclusive. (Right
justified.)

_13_



2.

1.b.

2.a.

2.b.

TGFW

Gram formula weight of the species used to
report the analytical data. If solution data
is to include alkalinity, TGFW for the element
carbon must be the equivalent weight of the
reported alkalinity species. TGFW is not used
if the concentrations are entered as molality
(IUNITS = 0 in SOLUTION input card 3.b).

Blank card.

SPECIES

I

FORMAT (A8)

This input defines the names, index numbers and
composition of all aqueous species in the aqueous
model data base. Cards 2.a, 2.b, 2.c, and 2.d are
read for each species. The index numbers for the
species do not need to be sequential or consecutive.
This input block must be terminated with one blank
card. To eliminate a species (already in the
PHREEQE data array) from the aqueous model only
card 2.a followed by a blank card 2.b must be
entered. More species changes could then follow

or a second blank card would terminate this input
block. All species must have association reactions
which contain only master species (species numbers
less than or equal to 30; see discussion in sec-
tion, Equilibrium Equations). Reactions containing
non-master species must be converted to master
species reactions and the appropriate association
constants must be calculated before they can be
entered into the program. These data are generally
stored in the disk file which is read by the program
at the beginning of each run and retained for the
entire run. Only changes and additions would appear
in the input card deck.

FORMAT (I3)

I

The index number assigned to the aqueous species.
Numbers 4 through 30 are reserved for master
species. 250 is the maximum index number for

an aqueous species. (Right justified.)

SNAME, NSP, KFLAG,GFLAG, ZSP, THSP, DHA, ADHSP(1l),
ADHSP(2), ALKSP

FORMAT (A8,2X,13,211,6F10.3)

Three different formulations are available for the
activity coefficient expression.

-14—



Three different formulations are available for the
activity coefficient expression.

i) Extended Debye-Hiuckel,

ii) WATEQ Debye-Hiickel

Log i + byI

1+8B ai\/I
iii) Davies
2 VI
Log 73 = -Azy | ———— - 0.31)
1+ VI >

where A and B in all three equations are constants
depending on the dielectric constant of the solvent
and the temperature (Robinson and Stokes, 1970).

SNAME Alphanumeric species name.

NSP The total number of master species in the
association reaction that forms this species;
do not count the species itself unless the
species is a master species. (Right justi-

fied.)

KFLAG = 0, The Van't Hoff expression is used to calcu-
late temperature dependence of the association
constant for this species.

= 1, An analytical expression is used to calcu-
late temperature dependence of the association
constant. Values for ASP are required on card
2.c.
GFLAG = 0, The extended Debye-Hiickel or Davies expres—

sion (according to IOPT(6)) is used to calculate
the activity coefficient for this species if
DHA >0 (see below). If DHA = 0 and GFLAG = O,
the Davies equation is always used regardless

of IOPT(6).

-15-



= 1, The WATEQ Debye-Hickel expression is used
to calculate the activity coefficient of this
species regardless of the value of IOPT(6).

ZSP The charge on this aqueous species.

THSP The sum of the OPV's of the redox species
in this species. (e.g. FeSOZ has
a THSP = 2 + 6 = 8.)

DHA The extended Debye-Hiickel ag term. If this
parameter is zero and GFLAG = 0 then the Davies
equation is used to calculate the activity co-
efficient for this species.

ADHSP(1) The a; term for the WATEQ Debye-Hiickel expression.

ADHSP(2) The by term for the WATEQ Debye-Hiickel expression.

ALKSP The alkalinity assigned to this aqueous species.
(See discussion in Numerical Methods section.)

LKTOSP,DHSP,(ASP(I),I = 1,5)

FORMAT (2F10.3,5E12.5)

Constants used to evaluate the association constant as

a function of temperature. The analytical expression has
the form:

2

2
T + A3/T + A4 " + A5/T

Log(K) = A, + A

1 2

where T is expressed in %K.

LKTOSP  Logjg of the mass action association constant
at 25°C (used in Van't Hoff equation).

DHSP Standard enthalpy of the association reaction at
25°C (AH®, in kcal/mole); used in the Van't Hoff
r

calculation of the temperature dependence of the
association reaction. Required if KFLAG = 0.

(A zero or blank will result in no temperature
variation in the association constant.)

ASP(1) Constant term in the analytical expression for

the association constant, (Al)' The array ASP
is used if KFLAG = 1.

_16_.



2.d-

2.e.

ASP(2) Coefficient of T®K in analytic expression, (4,).
ASP(3) Coefficient of 1/T in analytic expression, (A3).
ASP(4) Coefficient of 72 in analytic expression, (Aé)‘

ASP(5) Coefficient of 1/T2 in analytic expression, (A5).

or,

(Lsp(1), Csp(I), I = 1, NSP)
FORMAT 6(I3,F7.3)
List of master species numbers and their coefficients
in the mass action association reaction. NSP pairs
of values, LSP and CSP, are read. One and only one of
these cards is required for each species.
LSP(I) 1Index number of master species. (Right justi-
fied.)
CSP(I) Stoichiometric coefficient of master species
in this aqueous species.

For example, using the data base in Attachment A for
master species, the reactions below define variables as
shown:

ca?t + ut + CO§' = CaHCO? (species 77)
NSP =3
LSP(1) = 4, CSP(1) = 1.0; LSP(2) = 1, CSP(2) = 1.0;
LSP(3) = 15, CSP(3) = 1.0.

2- + - 2-
SO0, +8H +8 = s° + 4H20 (species 41)
2- - -

S0, + 8HY + 8e” - 4H,0 = s2
NSP =4
LSP(1) = 16, CSP(1) = 1.0; LSP(2) = 1, CSP(2) = 8.0;
LSP(3) = 2, CSP(3) = 8.0; LSP(4) = 3, CSP(4) = -4.0.
Blank card.

-17-



3.

3.a.

3lb.

SOLUTION n

HEAD

FORMAT (A8,1X,I1)

This input is used to define a starting solu-
tion. n can be either 1 or 2 and indicates
the solution number of the data following.
Cards 3.a and 3.b are required. Card 3.c is
not included if NTOTS = 0. There must be as
many card 3.c's as necessary to read NTOTS
total concentrations.

FORMAT (20A4)
Title or comments about the solution.

HEAD

Alphanumeric heading.

NTOTS, IALK, IUNITS, PH, PE, TEMP, SDENS
FORMAT (I2,13,12,3X,4F10.3)

NTOTS

TALK

The number of total concentrations to be
read from card 3.c input. For example, if
the starting solution is a MgCl, - NaHCO5
solution, NTOTS = 4 (for Mg, Cl, Na, and C).
(Right justified.)

Flag which indicates whether total carbon or
total alkalinity is to be input. (Right
justified.)

0 indicates the total concentration of carbon
(not alkalinity) is input in the units
specified by IUNITS (see below).

n  4<n<30, where n is the index number for

the element carbon, (in our data base n=15)
indicates total alkalinity is being entered.
If alkalinity is used (n>0), then IOPT(2)

can not be equal to 1. It is theoretically
impossible to use pH to achieve electrical
neutrality if the alkalinity is fixed.
ELEMENTS input may be required. The units of

alkalinity are specified by IUNITS (below)
and if IUNITS>0, the gram formula weight
(GFW) of the element carbon is critically
important. The GFW in the case of alkalinity
must be the gram equivalent weight (grams/
equivalent) of the chemical species in which
the alkalinity is reported. The following is
a list of species commonly used for reporting
alkalinity and their corresponding equivalent
weights:
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IUNITS

CaCO3  50.0446 g/eq

HCO3  61.0171 g/eq

cod™  30.0046 g/eq.

In our data base 44.010 is the GFW of carbon
which is suitable for entering carbon as
total CO,. This GFW must be changed via
ELEMENTS input 1f alkalinity is to be entered
as mg/l or ppm (IUNITS = 2 or 3). If IUNITS
= 0 alkalinity must be input as eq/kg H)O and
in this case the GFW need not be changed be-
cause no conversion of units is necessary.
For a discussion of the contribution of the
different aqueous species to the total alka-
linity see the Numerical Methods section.

Flag describing units of input concentrations
(right justified). The program makes all of
its calculations in terms of molality and any
other allowed concentration units (mmoles/1,
mg/1l, or ppm) must be converted to molality
before the calculations may begin. To make

the conversions it is necessary to know the
gram formula weight (GFW), in g/mole, of the
chemical formula in which elemental analyses
are reported. The GFW is an input parameter
under ELEMENTS input and must be in agreement
with the analytical units for each solution
data set. (If the units are molality, no
conversion is necessary and the GFW's are not
used.) Consider silicon as an example: Si is
commonly reported as ppm of Si0O9 but may also
be given as ppm H;4Si0,4. To convert ppm SiOp

to moles Si/kg HoO the GFW for silicon in the
ELEMENTS data must be 60.0843. For ppm H4SiO4
the GFW must be 96.1147. If the units of the
water analysis do not correspond to the GFW for
any element, the GFW must be changed using
ELEMENTS input or the data must be converted

by hand before input into the program. Values
of GFW used in the preliminary PHREEQE data base
are given in Table 1. Note: All elements must
have the same units. It is not possible to enter
mg/1l of one element and molality of another.
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= 0 Concentration of elements entered as molality
of each element, or for alkalinity, equiv-
alents/kg Hy0.

= 1 Concentration of elements entered as mmoles/1l
of each element, or for alkalinity, meq/l.

= 2 Concentration of elements entered as mg/l
of the species which has a gram formula
weight given in ELEMENTS input. (ELEMENTS
input may be required.) For alkalinity see
discussion under IALK above.

= 3 Concentration of elements entered as ppm
of the species which has a gram formula
weight given in ELEMENTS input. (ELEMENTS
input may be required.) For alkalinity see
discussion under IALK above.

PH The pH of the solution (the approximate pH
if IOPT(2) = 1). Required for all solutioms.

PE The pe of the solution. Required for all
solutions.

TEMP The temperature of the solution in ©Celsius.

SDENS The density of the solution. Required if
concentrations are input as mmoles/l, mg/l,
or ppm. If SDENS is omitted, 1.0 is assumed.

(LT(I), DTOT(I), I = 1, NTOTS)

FORMAT 5(I14,D11.3)

Total concentrations of elements. Five values of LT and
DTOT are read on each card. The card may be repeated in
order to enter all the elements desired. All data must
appear consecutively in the fields, no blanks or zeros
are allowed as values for LT. Omit this card if NTOTS
is zero, the case of pure water.

LT Index number of the element. (Right justified.)

DTOT Total concentration of the element in molality,
mmoles/1l, mg/l, or ppm according to IUNITS.
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4.

MINERALS

FORMAT (A8)

This input defines the phases which will be main-
tained at equilibrium with each of the reaction
solutions. Cards 4.a and 4.b are required for each
mineral. Card 4.c is optional for each mineral
depending on the value of MFLAG., Unlike SPECIES,
MINERALS may be defined in terms of any aqueous
species, not just the master species. The input
expression for the equilibrium constant must cor-
respond with the input mass action coefficients.
Mineral reactions are written as dissociation
reactions. MINERALS input must be terminated with
a blank card.

4.,a. MNAME, NMINO, THMIN, LKTOM, DHMIN, MFLAG,SIMIN
FORMAT (A8,2X,I2,3X,3F10.2,5X,11,9%,F10.3)
Constant parameters for this mineral.

MNAME Alphanumeric name of mineral.

NMINO Number of different species in the mineral

dissociation reaction (including Y, e”, and
Hy0). NMINO must be less than or equal to 10.
(Right justified.)

THMIN The sum of the OPV's of the species in the

mineral dissociation reaction.

For example,

FeS, = Fet + 2527 - 2e”

THMINPyrite = l(+2) + 2(-2) - 2(—1) = 0

Fe(OH); = Fe>' + 30H

THMINpe (0R), = 1(+3) + 3(0) = +3
cacoy = ca?t + co%”

THMINGico, = 1(0) + L(+4) = +

LKTOM Log of the equilibrium constant at 25°C for

the reaction.
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4.b.

DHMIN

MFLAG

SIMIN

o
AH, (kcal/mole) for the Van't Hoff expression.

0, The Van't Hoff expression is used to calcu-
late the temperature dependence of the equil-
ibrium constant.

1, The analytical expression is used to calcu-
late the temperature dependence of the equil-
ibrium constant. Card 4.c is required.

Saturation index (log(Ion Activity Product/KSp))
desired in the final solution. SIMIN = 0.0
would produce equilibrium with the mineral
while 1.0 would produce a solution 10 times
supersaturated (SI = 1.0). This variable is
useful in specifying the partial pressure of

a gas. The Henry's law constant for the gas
would be entered using the Van't Hoff constant
(LKTOM) or analytical expression (AMIN) and the
log of the partial pressure would be entered for
for SIMIN.

(LMIN(I), CMIN(I), I=1, NMINO)

FORMAT 5(14,F11.3)

List of species index numbers and stoichiometric co-
efficients in the dissociation reaction for this mineral.
NMINO pairs of numbers, LMIN and CMIN, are read. The
maximum value of NMINO is 10. If NMINO is greater than
5, a second card 4.b is required.

IMIN(I)

CMIN(I)

Index number of species (not necessarily master

species) in the dissociation reaction for this
mineral., (Right justified.)

Stoichiometric coefficient of species in
dissociation reaction.

For example, using the data for aqueous species
index numbers in Attachment A,

caco3 = ca’t + co§”
NMINO = 2
IMIN(1) = 4, CMIN(1) = 1.0;
IMIN(2) = 15, CMIN(2) = 1.0.
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ii. FeS, + 2¢” = Fe’t + 2527
or, _ _
FeS, = Fe’t + 28%7 - 2e
NMINO = 3
LMIN(1) = 8, CMIN(1) = 1.0;
LMIN(2) = 41, CMIN(2) = 2.0;
IMIN(3) = 2, CMIN(3) = -2.0.
s . _ 2+ 2-
iii. CaSO4 2H20 = Ca + SO4 + 2H20
NMINQ = 3
LMIN(1) = 4, CMIN(1) = 1.0;
IMIN(2) = 16, CMIN(2) = 1.0;
LMIN(3) = 3, CMIN(3) = 2.0.
iv. caZt - Nat ion exchange. (Assumes com-—

position of exchanger does not change.)

Na,(ex) + Ca2+ = Ca(ex) + 2Na*
or 2+
Naz(ex) - Ca(ex) = 2Nat - ca
NMINO = 2
LMIN(1) = 6, CMIN(1) = 2.0;
IMIN(2) = 4, CMIN(2) = -1.0.
a2 +
LKTOM = at exchange equilibrium.
aCaZ+
Ve Fix COp partial pressure.
CoZ(gas) + Ho0O = H2C03(aq)
or
CO2(gas) = H2C03(aq) — H20
NMINO = 2
IMIN(1) = 35, CMIN(1) = 1.0;
IMIN(2) = 3, CMIN(2) = ~1.0,

LKTOM = Henry's law constant for COjp,
SIMIN = Log PCO2 desired.
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S.

4,c. AMIN(I), I =1,5
FORMAT (5E12.5)
Equilibrium constant expression of the form:

2

Log(K) = Aj + Ay T + A3/T + A, T" + A5/T2,

for the mineral dissociation reaction where T is °K.
This card is used only if MFLAG = 1.

AMIN(1) Constant coefficient of analytical
expression, (Al above).

AMIN(2) Coefficient of T°K in analytical
expression, (Aj).

AMIN(3) Coefficient of 1/T in analytical
expression, (Aj),

AMIN(4) Coefficient of T?
expression, (Ay).

AMIN(5) Coefficient of 1/'1‘2 in analytical
expression, (As).

in analytical

4.d. Blank card.

LOOK MIN

FORMAT (A8)

The purpose of this input is simply to provide
information on the saturation state of the aqueous
phase with respect to desired minerals. The
minerals in this block of input do not affect the
calculations of the initial solution or any of the
reaction solutions. This input is never mandatory.
The Ion Activity Product (IAP) and saturation index
(SI = log (IAP/K)) of each of these minerals is
printed in the output following each solution des-
cription. Only the minerals which contain elements
present in the solution are printed. The input
following this card is identical to the input for
MINERALS (see above). This input must be termin-
ated with a blank card.

The list of "look minerals” is maintained for
the duration of the run and any new "look mineral”
is simply added to the list. If a "look mineral”
is added that has the identical 8 letter name as
another mineral in the list, the new mineral
replaces the old mineral. The word DELETE as a
mineral name will eliminate all of the minerals
in the list and new minerals may be added. Only
thirty nine "look minerals” are allowed. LOOK MIN
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6.

7.

TEMP

6.a.

STEPS

input is generally placed in the disk file which
is read at the beginning of each run. The input
card deck need only contain additions and changes
to that permanent list,

FORMAT (A8)

This input varies the temperature during the
reaction steps. It is required input if IOPT(4)
is greater than 0. Only one card 6.a is necessary
unless IOPT(4) = 3. In that case as many cards

as necessary to input NSTEPS values are required.

FORMAT (8F10.1)

XTEMP  Temperature in degrees Celsius.
If IOPT(4) = 1, one value of XTEMP is coded.

If IOPT(4) = 2, two values of XTEMP are
coded, T, and T¢ (in order).
If IOPT(4) = 3, NSTEPS values of XTEMP are
coded (no blank fields
permitted).
FORMAT (A8)

This input defines the steps of the reaction process.
The input has a different meaning depending on the
value of IOPT(3) (option card).

IOPT(3) 1, XSTEP is the fraction of solution 1
to be mixed with solution 2. NSTEPS

values are read.

IOPT(3)

1}
[\
-

XSTEP is the volume of solution 2 to
be titrated into solution 1. XSTEP
must have the same units as VO
(option card). NSTEPS values are
read.

I0PT(3)

It
w
-

XSTEP is the moles of reaction to be
added to solution 1. NSTEP values
are read.

IOPT(3)

I
~

Only one value of XSTEP is read.

XSTEP is the total number of moles
of reaction to be added in NSTEPS
steps. NSTEPS reaction solutions
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8.

7.a. XSTEP

will be calculated. The ItP solu-
tion will have I°XSTEP/NSTEPS moles
of reaction added to solution 1.

FORMAT (8F10.3)

REACTION

XSTEP Reaction increments as defined above.

FORMAT (A8)
This input describes the stoichiometry and valence
of the elements to be added as a reaction. STEPS
input (see above) defines the total number of moles
of this reaction to be added. The REACTION process
changes the total aqueous concentration of an element
by the stoichiometric coefficient (CREAC) times the
total moles of reaction (XSTEP). (However, the final
total concentration in the reaction solution may also
be altered by mass transfer to achieve equilibrium
with minerals specified in MINERALS input.) It is
necessary to consider the charge balance of the
reaction which is added. A charge imbalance by an
input error or by intent is equivalent to adding
acid or base. If the reaction is a simulation from
a known solution to another known solution it is
possible to add an inert electrical charge equal
to the difference in the charge imbalance between
the two solutions. Set LREAC(I) = 0, CREAC(I) =
charge imbalance (equivalents/kgHZO) and
THMEAN(I)=0.0. This will eliminate implicit addi-
tion of acid or base. Card 8.2 is repeated as
often as necessary to read NCOMPS (option card)
reaction constituents.

8.a. (LREAC(I), CREAC(I), THMEAN(I), I = 1,NCOMPS)
FORMAT 4(14,2F8.3)

This
Four

input defines a net stoichiometric reaction.
triples of numbers are read on each card.

Enough cards must be included to read NCOMPS triples
of numbers.

LREAC(I) Index number of element for the reaction.

LREAC must be between 4 and 30 inclusive.
If LREAC is greater than 30 the program
considers this constituent to be Hz or
09 and only uses CREAC and THMEAN (below)
to change the oxidation state of the
reaction solution. (Right justified.)
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CREAC(I) Stoichiometric coefficient of the element
in the reaction.

THMEAN(I) The OPV of the element in the reaction
(e.g. carbon as carbonate: THMEAN = +4;
carbon as methane: THMEAN = -4; ferrous
iron: +2; and ferric iron: +3). An element
may be included more than once in a reaction
to accomodate different valence states of
the element.

The variables which affect a reaction simulation are
IOPT(3), NSTEPS, and NCOMPS from the option card,
REACTION input and STEPS input. The following examples
use the species index numbers from Attachment A.

i. Gypsum is added to the initial solution in 5 equal
increments of 0.005 moles, to a total of .025 moles.
Calcite equilibrium is maintained in each of the
five steps.

IOPT(3) = 4 (net reaction added linearly).
NSTEPS = 5 (5 reaction steps).

NCOMPS = 2 (2 constituents, Ca and S).
LREAC(1) = 4, CREAC(1l) = 1.0, THMEAN(1l) = 0.0 (Ca),
LREAC(2) = 16, CREAC(2) = 1.0, THMEAN(2) = 6.0 (S).

MINERALS input, calcite.
XSTEP(1) = .025 (total moles of reaction to be added).

The total calcium at the completion of the first
reaction step is given by:

Ca = Ca + .005 + MIN .
tot tot(initial) calcite

ii. Suppose mass balance between two solutions shows
calcite, gypsum, and dolomite dissolving (+) and
precipitating (-) in proportions of -1:1.5:1.
The net reaction is written:

- 1Ca -1¢C Calcite

+ 1.5 Ca + 1.5 S Gypsum

+ 1Ca + 1Mg 2 C Dolomite
1.5Ca + 1 Mg +1C +1.58 NET

Three points along this possible gath are modeled
by (arbitrarily) adding 1074 , 1072, and 10"2 moles

of the net reaction.
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IOPT(3) = 3 (add net reaction in specified steps).
NSTEPS = 3 (number of steps).

NCOMPS = 4 (number of constituents in the reaction).
LREAC(1) = 4, CREAC(1) = 1.5, THMEAN(1) = 0.0 (Ca);
LREAC(2) = 5, CREAC(2) = 1.0, THMEAN(2) = 0.0 (Mg);
LREAC(3) = 15, CREAC(3) = 1.0, THMEAN(3) = 4.0 (C);
LREAC(4) = 16, CREAC(4) = 1.5, THMEAN(4) = 6.0 (S).
XSTEP(1) = 10~%, XSTEP(2) = 107>, XSTEP(3) = 1072,

(Reaction increments in moles, reaction is not
cumulative.)

9. NEUTRAL FORMAT (A8)
This input defines the elements to be used to
adjust the initial solution(s) to electrical
neutrality. One element with a master species
cation and one element with a master species
anion are input. H' and e~ are not valid entries.
A master cation and anion are required in order
to add one or the other element according to the
charge imbalance. Species are not subtracted,
eliminating the possibility of negative total
concentrations. This input is required only if
IOPT(2) = 2. (Note that this is not equivalent
to adding or subtracting charge as discussed in
REACTION; remember that IOPT(2) = O will maintain
an original charge imbalance during a simulation.)

9.a. LPOS, LNEG

FORMAT (215)
LPOS Index number of an element with a cation
master species. (Right justified.)
LNEG Index number of an element with a anion
master species. (Right justified.)
10. SUMS FORMAT (A8)

This input sums molalities of aqueous species which
are then printed in the output of the run. These
sums do not affect the calculations in any way and
are never mandatory. These sums could, for example,
be used to define an alternate sum of species for
the alkalinity. The "sums" are defined by lists of
species numbers, so that each time a sequence number
for a species is listed, the sum is incremented by
the molality of that species. If the species has,
for example, two carbonate ions and the total car-—
bonate is the sum which is desired then the species
should be listed twice in that sum. Up to 10 dif-
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ferent sums may be defined. Each sum may have up
to 50 species. Cards 10.a and 10.b are required
for each sum. This input, after all sums have been
defined, must be terminated with one blank card.

As in LOOK MIN input the sums are kept for the
duration of the run but it is possible to add or
replace sums or delete the entire set in any single
simulation. Any sum input in this data block will
be added to the list of sums if the name (SUNAME)
is different from all other sum names. A sum with
the identical name will replace the sum already in
the list. The word DELETE as a sum name will elim-
inate all the sums known to the computer.

10.a. SUNAME, NSUM
FORMAT (A8,2X,I2)

SUNAME Alphanumeric name to be printed to identify
the sum.

NSUM The number of index numbers to be read on
card(s) 10.b; NSUM 50. (Right justified.)

10.b. (LSUM(I,J), J = 1, NSUM)
FORMAT (2014)
List of species numbers to define the sum. Twenty index
numbers are read on this card. The card may be repeated
as many times as necessary to input NSUM index numbers.

LSUM Index numbers of species in sum. (Right
justified.)

Note: repeat cards 10.a and 10.b for each sum.

10.c. Blank card. One blank card at the end of all sums
is required to terminate this input.

11. END FORMAT (A8)
This card terminates input operations for a
single simulation. Initial solution(s) and
reaction solution(s) are computed as directed
by the preceeding input. Any computer run has
at least one END card.
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Attachment B. — Example using PHRQINPT to
construct input data set
a priori.
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EXAMPLE 1

ENTER OUTPUT FILE NAME
EXAMPLE.1

ENTER REFERENCE FILE NAME: (HIT <CR> TO OMIT)
INPUT THE TITLE

ADD OXYGEN AT PYRITE-CALCITE-GOETHITE EQUILIBRIUM
ADD OXYGEN AT PYRITE-CALCITE-GOETHITE EQUILIBRIUM
O.K.?

Y

INPUT IOPT(1)
0

INPUT IOPT(2)
1

INPUT IOPT(3)
3

INPUT IOPT(4)
0

INPUT IOPT(5)
1

INPUT IOPT(6)
1

INPUT IOPT(7)
0

INPUT IOPT(8)
0

INPUT IOPT(9)
0

INPUT NSTEPS
5

INPUT NCOMPS
1

013011000 51 0.0

0.K.?
Y
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kkkkkhkkkkkhkkhkkkhk

KEYWORD DATA BLOCKS
dededk ke dede ek ek ek ok ok ok

ENTER KEYWORD.
SOLUTION

SOLUTION

INPUT SOLUTION NUMBER
1

SOLUTION 1
O.K.?
Y

INPUT HEAD
PURE WATER

PURE WATER
O.K.?
Y

INPUT NTOTS
0

INPUT PH
7

SOLUTION
PH THE PH OF THE SOLUTION (THE APPROXIMATE PH

IF IOPT(2) = 1)
FORMAT (F10.3)

INPUT PH

INPUT PE
4.
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INPUT TEMP
25.

0 00 7. 4.
0.K.?
Y

25. 1.0

kkkkkkkkkkkkkkkkkkk

KEYWORD DATA BLOCKS
Kkkkdok kokkkokkkkkkkkk

s e e e g e

PRE-CONSTRUCTED MINERAL DATA ARE AVAILABLE,
DO YOU WISH TO HAVE ANY OF THEM?

Y

1 CALCITE 2 ARAGONIT 3 DOLOMITE 4 SIDERITE
6 STRONTIT 7 GYPSUM 8 ANHYDRIT 9 CELESTIT
11 HYDROXAP 12 VIVIANIT 13 FLUORITE 14 FEOH3A
16 PYRITE 17 GOETHITE 18 GIBBSITE 19 CHALCEDY
21 KAOLINIT 22 SEPIOLIT 23 FES PPT 24 BIRNESIT
26 SIL GEL 27 SIL GLAS 28 SEP PPT 29 MACKINIT
31 MICROCLN 32 CO2 GAS 33 02 GAS 34 H2 GAS
36 H2S GAS 37 CH4 GAS 38 NH3 GAS

ENTER THE INDEX NUMBER OF MINERAL. (TYPE <STOP> TO EXIT)
16

PYRITE 4 0.0 -18.48 11.3 0
1 -2.0 2 -2.0 8 1.0 42 2.0

O0.K.?

Y

ENTER THE INDEX NUMBER OF MINERAL. (TYPE <STOP> TO EXIT)
17

GOETHITE 3 3.0 0.486 ~14.48 0
115 1.0 3 2.0 1 -3.0
O.K.?
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5 RHODOCHR
10 BARITE
15 HEMATITE
20 QUARTZ
25 MANGANIT
30 MUSCOVIT
35 N2 GAS



Y

ENTER THE INDEX NUMBER OF MINERAL. (TYPE <STOP> TO EXIT)
1

CALCITE 2 4.0 -8.480 ~-2.297 1
15 1.0 41.0

-171.9065 -.077993 2839.319 71.595

O.K.?

Y

ENTER THE INDEX NUMBER OF MINERAL. (TYPE <STOP> TO EXIT)
STOP

MORE MINERALS TO BE TYPED IN FROM THE TERMINAL?
N

khkkkkkkkkkkkkkkkkkk

KEYWORD DATA BLOCKS
*kkkkkkkhkkkkkkkkkk

ENTER KEYWORD.
STEPS

INPUT XSTEP(1)

0.0

INPUT XSTEP(2)
0.001

INPUT XSTEP(3)
0.005

INPUT XSTEP(4)
0.01

INPUT XSTEP(5)
0.05

0.0 0.001 0.005 0.01 0.05
0.K.?
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Y

kkkkkkkkkkkkkkkkkkk

KEYWORD DATA BLOCKS
Kkkkkkkkkkhhkhhkkhk

REACTION

REACTION

INPUT LREAC(1)

?

REACTION

LREAC INDEX NUMBER OF ELEMENT FOR THE REACTION.

LREAC MUST BE BEIWEEN 4 AND 30 INCLUSIVE.
IF LREAC IS GREATER THAN 30 THE PROGRAM
CONSIDERS THIS CONSTITUENT TO BE H2 OR
02 AND ONLY USES CREAC AND THMEAN
TO CHANGE THE OXIDATION STATE OF THE
REACTION SOLUTION.

FORMAT (I4)

NOTE: FOR A LISTING OF MASTER SPECIES AND ELEMENTS,

ENTER <LIST>.

INPUT LREAC(1)

32

INPUT CREAC(1)

1.

INPUT THMEAN(1)

4,

321. 4,
0.K.?
Y

Kkkkkkhkkhkhkkhkkkhk
KEYWORD DATA BLOCKS
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kkkkkkkkkkkkkkkkkkk

MORE SIMULATIONS?
N
*%%% STOP

-36—-



Listing of constructed file: EXAMPLE.1

ADD OXYGEN AT PYRITE-CALCITE-GOETHITE EQUILIBRIUM

013011000 51 0.0

SOLUTION 1

PURE WATER
0 00 7. 4. 25. 1.0

MINERALS

PYRITE 4 0.0 -18.48 11.3 0

1 -2.0 2 -2.0 8 1.0 42 2.0

GOETHITE 3 3.0 0.486 -14.48 0
115 1.0 3 2.0 1-3.0

CALCITE 2 4.0 -8.480 -2.297 1
15 1.0 41.0

-171.9065 -.077993 2839.319 71.595

STEPS
0.0 0.001 0.005 0.01 0.05
REACTION
321. 4.
END
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Attachment C. - Example using PHRQINPT to
modify an existing reference
file.
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ENTER OUTPUT FILE NAME

EXAMPLE.2

ENTER REFERENCE FILE NAME:

EXAMPLE.1

TITLE CARD:

EXAMPLE 2

(HIT <CR> TO OMIT)

ADD OXYGEN AT PYRITE~CALCITE~GOETHITE EQUILIBRIUM

ENTER OPTION. (1=KEEP, 2=REPLACE)

1

OPTION CARD:
013011000 51

0.0

ENTER OPTION. (1=KEEP, 2=MODIFY, 3=REPLACE)

2

OLD IOPT(1)=0
KEEP THE OLD VALUE?

OLD IOPT(2)=1
KEEP THE OLD VALUE?

OLD IOPT(3)=3
KEEP THE OLD VALUE?

OLD IOPT(4)=0
KEEP THE OLD VALUE?

OLD IOPT(5)=1
KEEP THE OLD VALUE?

OLD IOPT(6)=1
KEEP THE OLD VALUE?

OLD IOPT(7)=0
KEEP THE OLD VALUE?

OLD IOPT(8)=0
KEEP THE OLD VALUE?

OLD IOPT(9)=0

(HIT

(HIT

(HIT

(HIT

(HIT

(HIT

(HIT

(HIT

<RETURN>

<RETURN>

<RETURN>

<RETURN>

<RETURN>

<RETURN>

<RETURN>

<RETURN>

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;
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IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)



KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

OLD NSTEPS= 5
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;
7

OLD NCOMPS= 1
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

013011000 7 1 0.0
O.K.?
Y

kkkkkkkkkkkkkkhkkkk

KEYWORD DATA BLOCKS
Fkkkkdkhkhkkkkkkhhk

KEYWORD:

SOLUTION 1

ENTER OPTION. (1=KEEP, 2=ELIMINATE)
1

SOLUTION

SCLUTION CARD:

PURE WATER

0 00 7. 4, 25. 1.0
ENTER OPTION. (1=KEEP, 2=MODIFY, 3=REPLACE)
2

OLD SOLUTION NUMBER=1
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

SOLUTION 1
0.K.?
Y

OLD HEAD=

PURE WATER
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;
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IF NOT, REENTER THE DATA)

IF NOT, REENTER THE DATA)

IF NOT, REENTER THE DATA)

IF NOT, REENTER THE DATA)

IF NOT, REENTER THE DATA)



PURE WATER
O.K.?
Y

OLD NTOTS= 0
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

OLD PH=7.
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

OLD PE=4.
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;
0.0

OLD TEMP=25.
KEEP THE OLD VALUE? (HIT <RETURN> IF YOU DO;

0 00 7. 0.0 25. 1.0
O.K. ?
Y

*kkkkhkkkkkkhkkhkkkkk

KEYWORD DATA BLOCKS
Kkkkkkkkkhhkkkhkkhk

KEYWORD:

MINERALS

ENTER OPTION. (1=KEEP, 2=ELIMINATE)
1

MINERALS

MINERALS CARD:
PYRITE 4 0.0 -18.48 11.3
1 -2.0 2 -2.0 8 1.0

IF NOT,

IF NOT,

IF NOT,

IF NOT,

0

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

42 2.0

ENTER OPTION. (1=KEEP, 2=MODIFY, 3=ELIMINATE)

1

41~



MINERALS CARD:
GOETHITE 3 3.0

0.486

115 1.0 3 2.0
ENTER OPTION. (1=KEEP, 2=MODIFY, 3=ELIMINATE)

1

MINERALS CARD:
CALCITE 2 4.0

-8.480

15 1.0 41.0

-171.9065 -.077993

2839.319

ENTER OPTION. (1=KEEP, 2=MODIFY,

2

OLD MNAME=CALCITE
KEEP THE OLD VALUE?

OLD NMINO= 2
KEEP THE OLD VALUE?

OLD THMIN=4.0
KEEP THE OLD VALUE?

OLD LKTOM=-8.480
KEEP THE OLD VALUE?

OLD DHMIN=-2.297
KEEP THE OLD VALUE?

OLD MFLAG=1
KEEP THE OLD VALUE?

OLD SIMIN=
KEEP THE OLD VALUE?
0.2

CALCITE 2 4.0
OQK.?

Y

OLD LMIN(1)= 15
KEEP THE OLD VALUE?

OLD CMIN(1)= 1.0

(HIT <RETURN>

(HIT <RETURN>

(HIT <RETURN>

(HIT <RETURN>

(HIT <RETURN>

(HIT <RETURN>

(HIT <RETURN>

~-8.480

(HIT <RETURN>

-14.48

1-3.0

~-2.297

71.595

3=ELIMINATE)

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;

IF YOU DO;
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IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

IF NOT,

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA)

REENTER THE DATA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>