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1. PURPOSE AND SCOPE

The goal of this Software User’s Manual document is to explain relevant information that allows
the use of the computer code EQ3/6 Version 8.0, developed by Dr. Thomas J. Wolery at the
Lawrence Livermore National Laboratory (LLNL). This document is required in compliance
with the QA procedure on Software Management, AP-S1.1Q, Rev. 3/ICN 4. EQ3/6 Version 8.0 is
a software package utilized to perform geochemical modeling computations encompassing fluid-
mineral interactions and/or solution-mineral-equilibria in aqueous systems. The software
package is composed of two major components: EQ3NR, a speciation-solubility code; EQ6, a
reaction path modeling code to simulate water/rock interaction or fluid mixing in either a pure
reaction progress mode or a time-dependent or kinetic mode. Supporting software includes
EQPT, a data file preprocessor, along with several supporting thermodynamic data files, as well
as file converter programs to update old input files. The software deals with the concepts of
thermodynamic equilibrium, irreversible mass transfer, and reaction kinetics. The supporting
thermodynamic data files contain both standard state and activity coefficient-related data that
allows the use of activity models such as Davies, B-dot, or Pitzer’s equations for determination
of activity coefficients.

The scope of this software is to support various interdisciplinary efforts of the Yucca Mountain
Project (YMP) in the modeling of the physical and chemical environment related to Engineered
Barrier Systems (EBS). This includes modeling alteration of Waste Package (WP) materials,
Waste Form (WF) degradation, criticality issues related to radionuclide accumulations, and other
interrelated areas such as the Unsaturated Zone (UZ).

2. USER INTERACTIONS

Interactions with the software begin with the activation (double clicking) of the shortcut link that
will initiate a “command prompt” window and execute a setup script. Instructions detailing code
installation and startup procedures are given in the Installation Test Plan EQ3/6 Version 8.0
(ITP) (Jarek 2002; SDN: 10813-ITP-8.0-00). The user should see the success of this script
indicated thusly:

Configuring to run EQ/6 version 8.0
Done

If errors are reported, something is wrong with the shortcut file, the configuration batch file
(eq36c¢cfg.bat), or some other aspect of the software installation. Refer to the ITP document (Jarek
2002; SDN: 10813-ITP-8.0-00) to correct any problems. It is important to use the appropriate
shortcut for the type of Windows OS used and to have the correct data in the shortcut’s
“Properties” (see Section 4.1 of the ITP). Other configuration data are present in the
configuration batch file; these must also be correct (see Section 4.3 of the ITP).

EQ3/6 problems are run in the resulting command prompt window. In order to run EQ3NR or
EQ6, the user must specify one or more problems on an input file and choose an appropriate
supporting data file. Problems may be ‘“stacked” on an input file by simply following one
problem specification with another. In order to create or modify an input file, some editing
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program must be used. None is provided with EQ3/6 itself. Such an editing program may work
either inside or outside the command prompt window. WordPad (which operates outside this
window) and is included in the Windows OS is one example of such a program. To facilitate the
construction of input files, many examples are included with the software. Finding one that
serves as a good template is the recommended approach to preparing the user’s own input files.
The details of input file form and content for both EQ3NR and EQ6 are described later in this
manual. EQ3NR input files use the filename extension “.31”’; EQ6 input files use “.61”.

Any data file used by EQ3/6 exists in two parallel forms: an ASCII formatted form known as a
“data0” file (which can be created or modified by a text editor) and a parallel unformatted form
known as a “datal” file. The latter is sometimes referred to as a “binary” file; however, it is
technically merely unformatted. The two forms of a data file share a three-letter “datafilekey,”
which serves as the filename extension for each (e.g., ymp for data0.ymp and datal.ymp). A
datal file is created from the corresponding data0 file by running the EQPT program (described
further in this section). In addition to creating an unformatted equivalent data file, EQPT
performs a large number of checks. For example, reactions are checked for mass and charge
balance, and Pitzer interaction coefficients are checked for duplicate and invalid species
combinations.

The EQ3NR and EQ6 codes actually use the datal files, not the data0 files. As the EQ3/6
software is distributed, the datal files are included and the user need take no action with regard
to these unless the data0 files are modified or new data0 files are created. If so, the EQPT code
must be run on those data0 files to replace or create the corresponding datal files. The form and
content of data0 files is little changed from that for the Version 7 code. Version 7 level data0
files can be used unchanged with the Version 8 code. However, they must be run through the
Version 8 EQPT code to be used with the Version 8 EQ3NR and EQ6, as the datal file structure
is slightly different for the two version levels. Limited differences in the possible form and
content of data0 files between the two versions (related to new Version 8 capabilities) will be
discussed later in this manual.

NOTE: The data0 and datal files distributed with EQ3/6 Version 8.0 software are unqualified.
Any YMP user needs to obtain the most recent qualified and controlled data0 file(s) from the
Automated Technical Data Tracking (ATDT) System for producing quality-affecting work
products. The most recent of these are data0.ymp.R2 (DTN: MO0210SPATHDYN.000) and the
Pitzer database file data0.ypf.RO (DTN: SN0210T0510102.001).

All of the codes in the EQ3/6 package (excluding the command prompt shortcuts) are run in the
command prompt window. With proper shortcut configuration, a configuration batch file runs
automatically when the command prompt window opens. Note that the EQ3/6 software can only
be run in a window opened by clicking on the appropriate EQ3/6 command prompt shortcut. An
ordinary command prompt window will not provide the properly configured environment.

In common usage, the principal codes in the EQ3/6 package are not run directly but through
smaller interface codes. For example, RUNEQPT runs EQPT, RUNEQ3 runs EQ3NR, and
RUNEQG6 runs EQ6. The interface codes contain OS-dependent coding (which is the same for all
versions of Windows). One of their key functions is to simplify the handling of file names. They
permit output files to be automatically named after the corresponding input files.
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The EQPT code is run by entering a command of the form:
>runeqpt datafil ekey(s)

where argument(s) following “runeqpt” consist of one or more three-letter data file keys (e.g.,
cmp, ymp, ypf). This command is run in the database (“‘db”) directory described in the ITP
(Jarek 2002). Normally, this directory is c:\eq3_6v8.0\db. Thus, entering “runeqpt ymp”
specifies that datal.ymp is to be created using data0.ymp as input. If an error is encountered
while processing a data0 file, RUNEQPT will delete the corresponding datal file so that it
cannot be used. In addition to the datal file, EQPT also writes an output file and an “slist” file.
Both files (which are ASCII) contain listings of the species on the data0 file.

The EQ3NR and EQ6 codes are respectively run by commands of the form:
>runeq3 datafil ekey inputfile(s)
>runeq6 datafil ekey inputfile(s),

respectively. The datafilekey is the usual three-letter data file key discussed above. Note that
only one data file may be used per run. Failure to specify a valid key (one for which the
corresponding datal file exists in the database directory) is an error. The inputfile(s) are one or
more EQ3NR (for runeq3) or EQ6 (for runeq6) input files. Specific examples for running
EQ3NR include “runeq3 cmp j13ww.3i” and “runeq3 ymp *.3i”. Examples for EQ6 include
“runeq6 cmp micro.6i” and “runeq6 ymp *.61”.

All EQ3NR and EQ6 output files are ASCII files. EQ3NR writes two output files, the normal
output (“.30”) file and a pickup (“.3p”) file. The EQ3NR pickup file is used to communicate data
to EQ6. It is either a complete EQ6 input file or the bottom half of one. EQ6 writes several
output files, a normal output (“.60”) file, a pickup (“.6p) file, a summary output or “tab” (“.6t”)
file, and a scrambled tab (“.6tx”) file. The EQ6 pickup file is always a complete EQ6 input file,
and can be used to extend a previous run. The tab file provides a more succinct summary than
the output file and may be useful in plotting data. The scrambled tab file is used to produce a tab
file that extends over more than one run. All these output files are described in more detail later
in this manual under Sections 3.5 and 3.6.

The format and content of EQ3NR and EQG6 input files has changed for Version 8. The new
format and content are described later in this manual. The twin format styles (W, compact, and
D, menu-style) have been retained for version 8; however, only the latter is recommended.
Version level 6, 7.0, and 7.2 input files may be converted to Version 8 level using software in the
Version 8 package. EQ3NR input files may be converted using XCIF3, EQ6 input files using
XCIF6. XCIF3 and XCIF6 are interface codes similar to RUNEQPT, RUNEQ3, and RUNEQ6.
XCIF3 runs a code called XCON3, XCIF6 runs one called XCON6. Usage of these codes is
described in Section 2.3.

An overview of the input/output flow into the different program modules is presented in
Figure 1.
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Figure 1. Simplified flowchart of EQ3/6 Version 8.0 showing the association between inputs/output and
database elements and the main codes. (modified after Wolery, 1992a)

2.1 CONCEPTUAL BACKGROUND

Users are expected to be familiar with the necessary concepts employed in geochemical
modeling of aqueous systems. Users of the version 7 series EQ3/6 (Versions 7.0 through 7.2c¢)
will likely have the necessary background. Others should read the next subsection (2.1.1) of this
manual for an introduction to speciation-solubility modeling of aqueous systems. Standard
aqueous geochemistry texts and monographs may also be helpful. Particularly recommended are:
Nordstrom and Munoz (1985); Stumm and Morgan (1996); and Langmuir (1997).

2.1.1 Basis Species. Key Concepts

Users need a thorough understanding of the concept of basis species, and can refer to this
section’s subsections for details. In general, each strict basis species except the fictive Ox(g)
represents a chemical element, the fictive O,(g) itself serving as the redox species (which can be
conceptually tied to charge balance as each of the other strict basis species can be so tied to a
mass balance). A strict basis species may be comprised of only the associated chemical element
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plus oxygen and hydrogen. Basis species typically are simple [e.g., Na’, K, H, Ca*", Mg*", CI,
F, SO,*, HCO;, SiOx(aq), B(OH)s(aq)]. In general, H,O is the basis species associated with
oxygen, H' that associated with hydrogen.

An auxiliary basis species usually represents a chemical element in a different oxidation state
(e.g., Fe’" versus Fe™"), though that is not essential. Usually a species is defined as an auxiliary
basis species because there is some expectation of possible disequilibria with the corresponding
strict basis species, or because analytical methods exist that permit discrimination between the
two. The user may treat an auxiliary basis species in one of two ways. It can be used as an active
basis species by treating it as such on the input file (e.g., by specifying a concentration for it).
Alternatively, it can be treated as a dependent (non-basis) species. This is the default condition
(when no corresponding concentration or alternative constraint is applied on the input file).

To know what are the basis species on a given supporting data file, consult the “slist” file
produced by the EQPT data file preprocessor (discussed below), or directly examine the relevant
“data0” form of the supporting data file. The strict basis species comprise the first group of
aqueous species, ending with the fictive aqueous species O(g). The auxiliary basis species
follow. After that come the dependent (non-basis) species.

2.1.1.1 Basis Species

In the EQ3/6 system, there is a set of master or basis species. This concept revolves around the
notion that one such species is associated with each chemical element and its associated mass
balance (e.g., Na™ for Na). If oxidation-reduction is considered, one additional species such as
O(g) for e must be added, which is associated with charge balance. Every remaining species
(aqueous, mineral, or gas) is formally associated with a reaction that destroys it. For example, an
aqueous complex is paired with its dissociation reaction, and a mineral with its dissolution
reaction. The basis species are used as a set of generalized “building blocks” in writing chemical
reactions. The reactions are then written in terms of only the single associated species and the set
of basis aqueous species.

To know what are the basis species on a given supporting data file, consult the “slist” file
produced by the EQPT data file preprocessor (discussed below), or directly examine the relevant
“data0” form of the supporting data file. The strict basis species comprise the first group of
aqueous species, ending with the fictive aqueous species O,(g). The auxiliary basis species
follow. After that come the dependent (non-basis) species.

We will call a basis set as defined above a strict basis set. It is the minimal basis set required for
chemical modeling. The number of species in this set, in the general case including a redox
species, is given by:

sp =& +1 (2-1)
where €7 is the number of chemical elements in the system of interest. The redox species itself

will be denoted as the thh species. In the case of systems in which there is no oxidation-
reduction, we will simply treat the redox species as being inactive.
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A speciation-solubility problem concerning an aqueous solution deals only with mass balances
involving species in one (aqueous) phase. Therefore, the basis set in EQ3NR consists entirely of
aqueous species. These are defined (at least initially) on the supporting data file. One is H,O(l),
the solvent. The redox species used in EQ3/6 is O,(g), which is treated in this context as a fictive
aqueous species; the conventional e used by some other modeling codes is another example of
such. The other basis species are simple species likely to dominate their respective mass balance
relationships, at least in many instances.

Basis species are usually chosen as mono-elemental species such as Na™ and Ca®". Some are also
comprised of oxygen and/or hydrogen (e.g., SO4> and B(OH)s(aq)). No basis species on a
supporting data file is permitted to be comprised of more than one chemical element other than
oxygen or hydrogen. The purpose of this restriction is to avoid certain problems that would
otherwise arise in defining the total concentrations of the basis species. Such problems do not
arise in the case of dealing with elemental oxygen and hydrogen because no meaningful
analytical values exist for the total concentrations of the associated basis species, H,O(l) and H"
or of these elements themselves. The concentration of water as measured by its mole fraction is
implicitly fixed by the concentrations of the solute components. The concentration of the
hydrogen ion is analytically determined via the pH or some other approach not involving a total
concentration.

Using a strict basis set, all mass balance relationships can be defined in terms of chemical
elements and the coefficients describing the elemental compositions of all species. The charge
balance relationship can be defined in terms of the electrical charges of the species. All non-basis
species appearing in these balance equations are related to the basis species via the associated
chemical reactions. The concentrations of these non-basis species are then determined by the
concentrations of the basis species through the associated mass action equations, assuming that
the activity coefficients appearing in these equations are known. Thus, if the concentrations of
the basis species are known, they may be used to span (compute) the complete speciation of the
system. In mathematics, a set with such properties is usually called a basis, which is where the
term basis set in the present context is derived.

In thermodynamic modeling, one deals in an algebraic sense with n equations in # unknowns.
The use of a basis set which is strict requires assuming that the concentration of every non-basis
species appearing in a balance equation satisfies a corresponding mass action equation. This has
the effect of requiring the modeled system to be in a complete state of internal chemical
equilibrium. There is simply no mechanism in this construction to deal with even one simple
reaction in a state of disequilibria. The concept of internal equilibrium as used here refers to a
system that excludes any non-basis species that do not appear in the balance equations. Thus, an
aqueous solution may be in a state of internal equilibrium, but still supersaturated with respect to
calcite. The mineral in this context is a non-basis species, but it does not appear in the balance
equations that describe the aqueous solution. The system consisting of the same aqueous solution
plus the mineral, however, is not in a state of internal equilibrium.

In EQ3NR, the modeled system consists exclusively of the aqueous solution. Systems including
other phases are treated in EQ6. Nevertheless, it is apparent from the above example that in order
to model systems with some internal disequilibria, one must expand the basis set beyond the
confines of the strict basis. In the example given above, we would make the mineral a basis
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species. However, since the associated reaction is presumed to be in disequilibria, the associated
mass action equation is not used as a governing constraint. In order to maintain a balance of n
equations in n unknowns, it is necessary to introduce a new mass balance equation for the new
basis species. In the present example, this is just a statement of how much of the mineral is
present in the system. Note that this is a new kind of mass balance relation not related to a
chemical element.

The same principle holds in modeling an aqueous solution. One might wish to compute a model
in which Fe®" is not in equilibrium with Fe*". If Fe*" is already in the strict basis set, one must
add Fe’" to the basis set (or vice versa). In this case, the situation is more complicated, as the
new basis species may have its own ion pairs and complexes appearing in the associated mass
balance. This is a simple concept. However, it requires rethinking the description of mass
balances, as the number of mass balance equations now exceeds the number of chemical
elements. As we will show, a better concept is to associate the mass balance relations with
corresponding basis species, not with the chemical elements.

We now show how to develop this more generalized concept for defining mass balance relations.
Consider the following reaction:

HeCly =Hg +3CI (2-2)

This is represented in the software by paired arrays of reaction coefficients (floating point
numbers) and names of the corresponding species (character variables). If you ask the question,
how many chlorides is the non-basis species on the left hand side equivalent to, a human being
will invariably answer the question by looking at the subscript “3” in the chemical formula of the
species. In the software, this is equivalent to looking up the elemental composition of the species
in the appropriate data array. Thus, this mechanism produces the required coefficient for
evaluating the contribution of this species to a mass balance relation based on a chemical
element. This is really the answer to the question, to how many chlorines (not chlorides) is this
species equivalent. This is not what is presently desired, and a different approach is required.

The original question can be more accurately answered by looking at the reaction coefficients.
Since reactions must satisfy mass and charge balance to be valid, the required information must
be available there. A human being would probably answer the question by looking at the
coefficient on the right hand side of the reaction. However, the coefficient of the non-basis
species on the left hand side must also be considered to obtain the correct answer in the general
case. To emphasize this, we note that the reaction can also be written as:

2HgCly = 2Hg  + 6CI (2-3)

Although a reaction whose coefficients have not been reduced to the lowest common
denominator is unlikely to be written in any of the EQ3/6 data files, it is not prohibited. In
addition, some reactions written with a unit coefficient for the associated non-basis species
require fractional coefficients. An example is:

Fe'' + % H,0()=Fe +H + % Ox(g) (2-4)
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One might reasonably wish to avoid the fractions and write instead:
4Fe’ +2H,0(1) = 4Fe” + 4H + O(g) (2-5)

Furthermore, certain actions taken by the code as it executes, such as basis switching, may cause
a reaction to be rewritten, and there is no general restriction requiring the new reaction to have a
unit coefficient for the associated non-basis species.

In the software, the coefficients of products are defined as positive numbers and those of
reactants as negative ones. For the basis species, these coefficients are symbolized by by, where
s' denotes a basis species and r the reaction. The non-basis species associated with the "
aqueous reaction is denoted by s", and its reaction coefficient is symbolized by by~ Thus, the
factor giving the stoichiometric equivalence of such a species to the s"" basis species is given by:

U == (2-6)

In a speciation-solubility problem, the mass balance equation for the s" basis species is then:

T
mT,s' =my + z Ugn g Mg (2_7)
r=1

where r is the reaction associated with the s" species (r =s"—s, ; see Section 9.2) and rr is the

number of reactions for the dissociation of non-basis aqueous species. Considerable care must be
used in the application of such a formulation. Mathematically, it is quite rigorous. Physically,
however, there are some potential problems. The quantity on the left hand side may or may not
correspond to something that can be obtained by chemical analysis and therefore have physical
as well as mathematical meaning. The formulation can be applied to any basis species. In the
case of Oy(g) or e, these have no physical meaning, as these are only hypothetical aqueous
species in the first place. In the case of H', the total concentration has no physical significance.
Its value is uniquely established only because one normally chooses to put this species in the
basis set instead of OH . In the case of H,O(l), the computed total concentration is also
technically non-physical and depends on which of H' or OH™ is chosen as a basis species.

It was pointed out earlier that basis species on the EQ3/6 data files are restricted in composition
to no more than one chemical element other that oxygen and hydrogen. This is done to protect
the physical meaning of the total concentrations of basis species other than H,O(l), H', and
Os(g), for which there is no possibility of physical meaning, anyway. To illustrate the problem,
conziider the following three reactions in which HgCl;™ is used as a basis species in place of
Hg™:

Hg ' +3CI = HgCly (2-8)

HgBr; +3Cl =HgCl;” + 3Br (2-9)
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Consider the mass balance of chloride and the contribution to it from Hg*". Applying eq (2—6) to
the first reaction above gives a stoichiometric coefficient of —3. The same result is obtained for
the bromide complex in the second reaction. The chloride complex itself has a stoichiometric
coefficient of zero.

In EQ3NR and EQ6, the chloride complex in the above example is likely to strongly dominate
the mass balance of dissolved mercury, giving an incentive to consider switching it into the basis
in place of the mercuric ion. The codes deal with this situation by continuing to define the
stoichiometric factors appearing in the mass balance relations in terms the reactions as they were
written prior to basis switching, modified only for stoichiometric factors relating the new basis
species to the old ones.

2.1.1.2 Organization and Treatment of Basis Species

The set of basis species on an EQ3/6 data file is divided into two parts: the strict basis and the
auxiliary basis. The species in the strict basis set correspond one-to-one with the chemical
elements, except for O(g), which is used as a hypothetical aqueous species, and which
corresponds to charge balance. These species appear first in the overall list of aqueous species.
The solvent, HO(1), is the first aqueous species. The hypothetical aqueous species Oy(g) is the
last. The species in the strict basis set are not associated with any reactions, as are all other
species.

The auxiliary basis species follow the strict basis species. For the most part, they represent
chemical elements in different oxidation states. However, they may also include any species that
do not readily equilibrate with other basis species according to the associated reactions.
Auxiliary basis species are used like strict basis species as “building blocks” in writing reactions
for various species on the data file. In EQ3NR, an auxiliary basis species may be treated as either
a basis species or a non-basis species. The choice is up to the user in each case. By default, an
auxiliary basis species is eliminated from the active basis set (except for Ox(aq) and Ha(aq),
which are special cases). Any reactions for other species written in terms of this species will be
rewritten to reflect this. However, an auxiliary basis species is treated as an active basis species if
the user provides an appropriate matching input on the input file, such as a total concentration.
The non-basis aqueous species follow the auxiliary basis species. In the present version of
EQ3/6, a species defined as a non-basis species on the data file cannot be treated as an active
basis species unless it is switched with an existing member of this set. This prevents defining an
additional mass balance relation for this species. If it is desired to use such a species in the active
basis set for the purpose of defining an additional such relation, it is necessary to modify the data
file, moving the species into the auxiliary basis set.

An input model constraint, such as a total concentration, is required for each master aqueous
species in order to perform a speciation-solubility calculation. However, as discussed in Section
3.3.9, there are limitations on the constraints that can be placed on a given basis species,
depending on whether it is in the strict basis or the auxiliary basis. The user needs to be keenly
aware of which species are in which set. Users should consult either the relevant data0 data file
or the dlist (species list) file written by EQPT when it processes this file.
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The user may specify selected examples of basis switching on the input file. This provides a
means of changing the set of basis species at run time. For example, a strict basis species may be
exchanged with an auxiliary basis species. This puts the latter in the strict basis, the former in the
auxiliary set. A basis species may also be switched with a non-basis species. A basis switch
causes reactions to be re-written in terms of the new basis set. Judicious basis switching can
improve the code numerics, sometimes making the difference in whether the iteration converges
or not. As a rule, a basis species should not make up an insignificant part of the associated mass
balance when a total concentration is used as the input constraint. The compositional restrictions
on basis species on the EQ3/6 data file do not apply to basis switching made when running
EQ3NR or EQ6.

A basis switch involving a non-basis species causes the corresponding input constraints (see
Section 3.3.9), to be reassigned to the species brought into the basis set. In a switch involving a
basis species constrained to satisfy a specified total concentration, the total concentration is
recomputed by a stoichiometric adjustment to match the species moved into the basis. In this
case, the problem itself is not really changed; it is merely expressed in different terms.

Setting the auxiliary basis species to “suppress” causes the species to be eliminated from the
active basis set. As noted above, this is the default condition for most such species. Elimination
from the active basis set causes reactions originally written in terms of the eliminated species to
be rewritten. For example, consider the following reaction:

FeSO, =Fe' +S0, (2-10)
Elimination of Fe’" from the basis set causes this to be rewritten as:
+ 2+ + 2—
FeSO,s + % H,O()=Fe" +H + % Oy(g) + SOy (2-11)

Thus, FeSO," now appears to be, and is treated as, a complex of Fe*". Elimination thus has the
effect of combining mass balances. In this case, Fe’ and its complexes are folded into the mass
balance for Fe**. Note that the reaction for FeSO," on the data file must be the first, not the
second, of the two above reactions. Otherwise, FeSO," would have been considered a complex
of Fe** from the start. If one did not eliminate Fe’" from the active basis set, FeSO," would be
incorrectly folded in to the mass balance for Fe**, and missing from that of Fe*".

In the majority of cases, there are only one or two auxiliary basis species for a given chemical
element. When there is more than one such auxiliary basis species, the species can be “chained.”
The first such species must be related through its associated reaction to the corresponding strict
basis species. This can also be done in the case of the second, third, etc., such basis species.
However, the second such auxiliary basis species could be directly related to the first such
auxiliary basis species. The third could be directly related to the first or second, etc. Of course, a
non-basis species can be directly related to any basis species.

Chaining is not significant in the case of most chemical elements. Carbon, however, is an
exception. A large number of organic species are now present on the com and sup data files
because of the inclusion of such in SUPCRT92 from the work of Shock and Helgeson (1990).
Several of these are treated as auxiliary basis species, the majority as non-basis species of which
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all are directly related to one of the organic species in the auxiliary basis. The basic problem with
organics in a geochemical modeling code is that they may often be treated as complexes of
HCO;™ when this is not what is desired. In the “R7” versions of the com and sup data files, each
of the several organic species in the auxiliary basis set is directly related to HCO; . In order to
model organic-free systems without the unexpected appearance of organics in the model, it is
necessary to enter on the input file a zero concentration for each organic species in the auxiliary
basis set. In future versions of the data files, one such species (probably 'acetic acid(aq)') may be
set up as a sort of master organic species. Only this organic species will be directly related to
HCOj;". All other organic species in the auxiliary basis set will be directly related to this master
organic species. Then all organics can be kept out of a computed model by entering on the input
file a zero concentration for just the master organic species.

2.1.1.3 Stoichiometric Conversionsof Analytical Data

The analytical data used to define speciation-solubility problems in EQ3NR pertain to the basis
species on the supporting data file employed in a given run. To use the code correctly, one must
know what the species are, and it is often necessary to correct the analytical data one is provided
in order to provide a stoichiometric match.

For example, the river water test case of Nordstrom et al. (1979) includes the following data:
e Si8.52 mg/L.
* B0.050 mg/L.
« PO, 0.210 mg/L.

The species on the data0.com data file which respectively correspond to these components are
Si0,(aq), B(OH)s(aq), and HPO4*". The problem is that, for example, 8.52 mg/L of Si is not
equivalent to 8.52 mg/L of SiO(aq). A stoichiometric conversion, of the sort common in
analytical chemistry, must be done. This is illustrated in the present case by:

M., 5i0, (ag)
Cmg/L,SiOz(aq) = V;‘41 ;aq Cmg/L,Si (2-12)
w,Si

where M,, ; is the molecular weight of the component labeled i. The atomic weight of Si is 28.086
g/mole and that of O is 15.999g /mole. The molecular weight of SiO,(aq) is therefore 60.0840
g/mole. The ratio of the molecular weights is therefore 2.1393, and the 8.52 mg/L of Si is
therefore equivalent to 18.23 mg/L of SiO,(aq). By following this method, it can be shown that
the 0.050 mg/L of B is equivalent to 0.286 mg/L. of B(OH)s(aq), and that the 0.210 mg/L of
PO, is equivalent to 0.212 mg/l of HPO, . Corrections are analogous if the data are
concentrations in mg/kg of solution.

The situation is much simpler if the analytical data are reported as molalities or molarities, as no
conversion is generally necessary. For example, 0.0001 molal Si is equivalent to 0.0001 molal
Si0,(aq).
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The code user must make any necessary stoichiometric conversions before entering the data on
the input file. EQ3NR contains no provisions for direct input of data corresponding to dissolved
components other than the basis species appearing on the data file used, so it is not possible for it
to make these conversions for the user.

2.2 OPERATING THE SOFTWARE

The EQ3NR code is normally run using a command of the form:
>runeq3 datafil ekey inputfil enane(s)

where the datafilekey is a three-character key associated with a particular supporting data file.
The associated ASCII data file has a name of the form data0.datafilekey. Some of the most
relevant data file keys are:

cmp - “Composite: (non-Pitzer) data file

hmw - Harvie-Moller-Weare (1984) data file

ymp - Yucca Mountain Project non-Pitzer data file (obtain from ATDT)
ypf - Yucca Mountain Project Pitzer data file (obtain from ATDT)

Thus, the test case library input file swmaj.31, which is designed to run with the composite data
file, would be run by the command:

>runeq3 cnp swnaj . 3i

The species named on swmaj.31 must therefore match those on the data0.cmp data file.
Furthermore, the species so named also have to be of the proper type. Any confusion typically
centers on which species are basis species, and if so, whether strict or auxiliary. The EQ6 code is
typically run by entering an analogous command; e.g.,

>runeq6 cnp nicrohcl. 6i

The datafilekey directs runeq3 or runeq6 to the corresponding “datal” file, such as datal.cmp.
The “datal” file is a binary form of the corresponding “data0” file that is created by running the
EQPT data file preprocessor on the “data0” file. EQPT is normally run by a command of the
form:

>runeqpt datafil ekey(s)

or
>runeqpt all

(which runs EQPT on all of the data0 files in the current directory).
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The EQPT preprocessor produces in addition to a “datal” file an output file of the form
output.datafilekey and the species list or “slist” file of the form slist.datafilekey. The results of
running EQPT on the various common data files are normally included in the EQ3/6 software as
distributed. Therefore, it is often unnecessary for many users to run EQPT in the first place. See
the ITP document (Jarek 2002) for more details on the use of EQPT. Descriptions of each
database are given in their respective “data0” ASCII file headers.

2.3 INPUT FILE CONVERSION

The use of the XCIF3 and XCIF6 input file converters will be briefly described here. Instructions
are also given in the ITP document (Jarek 2002). The command form for the former is:

>xci f3 ol dversion newersion formatletter fil enane(s)

For example, the Version 7.2 level (e.g., for EQ3/6 7.2, 7.2a, 7.2b, or 7.2c) input file swmaj.31
(in either “W” or “D” format) could be converted to Version 8 level “D” format by entering the
command:

>xcif3 7.2 8 D swrgj . 3i

The XCIF6 converter operates similarly on EQ3/6 input files. The analogous conversion is
achieved by the command:

>xci f6 ol dversion newersion formatletter fil enane(s)

A specific example of conversion to Version 8 level “D” format is given by:
>xcif6 7.2 8 D evapsw. 6i

where evapsw.6i is presumed to initially be at Version 7.2 level (in either “W” or “D” format).
Such conversions (forward and backward) may be made among Version levels 6, 7, 7.2, and 8
(note: there is no “D” format for Version 6 level input files).

The XCIF3 and XCIF6 converters provide a path for existing Version 7.2 level users to migrate
their existing input files to Version 8 level. Such users could also create new Version 8 level
input files by first making them up at the version 7.2 level and then using the converters to move
them to Version 8 level. This approach is only recommended as a temporary solution. Some
existing code users may find this exercise helpful in learning about the Version 8 level files.

2.4 CONSTRUCTING AND EDITING INPUT FILES

Any text editor may be used to modify and construct EQ3/6 input files. These files are ordinary
text files (equivalent to files with the usual “txt” filename extension). Among the possible text
editors are WordPad and Notepad, which are typically included in a Windows operating system.
Of these two, WordPad is probably more suitable.
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Users may wish to create filename associations so that when icons for “.31” and “.6i” files are
clicked on, the relevant files are opened in WordPad (or another Windows-based editor). Such an
association for an unassociated extension can be created by double-clicking on a file of the
relevant type. A Windows dialog box will open and allow the user to choose an application to
open the file (find WordPad or another standard text editor and select it). The checkbox to create
a permanent association (“Always use this program to open this type of file”) will be normally be
checked by default. Click “Okay”; the association will be made and the file will open. Close the
file. The next time a file of this type is double-clicked, it will automatically open in WordPad (or
another editor if that was chosen instead).

In general, the user should not attempt to create input files from scratch. Rather, he or she should
examine the test case library or other set of pre-existing input files to find an example that is
close to the desired problem. That example should be copied, the copy renamed to that for the
desired input file, and its contents edited to specify the desired problem. In some cases, it may be
necessary to copy some element (block of lines) from a second or even a third pre-existing file in
order to construct the desired file. However, that is rarely necessary.

EQ3NR input files may be stacked, such that one problem directly follows another on the same
file. This is recommended only in the case of two such problems when the aim is to create an
EQ6 input file for fluid-mixing using the appropriate advanced PICKUP file option [iopt(19),
Option 3].

24.1 About theMenu-Style (“D”) Format

The menu-style input file format uses pipe signs (“|”) to define fields on each line. Typically, the
first such sign is in column one and the last one in column 80. The first field on a line starts
immediately after the first pipe sign. Each line contains at least one field. Lines are in turn
organized into blocks. Each block represents some coherent piece of input, similar to a dialogue
window. A simple example from the EQ3NR input file is:

66|79

The purpose here is to specify the temperature (Celsius). The temperature line, here shown
surrounded by two separator lines, contains three fields. The first field is a label describing the
associated input, the second is for the input value, and the third is another label noting the
associated internal code variable. If this block were to be replaced by a dialogue window, the two
labels would appear as labels, and an input box would replace the input field. A number in an
input field need not follow any special format, as long as the form of the number itself is valid
under the rules of Fortran. In particular, the number need not occupy a specific position in the
input field, and the number of decimal places, if any, is not fixed. Thus, the following examples
are equivalent to the one above:
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The last example is used to show that the pipe signs themselves are not required to be in fixed
positions. An input file can be “prettified” (including putting the pipe signs in optimal places for
best appearance) by running it through XCIF3 (EQ3NR input files) or XCIF6 (EQ6 input files).

A slightly more complex example of an input line block mimics a “radio button” dialog box:

|iopr(4) - Print a Table of Aqueous Species Concentrations, Activities, etc.: |
| [ 1 (-3) Onit species with nolalities < 1.e-8 |
| [ ] (-2) Omt species with nolalities < 1.e-12 |
| [ ] (-1) Onmt species with nolalities < 1.e-20 |
| [x] ( 0) Onit species with nolalities < 1.e-100 |
I [ 1«( |

1) Include all species

Here the user selects one of a number (here five choices for a specified option. In this example,
this is an output file print option (the “iopr(4)” option, common to both EQ3NR and EQ6) for a
table of aqueous species concentrations, activities, and so forth. The option allows the user to
control the size of the table by ignoring minor species at any of four pre-selected concentration
levels. In a block of this type, the “[ ]” functions as a radio button, being turned on when an “x”
appears inside, off when a space is present. An “X” or “*” can be substituted in place of an “x”.
The default option in such a case is always marked by the “(0”) label, which corresponds to a
zero value for the associated code variable [here iopr(4)]. If no option is selected, the default
applies. If two options are selected, the one with the higher value for the associated code variable
applies. If an illegal character (anything other than an “x”, “X”, or “*”) is used to select an
option, the code will flag an error condition.

A comment line may appear anywhere in a Version 8 input file. Such a line is characterized by
an asterisk (“*”) in column 1. A comment line may be used for any purpose. The examples from
the test case library all contain “standard” comment lines listing any necessary string inputs,
apart from species names. Examples will be discussed below as they are encountered. Here is an
example:

* Valid alter/suppress strings (ukxn(kxmod(n))) are: *
* Suppr ess Repl ace Augnent LogK *
* Augnent G *
* *

The XCIF3 and XCIF6 input file converters might be used to “prettify” input files. For example,
if “abe.31” is an input file already at version 8 level and in “D” format, the command:

>xcif3 8 8 D abc. 3i

will put the pipe signs in “standard” positions and insure the presence of “standard” comment
lines that give the string inputs (apart from species names) that may be needed for use in
corresponding input fields.

10813-UM-8.0-00 15 January 2003



2.5 CONSTRAINTS AND/OR SPECIAL INSTRUCTIONS

There is a constraint that this software can only run from a “command prompt” or DOS window
as described above, where the user must enter commands from the keyboard. On-screen
monitoring of the code simulations can be tracked while software is running a problem until
completion. To stop software execution at any time, press Ctrl-C to break the process.

3. INPUT/OUTPUT OPTIONS

3.1 EQ3/6 INPUT DATABASE FILES

As was noted, one of several possible supporting data files must be specified in order to run
EQ3NR or EQ6. Each data file has two forms, the ASCII data0 form and the corresponding
unformatted (“binary”) datal form. A datal file (e.g., datal.ymp) is created by running the
EQPT code on the corresponding data0 file (e.g., data0.ymp). The latter is created by running
EQPT on the former. When running EQ3NR or EQ6 with RUNEQ3 or RUNEQ®6, respectively,
the user specifies the datal file to use by means of the corresponding three-letter key that also
serves as the filename extension of that datal file.

The user must choose a supporting data file that is consistent with the input file(s) to be run. In
general, there are two elements of consistency. The first is that the data file and the input file(s)
must correspond to the same category of activity coefficient model (e.g., Pitzer vs. non-Pitzer).
RUNEQ3 and RUNEQ6 will screen out any mismatches here. The second element of
consistency is that the supporting data file must contain the species referenced on the input
file(s). In particular, the names must match. This can be a problem in that there is no universally
accepted set of names. Thus, the undissociated aqueous silica species may be “SiO2(aq)” on one
data file, and “H4SiO4(aq)” on another. Thus, the code user must have some familiarity with the
species names used on the data file to be used. The most convenient source to consult is often the
output or “slist” file that was created when EQPT was run on the data0 file.

The Version 7 level structure of the dataO files has been largely preserved in the Version 8
software. The original 80-column maximum line length is retained. Version 7 level data0 files
are fully compatible with the Version 8 software. However, the datal formats have changed
somewhat so that the datal files produced by the Version 7 EQPT (Daveler and Wolery, 1992)
cannot be used with the Version 8 EQ3NR and EQ6. Rather, one must create new datal files
using the Version 8 EQPT.

In general, the data0 file consists of the following elements:
- Title including Options

- Miscellaneous parameters: Nominal temperature limits, temperature grid for gridded
parameters: pressure, Debye-Hiickel constants, the B-dot parameter (if applicable),
coefficients for the activity coefficient of CO, (if applicable), and the special log K grid
for relating Eh to log fO,
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- Activity coefficient parameters specific to individual aqueous species, pairs, or triplets
(ion sizes for non-Pitzer data files, interaction coefficient values for Pitzer data files

- Chemical elements block

- Aqueous species blocks (starting with blocks for strict basis species, then auxiliary basis
species, then non-basis species)

- Pure minerals blocks

- Pure non-aqueous liquids blocks
- Gas species blocks

- Solid solutions blocks

- References block

The auxiliary basis and non-basis species blocks, and the pure minerals, pure non-aqueous
liquids, and gas species blocks each contain an associated chemical reaction, in which the
associated species is destroyed (e.g., dissociation or dissolution). With each such reaction is
included the associated log K grid. New species may be added by including new blocks in the
appropriate sections. If a new chemical element is added, a corresponding new strict basis
species composed of only that element with or without oxygen and hydrogen must also be added,
and in the corresponding position among the strict basis species. A block for an auxiliary basis
species that references another auxiliary basis species in its associated reaction must follow the
block for that species. Otherwise, there are no restrictions on the position of a species block
within the relevant “superblock™ of species of the same type.

The Version 8 EQPT uses dynamic dimensioning for virtually all arrays. Therefore, such actions
as adding new species will not cause a problem in exceeding static limits, which was an
occasional problem with earlier versions of EQPT.

Comment lines are used frequently in the data0 file. These begin with an asterisk (“*”) in the
first column. EQPT does not process any data on these lines. The general purpose of comment
lines is to provide additional information. In some cases, this information is mainly vestigial.
Some of these correspond to lines that were once used in EQ3/6 data0 files, but not in those
corresponding to the current or more recent version levels. Typically, such lines have been
retained as comment lines in an attempt to facilitate use of newer EQ3/6 data files with other
software.,

3.1.1 Titleincluding Options Block

The title is the first element of the data file. It has no fixed length, but the reader should note that
the first five lines will be stamped on any EQ3NR and EQ6 output files when the corresponding
datal file is used. The data file name should appear on the first line, followed by the revision
number and date of last revision. Any other highly relevant information such as data tracking
numbers (DTNs) might also best be given in this section.
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Users who modify the data0 files provided with the package should be careful to use the title to
note the differences between their versions and versions provided with the software or obtained
from some other standard source. A flag denoting that such differences exist should appear in the
first five lines of the title to facilitate traceability.

Unless a data0 file is fully compatible with Version 7 level format, the title must contain a small
block of keystrings and associated values associated with features unique to Version 8. Normally
this block appears at the end of the title, though it (or any of its possible components) may
appear anywhere in the title. A sample block (used for data files with the new high-temperature
Pitzer capability) from the prototype data0.ypf data file is:

BEG N CONFI GURATI ON DATA BLOCK
Do not change the data in this block unless you know what you
are doi ng.
| NTERPRET 500 AS NO DATA= YES
* YES or NO
SPARSE GRI D RANGE CONDI Tl ON=I GNORE
* | GNORE, WARN, or ERROR
Pitzer data paraneters:
Pl TZER DATA BLOCK ORG = NEW
Pl TZER TEMP FUNCTI ON= LI VERMORE
NO. OF PI TZER TEMP FUNC TERMS= 4
END CONFI GURATI ON DATA

The default for “INTERPRET 500 AS NO DATA” is YES. The value 500 was originally used in
EQ?3/6 to indicate no data. It was originally thought that no log K value would exceed such a
value. However, some redox reactions have log K values that do exceed this limit. In very old
versions of EQ3/6, any value greater than or equal to 500 was treated as “no data”. By at least
the Version 7 series of the software, only values within 0.0001 of 500 were treated as “no data”.
Of course, 500 remains a perfectly possible value for a log K. Setting the “INTERPRET 500 AS
NO DATA” option to NO enforces the use of the string “No_Data” to indicate “no data”. A
value of 500 is then treated as a value of 500.

The default for “SPARSE GRID RANGE CONDITION” is IGNORE. A grid range is defined to
be sparse if it contains less than three data points. Setting this option to WARN causes a warning
message to be issued by EQPT if an instance of such sparseness is encountered. Setting this
option to ERROR causes an error message to be issued.

The option sub-block:

Pitzer data paraneters:
Pl TZER DATA BLOCK ORG = NEW
PI TZER TEMP FUNCTI ON= LI VERMORE
NO. OF PI TZER TEMP FUNC TERMB= 4

must be included to use the new high-temperature Pitzer capability. That is the primary meaning
of “PITZER DATA BLOCK ORG.= NEW”. The “PITZER TEMP FUNCTION=
LIVERMORE? refers to the generalized temperature function:

11 T ) ,
X(T)=a + - | +a, (T —298.15) +a,\T" —(298.15 3-1
(1) =ay +ay = Bra b Bra yras(rt-@os.152) G-
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where X is the quantity represented, T is the absolute temperature, and a,, a,, a3, etc., are the
relevant coefficients. This formula is “25°C-centric”, as X = a; at 25°C (298.15K). This function
is used to represent the temperature dependence of the Pitzer interaction coefficients. Certain
other temperature functions, some of them not 25°C-centric, may someday be available as
alternatives. The “NO. OF PITZER TEMP FUNC TERMS= 4” input directs that only the first
four terms (the first four coefficients) are to be used.

Certain other options can also be embedded in the data file title. The following examples are
taken from the 7Feb1997 version of data0.1kb, a high-pressure (1 kilobar) data file:

Standard data grid paraneters:
NO. OF TEMPERATURE RANGES
NO. OF PO NTS I N RANCE 1
NO. OF PO NTS I N RANCE 2
NO. OF PO NTS I N RANCGE 3

Data grid flags:

ENTHALPY ON
VOLUME ON

© O ow

The first sub-block of options allows the standard temperature grid to be changed from the
classic 0, 25, 60, 100°C in range 1, and 100, 150, 200, 250, 300°C in range 2. This would
correspond to:

Standard data grid paraneters:
NO. OF TEMPERATURE RANGES
NO. OF PO NTS I N RANCE 1
NO OF PO NTS I N RANGE 2

1 n
arN

In general, high-pressure data files demand a wider temperature range, extending to higher
temperatures. In the case of data0.1kb, the standard temperature grid is given by:

Tenperature grid (degQC
0.0000 25.0000 50.0000 75.0000 100.0000 125.0000
150. 0000 175.0000 200.0000 225.0000 250.0000 275.0000
300. 0000 325.0000 350.0000 375.0000 400.0000 425.0000
450. 0000 475.0000 500.0000 525.0000 550.0000 575.0000
600. 0000

It thus extends to 600°C. For this data file, the corresponding pressure is a fixed 1 kilobar.
Although changing the standard temperature grid is often desirable for a high-pressure data file,
the temperature grid may be changed from the classic one for any data file.

The second sub-block is:

Data grid flags:
ENTHALPY ON
VOLUME ON

The option “ENTHALPY = ON” indicates that enthalpic properties data grids are present on the
data0 file. These additional grids include enthalpic Debye-Hiickel parameters, apparent standard
molar enthalpies for basis species, and standard molar enthalpies of reaction for auxiliary basis
species, non-basis aqueous species, pure minerals, pure non-aqueous liquids, and gas species. At
present, EQ3/6 does not use any of this enthalpy data. The option “VOLUME = ON” indicates
that volumetric properties data grids are present on the data0 file. These correspond to those
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listed above for enthalpic properties. At present, EQ3/6 only uses the volumetric data to make
thermodynamic pressure corrections for pressures off the data file standard (e.g., using the 1 kb
data file for an EQ3NR or EQ6 run with a specified pressure of 1.2 kb).

3.1.2 Miscellaneous Parameters

The temperature limits along with the temperature grid and various parameters are in the first
block titled “Miscellaneous Parameters” as exemplified here from data0.ymp.R2 (DTN:
MOO0210SPATHDYN.000):

Tenperature linmts (degC
0. 0000 100. 0000
t enmper at ures
0.0100 25.0000 60.0000 100.0000
150. 0000 200.0000 250.0000 300.0000
pressures
* P(T) along H20O vapori zati on boundary [source: 84haa/gal]
1.0132 1.0132 1.0132 1.0132
4.7572 15.5365 39.7365 85.8378
debye huckel a (adh) [ source: 74hel /kir2,91j oh/nor]
0. 4939 0.5114 0. 5465 0. 5995
0. 6855 0.7994 0. 9593 1.2180
debye huckel b (bdh) [ source: 74hel/kir2,91joh/nor]
0. 3253 0. 3288 0. 3346 0. 3421
0. 3525 0. 3639 0. 3766 0. 3925
bdot [ source: 69hel]
0. 0394 0. 0410 0. 0438 0. 0460
0. 0470 0. 0470 0. 0340 0. 0000
cco2 (coefficients for the 81dru polynom al)

-1.0312 0. 0012806
255.9 0. 4445
-0.001606

log k for eh reaction

* eh reaction: 2 H2Q(liqg) <==> Q2(g) + 4 H+ + 4 e- (92joh/oel)

* [sources: as provided within data blocks for the individual species]
-91.0448 -83.1049 -74.0534 -65.8641
-57.8929 -51.6848 -46.7256 -42.6828

The first parameter, “Temperature limits (degC)”, sets the range over which the temperature can
be varied in the calculations utilizing a particular database. This value is typically set from 0—
300°C (as is the range of the temperature grid to be discussed next), but is shown to be set to a
range 0—100°C for which the data will be qualified.

The next parameter, “temperature”, defines the temperature grid points to be utilized by the rest
of the database through the log K values. These provide the temperature points at which log K
data will be specified and then interpolated by a polynomial fitting, this being performed by
EQPT.

The other parameters labeled “pressures”, “debye huckel a (adh)”, “debye huckel b (bdh)”,
“bdot”, and “log k for eh reaction” are all given in reference to the respective “temperature” grid
points. Only the activity coefficient of CO, does not utilize this gridding.
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3.1.3 Pitzer Coefficients

Similar blocks exist for Pitzer interaction coefficients for pairs and triplets of aqueous species.
These blocks come in two formats. The first is the older one used in Version 7 and older EQ3/6
Pitzer data files. This format uses the 25°C values of their parameters along with optional 25°C
values for the first and second temperature derivatives. An example from the 02Dec1996 “R6”
version of the data0.hmw data file is for the Ca**, CI pair:

Ca++ a -
2 -1
*
betal0 = 0. 31590 betal = 1. 61400 beta2 = 0. 00000
al phal = 2.0 al pha2 = 12.0
cphi = -0.00034
source = 84har/ no
db0/dt = 0.000E+00 d2b0/dt2 = 0.000E+00
dbl/dt = 0.000E+00 d2bl/dt2 = 0.000E+00
db2/dt = 0.000E+00 d2b2/dt2 = 0.000E+00
dc/dt = 0.000E+00 d2c/dt2 = 0. 000E+00
source =

Na+ Ca++ ad -
*
theta = 0.07000 psi = -0.00700

source = 84har/ nmo
*

dth/dt = 0.0000 d2th/dt2 = 0. 000E+00

dpsi/dt = 0.0000 d2ps/dt2 = 0. 000E+00

source =

The various types of Pitzer coefficients are discussed in Appendix B.2.

Version 8 of EQ3/6 includes a new high-temperature Pitzer treatment that represents the
temperature dependence in a different format (coefficients for a specified temperature function,
to be discussed below). In general, the temperature coefficients for an interaction parameter are
labeled aj, ay, a3, a4, and so forth as required. The following example, with its section header,
from a data file of this type is for the Ca®", CI” pair (from a prototype version of data0.ypf):

ca conbi nations: beta(n)(ca) and Cphi (ca) [optional: al pha(n)(ca)]

Ca++ a-
al pha(1) = 2.0
al pha(2) = 12.0
bet a(0):
al = 0.298461082547347
a2 = -707.82352924451
a3 = -3.00707919201924
a4 = 2.73921619920597E- 03
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beta(1l):

al = 1.7106586765016

a2 = -3510. 47408002665

a3 = -28.1054180935404

a4 = 5.83893049870609E- 02
beta(2):

al = 0

a2 = 0

a3 =0

a4 = 0
Cphi :

al = 3.03712219573499E-03

a2 = 38.3888745241957

a3 = 0.062048303720889

a4 = 1.48987725388134E- 05

* Source: refit of 89gre/ nol

Note that the alpha(1) and alpha(2) parameters are not temperature dependent. Their appearance
in this data block is optional. If they do not appear here, the usual values for the pair charge type
will be applied. These usual values are 2.0 and anything for most pairs (for which beta(2) is not
normally used), and 1.4 and 12.0 for 2:2, 2:3, 3:3, 2:4 and other higher charge combinations (for
which beta(2) is normally used).

In the new format, the blocks for interaction coefficients are distinct according to pair or triplet
type, and thus distinguished by the set of associated interaction coefficients. Common types of
blocks are grouped together. The old format was problematic in the way that it treated theta
parameters. It was also problematic in its treatment of pairs and triplets including electrically
neutral species, for which the format was not originally designed to handle.

The theta coefficients are now tied to cation-cation and anion-anion pairs. In the old scheme,
they were included in the triplet blocks (as shown in an example given above). The problem is
that theta parameters are unique to pairs of ions of the same charge sign, not to triplets containing
such pairs. So, the same theta parameter would be specified independently for each such triplet
(e.g., Na', Ca’", CI” and Na', Ca’", SO4%). Basically, it was left to the EQPT code to enforce the
use of a single value in the face of multiple entries. Thetas are now specified in a block and its
header (also from the prototype data0.ypf) exemplified by:

cc' and aa' conbinations: theta(cc') and theta(aa')

Na+ Ca++
theta
al = 4.99999999999996E- 02
a2 = 1.48831977595669E- 10
a3 = 7.98530455911449E- 13
a4 = -1.04732281527349E- 15

* Source: refit of 89gre/no

Thus for triplets containing two ions of the same charge sign and one of opposite charge sign, the
block is reduced to contain only the psi parameter as shown in the following example:
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Na+ Ca++ a -
psi:
al = -3.00000000000001E- 03
a2 = 4.21408136523772E-12
a3 = 2.18984170216161E- 14
a4 = -2.77789990205555E- 17

* Source: refit of 89gre/ nol

New block types have been implemented for pairs and triplets involving electrically neutral
species (for nn, nn’, na, nc, nnn’ and nca combinations, where n = neutral, n’ = a different
neutral, a = anion, and ¢ = cation). Examples, with their headers, include:

nc and na conbinations: |anbda(nc) and | anbda(na)

nca conbi nations: zeta(nca)

There are no actual data in these two examples. They merely illustrate the format.

The coefficient data in the new Pitzer interaction coefficient blocks does not require a fixed
format. The line for say a; only requires that the string “al =" appear somewhere on the line
followed by a valid number.

3.1.4 Aqueous Species Block

The strict basis species block is illustrated by the following one for HCO; , taken from
data0.ymp.R2 (DTN: MO0210SPATHDYN.000):
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HCGB-
sp.type = basis

* EQ®/ 6 = ynp.R2, ynp.RO, com ree, alt, sup
YMP Qualification status = Q

* mol .wt. = 61.017 g/ nol

* DHazero = 4.0
charge = -1.0

3 elenment(s):
1.0000 C 1.0000 H 3.0000 O

gflag = 1 [25C, 1bar: reported del Qf used]
P-T extrapolation algorithm Cp(T), V(P) integration
P-T extrapolation alg. ref.: 88tan/hel, 92joh/oel
reference-state data source: 88sho/ hel

del @f =  -140.282 kcal / nol

del HOf -164. 898 kcal / nol

SOPr Tr 23.530 cal / (nmol *K)
ECS paraneters source: 88sho/ hel

%k ok Ok kR 3k Ok Ok Ok kR 3k ok Ok F

al = 7.5621(10%*-1)
a2 = 1. 1505( 10**2)
a3 = 1.2346(10**0)
a4 = -2.8266(10%*4)
cl = 12.9395(10**0)
c2 = -4.7579(10%*4)
onega = 1. 2733(10**5)

Note the presence of many comment lines. In addition, the “sp.type” line and the “YMP
Qualification status” line are unused by either the Version 7 or Version 8 level EQPT. They are
actually unnecessary for the Version 8 EQPT. Thus, from that code’s viewpoint, the above block
could be simplified to just:

charge = -1.0

* ok ok Kk

3 el enent(s):
1.0000 C 1.0000 H 3.0000 O

Here one comment line used as a spacer has been retained for esthetic reasons.

A strict basis species does not have an associated chemical reaction and attendant
thermodynamic data. Therefore, the essential information in the data block for such a species is
limited to the species name (limited to 24 characters), electrical charge number, and elemental
composition.

A more general aqueous species block (for an auxiliary basis species or a non-basis species)
contains additional data. This type of aqueous species block is illustrated by the following one
for CaF", taken from data0.ymp.R2 (DTN: MO0210SPATHDYN.000):
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Fe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o ——m - =
CaF+
sp.type = aqueous
* EQ®/ 6 = ynp.R2, ynp.RO, com ree, alt, sup
YMP Qualification status = Q
* mol .wt. = 59.076 g/ no
* DHazero = 4.0
charge = 1.0

* ok ok Kk

2 elenent(s):

1. 0000 Ca 1. 0000 F
3 species in aqueous dissociation reaction:
-1.0000 CaF+ 1.0000 Ca++
1.0000 F-

**%% | ogK grid [0-25-60-100C @bar; 150-200-250-300C @sat-H2Q :
-0.6546 -0.6817 -0.8624 -1.1708
-1.6504 -2.2173 -2.8881 -3.7282

* gflag = 1 [25C, 1bar: reported del Qf used]

* P-T extrapol ation algorithm Cp(T), V(P) integration
* P-T extrapolation alg. ref.: 88tan/hel, 92joh/oel

* reference-state data source: 97sve/sho

* del @f =  -200.390 kcal / nol

* del HOf =  -208.600 kcal / nol

* SOPrTr = -9.000 cal/(rmol *K)

* ECS paraneters source: 97sve/sho

* al = 0. 1568(10**- 1)

* a2 = -7.3958(10**2)

* a3 = 8. 6499(10**0)

* a4 = -2.4732(10%* 4)

* cl = 30. 1743(10**0)

* c2 = 3.0968(10**4)

* onega = 0. 6911(10**5)

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm e m e mm—— e — - - =

Fe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m o mmmmm o ——m - =
CaF+
charge = 1.0
* %k k%
2 el enment(s):
1. 0000 Ca 1. 0000 F
* %k k%
3 species in aqueous dissociation reaction:
-1.0000 CaF+ 1. 0000 Ca++
1.0000 F-

*

**** | ogK grid [0-25-60-100C @bar; 150-200-250-300C @sat-H2Q:
-0.6546 -0.6817 -0.8624 -1.1708
-1.6504 -2.2173 -2.8881 -3.7282

Here four of the comment lines (three of them spacers) have been retained for esthetic reasons.

3.1.5 PureMineral Block
A pure mineral block is quite similar in form and content. Such a block is illustrated by the

following, again with its header, for albite taken from data0.ymp.R2 (DTN:
MOO0210SPATHDYN.000):
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solids
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e m e m e mm—m e — - - =
A bite NaAl Si 308
sp.type = solid
* EQ®/ 6 = ynp.R2, ynp.RO, com ree, alt, sup
YMP Qualification status = Q
* ml.wt. = 262. 223 g/ nol
VOPrTr = 100. 250 cn¥*3/ mol [source: 78hel/del]
4 el ement(s):
1. 0000 Al 1. 0000 Na 8. 0000 O
3.0000 Si
6 species in aqueous di ssociation reaction:
-1.0000 A bite -4.0000 H+
1. 0000 Al +++ 1. 0000 Na+
2.0000 H20 3.0000 Si@2(aq)

**** | ogK grid [0-25-60-100C @bar; 150-200-250-300C @sat-H2Q:
3.9014 2. 8495 1. 4033 0. 0345
-1.2965 -2.3537 -3.2926 -4.2839

* gflag = 1 [25C, 1bar: reported del Qf used]

* P-T extrapol ation algorithm Cp(T), const-V(P) integration
* P-T extrapolation alg. ref.: 78hel/del, 78hel/del

* reference-state data source: 78hel/del

* del @Of = -886.308 kcal / nol

* del HOf = -939.680 kcal/ nol

* SOPr Tr = 49.510 cal / (ol *K)

* Cp coefficients [source: 78hel/del ]

* T**0 = 0.61700000E+02

* T**1 = 0. 13900000E-01

* T**-2 = -0.15010000E+07

* Timt = 199.85C

* T**0 = 0.81880000E+02

* T**1 = 0. 35540000E-02

* T**-2 = -0.50154000E+07

* Tlimt = 926.85C

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e e e mmmmmm e m—m =

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm e e e e e e e e mmmmmm o — -
Al bite NaAl Si 308
VOPrTr = 100. 250 cnr*3/ mol [source: 78hel /del]
4 el ement (s):
1.0000 Al 1.0000 Na 8. 0000 O
3. 0000 si
6 species in agueous di ssociation reaction:
-1.0000 Albite -4.0000 H+
1.0000 Al +++ 1.0000 Na+
2.0000 H20 3.0000 Si@2(aq)

*

**** | ogK grid [0-25-60-100C @bar; 150-200-250-300C @sat-HQ:
3.9014 2. 8495 1. 4033 0. 0345
-1.2965 -2.3537 -3.2926 -4.2839

Here once again four of the comment lines (three of them spacers) have been retained for esthetic
reasons.

Data blocks for pure non-aqueous liquid and gas species have the same form as those for pure
minerals. Therefore, they will not be discussed further here.
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3.1.6 Solid Solutions Block

Data blocks for solid solutions are quite different. The following example, with its section
header, for a hexagonal six-component carbonate is taken from data0.ymp.R2 (DTN:
MOO0210SPATHDYN.000):

Carbonate-Calcite (Ca, M, Zn, My, Fe, Sr) Ca3
sp.type = ss i deal

6 conponents

1.0000 Calcite 1. 0000 Magnesite

1. 0000 Rhodochrosite 1.0000 Siderite

1.0000 Snithsonite 1.0000 Strontianite
type =1

0 nodel paraneter(s)
1 site paraneter(s)
1. 000 0. 000 0. 000 0. 000 0. 000 0. 000

The solid solutions currently used in EQ3/6 data files are ideal site-mixing models treating
mixing over only one site. The above data block is an example of this (“type = 1”). For
discussion of other possible models, see Appendix B.3.3—B.3.7. The data block gives the end-
member components (which must all be pure minerals with data blocks present in the minerals
superblock) along with one or more “model” parameters and one or more “site” parameters.
There are no “model” parameters for an ideal solution. Only one site parameter is currently used.
This is the site stoichiometric factor (the number of moles of site per mole of solid solution).

In adding any new species (or solid solution) blocks to a data0 file, the user should use an
existing block as a template, using the copy-paste-edit technique. This will allow the user to
proceed without having to determine exact line formats.

3.2 EQ3NR AND EQ6 INPUT FILES

A text input file is the primary means of specifying a problem to run using EQ3/6 Version 8.0.
The choice of supporting data file (discussed below) completes the specification. EQ3NR input
files use the “31” filename extension; EQ6 input files use the “6i” extension. In the Version 7
series software, two formats were available: compact or “W” and menu-style or “D”. The
Version 8.0 of this software retains both formats. However, only the menu-style format should
be used. This format has been substantially improved from the Version 7 equivalent. The
deprecated compact format, which requires adhering to strict line formatting, can still be
accessed by converting a “D” format input file to “W” format using the XCIF3 and XCIF6
utilities for EQ3NR and EQ6 input files, respectively. Because “W” format is deprecated, it will
not be described here except to note that it is very similar to the Version 7 equivalent.

3.2.1 Input and Output Default Values

Following the usual rules of Fortran, blank inputs are treated as blanks for strings and zeros for
numbers. In certain instances, zero values for numbers are overridden by internal non-zero
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defaults. The number of instances where non-zero defaults may be provided in EQ3NR and EQ6
input files has deliberately been kept small. In general, such instances are restricted to a handful
of numerical control parameters including convergence tolerances and limits on iteration
numbers in convergence processes. In the descriptions of the EQ3NR and EQ6 input files given
below, the values of any non-zero defaults will be noted. Otherwise, there are no defaults. When
EQ3NR and EQ6 run, they write values for all relevant parameters, including assumed defaults,
on their OUTPUT files (.30 files for EQ3NR, .60 files for EQ6).

3.2.2 Input FilePProcessing and Error Control

Both EQ3NR and EQ6 write on their OUTPUT files a line-by-line echo of the input file as they
read it. This facilitates locating any errors on the input file, as the last line successfully read and
processed is included in this echo. The lines on the menu-style input files are read as 80-
character strings, which precludes read format errors at this stage. Read format errors can
potentially occur when data are read from the relevant input fields. However, any such errors are
trapped by the program, which then handles its own error processing. Users thus see EQ3/6 error
messages, not standard Fortran error messages.

All EQ3/6 error messages (not just those related to input file processing) are complete messages
in transparent English, normally consisting of 1 to 5 sentences. An example is:

* Error - (EQBNR/intbs3) The species Salicylic_acid(aq) is
on the input file, but it isn't on the supporting data file.

Cryptic error codes and the like are eschewed. It is presumed that the user understands the
concepts necessary to understand these messages, such as what is a computer file, what are
auxiliary basis species and how are they used, and what species names may appear on an input
file. There is a small possibility that the user may encounter a system error message. Any
message that seems to be in “computer-ese” is probably a system message.

EQ3/6 messages related to the input file, like such messages more generally, fall into three
categories: errors, warnings, and notes. When an input file is being processed, messages of any
of these three types may be generated. Errors are just that, and will at some point (not necessarily
immediately) lead to run termination. Warnings indicate conditions that the user should examine
to see if these might be actual errors. Notes indicate conditions that the user should at least know
about. An error message will contain the string “Error” (as in the example shown above), a
warning the string “Warning”, and a note the string “Note”. Warnings and notes follow the same
format as error messages.

3.3 THE EQ3NR INPUT FILE

The following is an example of an EQ3NR input file (in menu-style or “D” format). This is the
file swmaj.31 from the EQ3NR test case library. This is presented here in its entirety (occupying
about four pages) to better acquaint the reader with the overall form. The various parts of this
input file, which is a reasonably typical example, will be discussed below. Note that the file
begins and ends with a separator line. Separator lines are never doubled up. Labels are included
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in all instances to provide cross-references to code variable names. Some of the important code
variable names are presented in bold type in this Section and in Appendices B and D.

| E@BNR i nput file nane= swngj . 3i

| Description= "Sea water, nmjor ions only"

| Version |level= 8.0

| Revi sed 02/ 14/ 97 Revisor= T.J. Wlery

| This is part of the EQ3/6 Test Case Library

|
| Sea water, including only the major ions. This is a considerably

| par ed-down version of swst.3i, which contains the full benchmark sea water
| test case of Nordstromet al. (1979, Table I11).

|

I

|
I
|
|
I
|
|
_ _ |
Purpose: to test the code on a snall probleminvolving a noderately |

| concentrated solution, using the B-dot equation to calculate the activity |
| coefficients of the agueous species. Input file swmjd.3i runs the sane |
| probl em using the Davi es equation instead of the B-dot equation. Input file |
| swmgj p. 3i runs the sane problemusing Pitzer's equations. |
I

[

I

I

|

|

I

Ref er ences

Nordstrom D.K., et al., 1979, A conparison of conputerized chenical nodels
for equilibriumcalculations in aqueous systens, in Jenne, E A, editor,
Cheni cal Modeling in Aqueous Systens, ACS Synposium Series, v. 93,
Anerican Chenical Society, Washington, DC, p. 857-892.

| Speci al Basis Switches (for nodel definition only) | (nsbswt) |
| = o |
| Repl ace | None | (usbsw(1,n)) |
| wi th | None | (usbsw(2,n)) |
| <o |
| Tenperature (C | 2.50000E+01| (tenpc) |

| Pressure option (jpres3): |
| [x] ( O) Data file reference curve val ue |
| [ ] ( 1) 1.013-bar/steamsaturation curve val ue |
| [ 1 ( 2) Value (bars) | 0.00000E+00| (press) |

| Density (g/cnB) | 1.02336E+00| (rho) |
I

| Total dissolved solutes option (itdsf3): |
| [x] ( 0) Value (ng/kg.sol) | 0.00000E+00| (tdspkg) |
| [ ] ( 1) Vvalue (ng/L) | 0.00000E+00| (tdspl) |
| o |
| El ectrical balancing option (iebal3): |
| [x] ( 0) No balancing is done |

| [ 1 ( 1) Balance on species | None | (uebal) |
| < |
| Default redox constraint (irdxc3): |
| [ 1 (-3) Use @Q2(g) line in the aqueous basis species bl ock |
| [ 1 (-2) pe (pe units) | 0.00000E+00| (pei) |
| [x] (-1) Eh (volts) | 5.00000E-01| (ehi) |
| [ 1 ( 0) Log fO2 (log bars) | 0.00000E+00| (fo2lgi) |
| [ 1 ( 1) Couple (aux. sp.) | None | (uredox) |
| == o oo |
| Aqueous Basi s Speci es/ Constrai nt Species | Conc., etc. |Units/Constraint]|
| (uspeci (n)/ucospi(n)) | (covali(n))|(ujf3(jflgi(n)))]
| Na+ | 1.07680E+04| ng/ kg. sol |
| K+ | 3.99100E+02| ng/ kg. sol |
| Cat+ | 4.12300E+02| ng/ kg. sol |
| My++ | 1.29180E+03| ng/ kg. sol |
| H+ | 8.22000E+00| pH |
| HCCB- | 2.02200E-03| Mol ality |

| 1 I

. 93530E+04| ng/ kg. sol

10813-UM-8.0-00 29 January 2003



| 2.71200E+03| ng/ kg. sol

Mol arity

Al k., eqgl/kg. H20
Al k., ng/L CaCO3
Log act conbo
pH

Hono. equil .

| SOH4- -

* Valid jflag strings (ujf3(jflgi(n))) are:
* Suppr essed Mol ality

* nmg/ L ng/ kg. sol

* A k., eqg/L Al k., eq/kg.sol

* Al k., ng/L HCOB- Log activity

* Log nmean act pX

* pHA Hetero. equil.

* Make non-basi s

no exchanger creation blocks followon this file.
| Option: on further processing (witing a PICKUP file or running XCON3 on the
| east one such bl ock (ggexsh):

| Advi sory:

| present file), force the inclusion of at
| [1 (.true.)
| on Exchanger Conpositions | (neti)

| --->| None

| Sol'id Sol uti on Conpositions | (nxti)
| Solid Solution | None

| - >| Conponent | Mol e frac.

| - >| None

(umem (i, n),

(ugexsi (i,j,n),

egexsi (i,j,n))

—_—_———— - — —— — — — — — — — % % % % % * * * k==

xbari (i, n)) [

| Speci es
| (uxnod(n)

)

| Option

| Alter value |

| (ukxm(kxmod(n)))| (x| kmod(n))|

Valid alter/suppress strings (ukxnm(kxmod(n))) are:
Suppr ess

*
* Augnent G
*
| mar ks default choices)

| opt Model

Option Switches ("( 0)"

Repl ace

Solid Sol utions:

I gnore
Perm t

Augnent LogK

Auto Basis Switching in pre-N-R Optimization:

Turn of f
Turn on

PI CKUP File Options:

Don't wite a PICKUP file

Wite a PICKUP file

Advanced EQ3NR PI CKUP File Options:

Wite a nornal

10813-UM-8.0-00

EQBNR PICKUP file

Wite an EQ6 INPUT file with Quartz dissolving,
Wite an EQ6 INPUT file with Al bite dissolving,
Wite an EQ6 INPUT file with Fluid 1 set up for fluid mXxing
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TST rate | aw
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| iopg(1l) - Aqueous Species Activity Coefficient Mdel:

| [ ] (-1) The Davies equation

| [x] ( 0) The B-dot equation

| [ 1 (1) Pitzer's equations

| [ 1 ( 2) HC + DH equations

| ______________________________________________________________________________
|iopg(2) - Choice of pH Scale (Rescales Activity Coefficients):

| [ 1 (-1) "Internal" pH scale (no rescaling)

| [x] ( 0) NBS pH scal e (uses the Bates-Guggenhei m equati on)

| [ ] ( 1) Mesmer pH scale (nunerically, pH = -log n(H+))

|lopr Print Option Switches ("( 0)" nmarks default choices)

| =
|iopr(1l) - Print Al Species Read fromthe Data File:

| [x] ( 0) Don't print

| [1 (1) Print

| == == m e el
|iopr(2) - Print Al Reactions:

| [x] ( 0) Don't print

| [ ] (1) Print the reactions

| [ ] ( 2) Print the reactions and | og K val ues

| [ 1 ( 3) Print the reactions, log K values, and associ ated data

| - m
|iopr(3) - Print the Aqueous Species Hard Core Di aneters:

| [x] ( 0) Don't print

| [ 1 (1) Print

| - s m
|iopr(4) - Print a Table of Aqueous Species Concentrations, Activities,

| [ ] (-3) Ont species with nolalities < 1.e-8

| [ 1 (-2) Onit species with nolalities < 1.e-12

| [ 1 (-1) Onit species with nolalities < 1.e-20

| [x] ( 0) Onit species with nolalities < 1.e-100

| [ ] (1) Include all species

| === o m il
|iopr(5) - Print a Table of Aqueous Species/H+ Activity Ratios:

| [x] ( 0) Don't print

| [ ] (1) Print cation/H+ activity ratios only

| [ ] ( 2) Print cation/H+ and anion/H+ activity ratios

| [ 1 ( 3) Print ion/Ht activity ratios and neutral species activities

| s
|iopr(6) - Print a Table of Aqueous Mass Bal ance Percent ages:

| [ ] (-1) Don't print

| [x] ( 0) Print those species conprising at |east 99% of each nass bal ance

| [ 1 (1) Print all contributing species

| ______________________________________________________________________________
|iopr(7) - Print Tables of Saturation Indices and Affinities:

| [ 1 (-1) Don't print

| [x] ( 0) Print, onmtting those phases undersaturated by nore than 10 kcal

| [ 1 (1) Print for all phases

| ______________________________________________________________________________
|iopr(8) - Print a Table of Fugacities:

| [ 1 (-1) Don't print

| [x] ( 0) Print

| ______________________________________________________________________________
|iopr(9) - Print a Table of Mean Mdlal Activity Coefficients:

| [x] ( 0) Don't print

| [1 (1) Print

| = mm
|iopr(10) - Print a Tabulation of the Pitzer Interaction Coefficients:

| [x] ( 0) Don't print

| [ ] (1) Print a summary tabul ati on

| [ 1 ( 2) Print a nore detailed tabul ation

| s
|iopr(17) - PICKUP file format ("W or "D'):

| [x] ( 0) Use the fornmat of the INPUT file

| [ 1 (1) Use "W fornat

| [ 1 ( 2) Use "D' fornat

Print General Diagnostic Messages:

liodb(1) -
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[x] ( 0) Don't print
[ 1 (1) Print Level 1 diagnostic nmessages
[ 1 ( 2 Print Level 1 and Level 2 diagnostic nmessages
iodb(3) - Print Pre-Newton-Raphson Qptinization |Information:
[x] ( 0) Don't print
[ '] (1) Print sunmary infornation
[ 1 (2) Print detailed information (including the beta and del vectors)
[ 1 ( 3) Print nore detailed information (including matrix equations)
[ 1] ( 4) Print nost detailed information (including activity coefficients)
iodb(4) - Print Newton-Raphson Iteration Information
[x] ( 0) Don't print
[ 1] (1) Print sunmary infornation
[ 1 (2) Print detailed information (including the beta and del vectors)
[ 1 ( 3) Print nore detailed information (including the Jacobian)
[ 1 ( 4) Print nost detailed information (including activity coefficients)
iodb(6) - Print Details of Hypothetical Affinity Calculations
[x] ( 0) Don't print
[ 1 (1) Print summary information
[ 1 (2) Print detailed information
Nunerical Paraneters
Bet a convergence tol erance | 0.00000E+00| (tolbt)
Del convergence tol erance | 0.00000E+00| (toldl)
Max. Nunber of N-R Iterations | 0 | (iternx)
Ordinary Basis Switches (for nunerical purposes only) | (nobswt)
Repl ace | None | (uobsw(1,n))
with | None | (uobsw(2,n))
Sat. flag tol erance | 0.00000E+00| (tol spf)

Agq. Phase Scale Factor | 1.00000E+00| (scamas)

The elements of an EQ3NR input file are:

- Title

- Special basis switches

- Temperature

- Pressure option

- Density

- Total dissolved salts (TDS) option

- Electrical balancing option

- Redox option

- Basis species constraints (concentrations, etc.)

- lon exchanger creation flag
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- If'the above flag is set to true: lon exchanger creation blocks (one or more)
- Ion exchanger compositions

- Solid solution compositions

- Alter/suppression options

- lopt (model) options

- lopg (activity coefficient) options

- lopr (print) options

- Iodb (debug print) options

- Numerical parameters

- Ordinary basis switches

- Saturation flag tolerance

Aqueous phase scale factor

We will consider these in order.

3.3.1 Title

The title block is intended to allow the user to document the problem defined on the input file. In
the present example, the title is:

| EQBNR i nput file nane= swngj . 3i

| Description= "Sea water, nmajor ions only"

| Version |level= 8.0

| Revi sed 02/ 14/ 97 Revisor= T.J. Wlery

| This is part of the EQ3/6 Test Case Library

|
| Sea water, including only the major ions. This is a considerably

| par ed-down version of swst.3i, which contains the full benchmark sea water
|test case of Nordstromet al. (1979, Table I11).

|

I

Purpose: to test the code on a snall probleminvolving a noderately
| concentrated solution, using the B-dot equation to calculate the activity
| coefficients of the agueous species. Input file swmjd.3i runs the sane
| probl em using the Davi es equation instead of the B-dot equation. Input file
| swej p. 3i runs the sane problemusing Pitzer's equations.

10813-UM-8.0-00 33 January 2003



Ref er ences

|
|
| Nordstrom D.K., et al., 1979, A conparison of conputerized chenical nodels
| for equilibriumcalculations in aqueous systens, in Jenne, E. A, editor,

| Chemical Mdeling in Aqueous Systens, ACS Synposium Series, v. 93,
| American Chem cal Society, Washington, DC, p. 857-892.
|

Note that the header is separated from the main body by a separator line, a common but not
universal practice. The format of the first three lines should be followed exactly. The first line
includes the name of the input file, the second contains an abbreviated description of the
problem, and the third notes the version level. XCIF3 and XCIF6 use the version level line as a
quick means of identifying the level. The format of the fourth line, intended to identify the date
and the input file creator/reviser, is recommended, but not necessary. The fifth line here
identifies this file as a member of the test case library. If this file is used as a template for an
ordinary file, the user should remove this line, or at least the words, “This is part of the EQ3/6
Test Case Library,” as the user’s input file will not be a member of that library. The remaining
lines should be used to describe the problem being defined, along with any pertinent references.
If the data entered on this input file are associated with any data tracking numbers (DTNs), this is
a good place to note those numbers. The number of lines in the main body of a title is not fixed,
but may not exceed 200. This is a static dimension.

3.3.2 Special Basis Switches

The next block allows specification of special basis switches. A special basis switch is one in
which a strict basis species and a corresponding auxiliary basis species exchange roles. The net
effect is as though they had the new roles on the supporting data file. In the present example, the
block is:

| Speci al Basis Switches (for nodel definition only) | (nsbswt) |
| oo e |
| Repl ace | None | (usbsw(1,n)) |
| with | None | (usbsw(2,n)) |

This is not an interesting case, as no switches are specified. The following modification would
replace NHj3(aq) in the strict basis set with NO;:

|
| Speci al Basis Switches (for nodel definition only) | (nsbswt) |

| o |
| Repl ace | NH3(aq) | (usbsw(1,n)) |
|  with | NOB- | (usbsw(2,n)) |

Multiple switches can be specified by repeating as necessary the “Replace” and “with” lines in
the main body of this block; e.g.,
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|
| Speci al Basis Switches (for nodel definition only) | (nsbswt) |
| <o |

L e e
Wi t - usbs ,n

| Repl ace | Fe++ | (usbsw(1,n)) |

| with | Fe+++ | (usbsw(2,n)) |

| Repl ace | Cr O4- - | (usbsw(1,n)) |

| with | Cr+++ | (usbsw(2,n)) |

The roles defined by special basis switching apply to the interpretation of all subsequent inputs
on the input file. Note that special basis switching may affect model definition, due to the way
that mass balances are defined for basis species. This will be addressed below in the discussion
of the basis species constraint block. There is no set limit to the number of special basis switches,
but they may not exceed the number of basis species on the supporting data file that is employed
in the calculation.

3.3.3 Temperature

Next comes the temperature block, which is quite simple and was discussed previously (Section
2.4.1) as an example of input file blocks:

3.34 PressureOption

This is followed by the pressure option block:

| Pressure option (jpres3):

| [x] ( O) Data file reference curve val ue

| [ ] (1) 1.013-bar/steamsaturation curve val ue
| [ 1 ( 2) Value (bars) | 0.00000E+00| (press)

The default option (checked here) sets the pressure at the reference curve value for the data file
employed. For the data files most commonly used, this corresponds to the 1.013-bar/steam-
saturation curve, though some data files have other reference pressure curves (commonly a fixed
pressure at all temperatures, such as 500 bars, 1 kb, 2kb, or 5kb). Option 1 is intended to allow
the 1.013-bar/steam-saturation curve to be used with a data file that has a different reference
pressure curve, although it might be used for a file that uses the same curve for its pressure
reference. Options 1 and 2 should be used only with data files that support thermodynamic
pressure corrections, such as the “shv”, “500”, “1kb”, “2kb”, and “5kb” data files. Note that the
commonly used cmp, hmw, sup, ymp, and ypf data files do not support pressure corrections.
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3.3.5 Densty

Next is the density block:

The density of the aqueous solution is used to convert volumetrically based units of
concentration (e.g., mg/L, molarity) to molality. The default value is 1.0 g/cm’.

3.3.6 Total Dissolved Salts (TDS) Option

The total dissolved solids (TDS) block follows:

| Total dissolved solutes option (itdsf3): |
| [x] ( 0) Value (ng/kg.sol) | 0.00000E+00| (tdspkg) |
| [ 1 (1) Value (ng/lL) | 0. 00000E+00| (tdspl) |

Only one of two possible entries may be used, as determined by the checkmark. If TDS in mg/L
is used, the code converts it to TDS in mg/kg.sol (mg/kg of solution). That in turn is used in
converting concentrations in molarity, mg/L, and mg/kg.sol to molalities. The default value of
TDS in mg/kg.sol (used in such conversions) is zero. For a discussion of the conversion of other
units of concentration to molality, see Appendix B.1.2.

3.3.7 Electrical Balancing Option

Next comes the electrical balancing option:

| El ectrical balancing option (iebal3): |
| [x] ( 0) No balancing is done |
| [ ] ( 1) Balance on species | None | (uebal) |

In the case of simple speciation-solubility calculations using real water analyses, balancing is not
recommended. The code will then calculate the apparent electrical imbalance. A large calculated
electrical imbalance may indicate incomplete or erroneous chemical analysis, or a mistake on the
user’s part in interpreting reported analytical results. A common trap is thinking that “HCO3
mg/L” is the mg/L of HCO;", when in standard drinking water analytical procedure this is
actually the HCO3 alkalinity in equivalent mg/L of CaCO; (See Appendix B.1.3.5).

Electrical balancing is specified by marking the appropriate checkbox and providing the name of
the basis species on which balancing is to be made. The input concentration (or pH in the case of
balancing on H") is then adjusted to achieve an electrically balanced solution model. Electrical
balancing is appropriate when using the code to solve certain kinds of problems, for example,
what is the pH at a certain temperature of pH buffer solution. Electrical balancing can also be
done as an arbitrary means of correcting for the cumulative effects of small analytical errors. It is
generally wise to electrically balance a model aqueous solution before using EQ6 to simulate a
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process such as evaporation, where the amount of solvent water may become quite small. In such
a case, the charge imbalance would be fixed, but would become large relevant to the amount of
remaining water. Electrical balancing on a given species may fail because the concentration of
that species would have to be less than zero. The code will normally diagnose this for the user. If
this happens, the user should then try balancing on an ion of opposite charge.

Here is an example of the input block where electrical balancing on the chloride anion is
specified:

| El ectrical balancing option (iebal3): |
| [ ] ( 0) No balancing is done |
| [x] ( 1) Balance on species |d - | (uebal) |

3.3.8 Redox Option

This is followed by the redox option:

| Default redox constraint (irdxc3): |
| [ 1 (-3) Use @@2(g) line in the aqueous basis species bl ock |
| [ 1 (-2) pe (pe units) | 0. 00000E+00| (pei) |
| [x] (-1) Eh (volts) | 5.00000E-01| (ehi) |
| [ ] ( 0) Log fO2 (log bars) | 0.00000E+00| (fo2lgi) |
| [ 1 ( 1) Couple (aux. sp.) | None | (uredox) |

Internally, the code uses the log oxygen fugacity (log fO,) as the primary redox variable. A value
may be directly specified. The redox potential (Eh) is also common in geochemical modeling.
Note that the value must be entered in volts, not millivolts. Eh values are more commonly
reported in millivolts. The “pe” or electron activity function (intended to be analogous to pH) is
much less commonly used, but can be used as an input to EQ3NR. The “-3” option shown above
can be used to specify the log fO, as the concentration for the fictive basis species O(g) on a line
in the basis species constraint block, which follows the present block. The “1” option allows the
log O, to be calculated from data for a redox couple such as Fe*'/Fe**. One of the members of
the couple must be an auxiliary basis species whose reaction links it to the other species (usually
a strict basis species, but it could be another auxiliary basis species). The former species must be
named on the “Couple (aux. sp.)” line. On most supporting data files, Fe’” is an auxiliary basis
species linked to Fe**. The redox option block for using this couple would then be:

| Defaul t redox constraint (irdxc3): |
| [ ] (-3) Use @2(g) line in the agueous basis species bl ock |
| [ ] (-2) pe (pe units) | 0.00000E+00| (pei) |
| [ 1 (-1) Eh (volts) | 5.00000E-01| (ehi) |
| [ 1 (0) Log fO2 (log bars) | 0.00000E+00| (fo2lgi) |
| [x] ( 1) Couple (aux. sp.) |Fe+++ | (uredox) |

To complete the option, concentrations or alternative constraints must be placed on both
members of the couple in the basis species constraint block. For further discussion of redox
options in EQ3NR, see Appendix B.1.3.6 and Appendix B.4.8.12-B.4.8.14.
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3.3.9 Basis Species Constraints

The basis species constraint block then follows. In the present example, this is:

| Agueous Basi s Speci es/ Constraint Species | Conc., etc. |Units/Constraint|
| (uspeci (n)/ucospi(n)) | (covali(n))|(ujf3(jflgi(n)))]|
| Na+ | 1.07680E+04| ng/ kg. sol |
| K+ | 3.99100E+02| ng/ kg. sol |
| Cat++ | 4.12300E+02| ng/ kg. sol |
| My++ | 1.29180E+03| ny/ kg. sol |
| H+ | 8.22000E+00| pH |
| HCCB- | 2.02200E-03| Mol ality |
| d - | 1.93530E+04| ng/ kg. sol |
| SO4- - | 2.71200E+03| ny/ kg. sol |

______________________________________________________________________________ |
* Valid jflag strings (ujf3(jflgi(n))) are: *
* Suppr essed Mol ality Mol arity *
* ny/ L ng/ kg. sol Al k., eql/kg. H20 *
* Al k., eq/L Al k., eq/kg. sol Al k., ng/L CaCO3 *
* Al k., ng/L HCO3- Log activity Log act conbo *
* Log nean act pX pH *
* pHC Hetero. equil. Honmo. equil. *
* Make non-basi s *

This block is used to specify concentrations or alternative constraint inputs for the basis species
appearing in the problem (apart from H,O and, usually, the fictive aqueous species O(g)). To
know what are the basis species on a given supporting data file, consult the “slist” file produced
by the EQPT data file preprocessor, or directly examine the relevant “data0” form of the data
file. The fictive aqueous species O»(g) can appear in this block if the “—3” redox option switch
discussed above is checked. However, this is not usually done.

If a chemical element is present in the model solution, it is generally represented by the
corresponding strict basis species. Thus, 2.0 mg/L Fe in an analysis would normally be
interpreted (and input to the code) as 2.0 mg/L Fe*". The user may treat an auxiliary basis species
in one of two ways. It can be used as an active basis species by treating it as such in the basis
species constraint block (e.g., by specifying a concentration or other constraint for it).
Alternatively, it can be treated as a dependent (non-basis) species. This is the default condition
(when no corresponding concentration or alternative constraint is applied).

This block consists of three parts. A header label comes first, and that is separated from the main
body by a separator line. In the main body, the input line for each basis species in the main body
contains three fields. The first contains the basis species name, the second an associated number
(usually a concentration of some kind), and a string defining the type of constraint to apply. Thus
for Na', a concentration of 10768.0 mg/kg.sol is specified. The possible strings appear below the
main body in a group of comment lines. When such string inputs are required, such comment
lines are generally found immediately below. If these types of comment lines (which are also
used for other kinds of input line blocks) are missing from a file, they can be added by
“prettifying” the file with XCIF3 or XCIF6 (Section 2.3).

The main body of the above block may include as few or as many basis species as desired,
though the names in the list must match basis species found on the supporting thermodynamic
data file that is used. In fact, the Version 8 code allows a non-basis species on that file to be
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promoted to basis species status simply by including it as such on the input file. It can have no
dependent species. This capability may be useful for example for the odd organic species. In any
event, the number of lines in the main body in the above example is not fixed; such lines may be
added or deleted as needed. Note that a line can be retained for future reference by turning it into
a comment line.

Most of the string options shown above simply define the unit of concentration matching the
number that is given in the second field. For a discussion of such units, see for example
Appendix B.1.2; brief summaries of the concentration units are given in Table 1. In certain
instances, analytical data may be reported in a form that requires stoichiometric corrections (see
Section 2.1.1.3) to match the basis species present on the supporting data file used (e.g., mg/L Si
to mg/L Si0y).

Table 1. Brief Definition of Concentration Units Usable in EQ3/6

Conceﬁt?ast/i?)n Unit Equivalent Unit(s) Definition

Molality mg/kg.sol Milligrams solute per kilogram of water solvent
Molarity mg/L Milligrams solute per liter aqueous solution

pX —(Log activity) —logqe(activity of species X)

For a detailed discussion of other types of constraints that may be placed on basis species, see
Appendix B.1.3.3-B.1.3.5. Note that any type of alkalinity constraint can only be applied to
HCOs". For a discussion of alkalinity and its various forms, see Appendix B.1.3.5. New to the
Version 8 code is the ability to input alkalinity in units of equivalent ppm CaCOs. Similarly, pH
can only be applied to H'. Note that pX is analogous to pH, and applied to H', it is the pH.
Applied to “X”, it is pX [e.g., for CI', it is pCl = —log a(Cl)].

The “Suppressed” option can only be applied to auxiliary basis species. This is equivalent to
entering a zero concentration for such a species. When an auxiliary basis species is suppressed in
this manner, it and its dependent species are eliminated from the calculated model. When the
“Suppressed” option is employed, the field where a concentration is input is ignored. If this
option is employed for a strict basis species, an error message is generated.

If no input is made for an auxiliary basis species, it is treated by default as a dependent species
(usually of a strict basis species, but possibly of another auxiliary basis species, depending on the
linking defined by the associated reaction on the supporting data file). Using the “Make non-
basis” option does the same thing, albeit more explicitly. This option can only be applied to an
auxiliary basis species. If this option is employed for a strict basis species, an error message is
generated.

There is an asymmetry between strict and auxiliary basis species in the way that mass balances
are treated. Consider the case of N species, assuming that NH3(aq) is the strict basis species and
NO;™ and NO, are the only auxiliary basis species. If a total concentration or equivalent
constraint is provided for NH;(aq) but not for the other two, the mass balances for the other two
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(which are treated as non-basis species) are folded into that for the NH3(aq). From an analytical
chemistry point of view, this treatment makes little sense for a non-metallic element like
nitrogen, though it would ordinarily be quite sensible for a metallic element like Fe. Nitrate and
nitrite are not some form of ammonia, so this treatment in a speciation/solubility calculation may
be problematic unless the contributions from these species are very small. Ordinarily, the user
should enter separate concentrations or equivalent constraints for auxiliary basis species of non-
metallic elements, suppress them, or at the very least check the calculated speciation for
sensibility (e.g., has most or all the ammonia been “converted” to nitrate?)

The asymmetry affect comes in to play if a concentration or equivalent input is made for an
auxiliary basis species but not for the corresponding strict basis species. The mass balance for the
strict basis species is not folded into that for the auxiliary basis species. Nor are the mass
balances for any other auxiliary basis species folded in unless those species are linked on the
supporting data file directly to the auxiliary basis species in question via their associated
reactions. If the user defines a model for which a strict basis species is “cut out” of the model,
the EQ3NR will issue a warning message. Because special basis switching can exchange the
roles of strict and auxiliary basis species, it is thus capable of affecting the model definition.

The “Log act combo” and “Log mean act” options apply to alternative constraints for an ionic
basis species for which the number entered in lieu of a concentration corresponds to a combined
thermodynamic activity function involving the ion and a specified ion of opposite charge. The
Appendix B.1.3.4 discusses such functions, which apply to electrically neutral combinations of
ions. An example of a “Log act combo” (log activity combination) is log a(Ca>") + 2 log a(CI"),
which could be used to constrain either Ca’" or CI". An example of “Log mean act” (log mean
activity) is log a.(CaCl,). Because the ion of opposite charge must be defined as part of the
constraint, an extra line appears in the main body of the basis species constraints block. The
following lines, taken from the EQ3NR test case library input file swimahcl.3i, illustrate the use
of the “Log mean act” option applied to H+:

| H+ | -4. 33610E+00| Log mean act |
[-> Q- | (ucospi(n)) I

Here the “| - >| ” on the second line serves to suggest indentation and a subordinate role to the
line immediately above. Note that for a constraint of this type, a separate input must be made for
the ion of opposite charge. In the present example, that line was:

| d - | 1. 93530E+04| ng/ kg. sol |

The “pHCI” option involves a similar type of quantity (pHCl = pH + pCl). However, this option
may only be applied to H". A second line to specify the ion of opposite charge is unnecessary, as
its identity is implicit in the definition of the quantity.

The “Homo. equil.” (Homogeneous equilibrium) option can only be applied to auxiliary basis
species (else the code generates an error message). The case is illustrated by the following
situation. Suppose an aqueous solution contains both SO,*” and HS™. An analytical technique
measures the total concentration of the former, which is a strict basis species. This measurement
excludes any contributions from the latter and any of its dependent species (such as H>S(aq)). No
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measurement is available for the total concentration of HS™, which happens to be an auxiliary
basis species.

The total and individual concentrations of HS  can be calculated from the input total
concentration for SO4* plus an input value for a redox variable (normally the log oxygen
fugacity). When the input total concentration of SO4* is distributed between SO,* and its
dependent species, HS™ and its dependent species are not included in the associated mass
balance. Rather, they are included in a separate mass balance. This option does not require an
extra line of input. Rather, it uses the reaction associated with HS™ on the supporting data file.
Normally this reaction is one of oxidation of HS™ to SO42_. If the reaction did not involve SO42_,
the HS™ would be calculated from what does appear in this reaction.

The “Hetero. equil.” (Heterogeneous equilibrium) option may be applied to any type of basis
species. Equilibrium may be specified with either a mineral or a gas species. The basis species
must appear in the reaction associated with the mineral or gas. A second input line is required to
specify the identity of the mineral or gas. If a gas is used, the log fugacity must be entered in the
“concentration” field. Otherwise, any number in the “concentration” field is ignored. In the
following example (taken from the EQ3NR test case library input file swco2.31), the
concentration of HCOs is constrained by a log fugacity of —3.5 for CO,(g).

| HCOB- | - 3. 50000E+00| Hetero. equil. |
| ->| Co2(9) | (ucospi(n)) |

If equilibrium with a mineral, say calcite, were desired instead, one would change the above to:

| HCGB- | 0. | Hetero. equil. |
|->| Calcite | (ucospi(n)) |

This example would also require an input for Ca®" in the basis species constraints block.

If the basis species does not appear in the reaction for the specified mineral or gas, the code
writes an error message. A solid solution may be used as a specified mineral. In such a case, the
basis species need appear only in the reaction associated with at least one end-member. The
composition of the solid solution must be defined in terms of the mole fractions of the end-
members. However, this specification is made in another type of input block. If a solid solution
is used in this manner and the necessary composition is not in the input file, the code generates
an error message.

3.3.10 lon Exchanger Creation Flag

The next block contains a flag noting whether one or more ion exchanger creation blocks follow
on this file. Such a creation block is rather long, and it was decided that it would be better to not
require an unused block as a minimal element of an input file. The flag block has the following
form:
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| Advi sory: no exchanger creation blocks follow on this file. |
| Option: on further processing (witing a PICKUP file or running XCON3 on the |
| present file), force the inclusion of at |east one such block (qgexsh): |

I

I [ 1 (true)

Note that there is a checkbox for whether or not one or more creation blocks follow. If an input
file named say abc.3i has this box unchecked and it is desired to add a blank creation block to the
file, simply checking the box and running it through XCIF3 as follows:

>xcif3 8 8 D abc. 3i

will put the blank creation block in the file.

3.3.11 lon Exchanger Creation Blocks

If the box noted above is checked, one or more ion exchanger creation blocks follow. In the
current example, that box is not checked and no such creation blocks are present. A block will be
presented and discussed here, however. The following simple example is taken from the EQ3NR
test case library input file swv1sx.31:

| Exchanger phase | Exchanger 1 | (ugexp(n))

|->IMWl. w. (2 | 100.00 | (msges(m)
| M Bcchange model [vamselow 1 tugeam(nyy T
SRer tem. (01 2000 1 (tgexpmy T

| ______________________________________________________________________________
| ->| Exchange site |Site A | (ugexj(j,n))
| -

I
I
I
I
I
I
I
I
I
|
| --->|] Stoich. nunber | 1.0000 | (cgexj(j,n)) |
R e P PERERREPEE |
|--->|Electr. charge | -1.0000 | (zgexj(j,n)) |
R L e e e P L EERTICEETRDEPERE |
| --->] Reacti on | Ca++ = Na+ | (ugexr(i,j,n) |
R RRGEREEEEEEEEEE |
[----- >| Paranet er | Val ue |Units | (this is a table header) |
R et R e R A e T Co A RGER R |
| ----- >| K func. | 3.00000E+00| LogK/eq | (xIkgex(i,j,n), uxkgex(i,j,n)) |
[----- >| Del HOr | 0.00000E+00| kcal /eq | (xhfgex(i,j,n), uhfgex(i,j,n)) |
| ----- >| Del VOr | 0.00000E+00|cnB/eq | (xvfgex(i,j,n), uvfgex(i,j,n)) |
[ |
* Valid exchange nodel strings (ugexno(n)) are: *
* Vansel ow Gapon *
* Valid units strings (uxkgex(i,j,n)/uhfgex(i,j,n)/uvfgex(i,j,n)) are: *
* LogK/ eq kcal / eq kJ/ eq *
* cnB/ eq *

All the data in a creation block could be on a supporting data file instead. However, such a path
was not chosen due in part to the somewhat experimental nature of the models but also in part to
the wide range of possible exchangers.
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The first necessary input is a name for the exchanger phase. In the example given here, that is
simply “Exchanger 1. Next, a molecular weight is specified (the value here of 100 g/mole is
entirely arbitrary). After that, an exchange model type must be specified as one of several
allowed strings. The allowed strings are noted in “standard” comment lines below the main block
(note: when more than one creation block is present, these comment lines only appear after the
last such block). Currently the only choices are “Vanselow” and “Gapon”. For a discussion of
these models, see for example Viani and Bruton (1992) or Sposito (1989, pp. 182—-184). The
models are equivalent for homovalent exchange (e.g., Na" or K). For heterovalent exchange
(e.g., Na' for Ca*"), the Vanselow model is likely to be preferred (cf. Viani and Bruton, 1992).

A reference temperature for the thermodynamic properties is then required. This is normally
25°C, but could be any desired temperature.

The remainder of the main body of an ion exchanger creation block consists of one or more sub-
blocks, one for each exchange site. In the present example, there is only one exchange site, called
“Site A”. The stoichiometric number is the number of moles of this site per mole of exchanger
phase. The electrical charge is the charge number for the unfilled site. In the present example,
this is —1. Filling each instance of the site with a monovalent cation such as Na' then leads to
electrical neutrality.

Next follows one or more sub-sub-blocks for the possible exchange reactions. In the present
example, only one such reaction is present. The reaction is described in a shorthand, which in the
present example is “Ca”" = Na™. This implies the reaction in which Ca*" on the exchange site is
replaced by Na'. For each such reaction, a log K, enthalpy of reaction, and volume of reaction
function is entered. For each value, a unit’s string must be supplied. These strings are given in
standard comment lines below those for the exchange model types. Note that the three quantities
are defined on a per equivalent basis. The “K func.” input must always use the string “LogK/eq”.
The DelHOr (enthalpy) input can use either “kcal/eq” or “kJ/eq”, depending on the desired units.
The DelVOr (volume) input must use the “cm3/eq” string, as the units must be cm’/eq. The
number of generic ion exchanger phases is presently limited to 10. The number of sites (site
types) for a given such phase is 4. The number of species per such site is 12. These are static
dimensions.

3.3.12 lon Exchanger Compositions

The next block describes ion exchanger compositions. A blank block is required at a minimum
(e.g., whether or not any ion exchangers have been created). The blank form of the block is given
by:
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| Exchanger phase | None | (ugexpi(n)) |
|->[Moles/kg. O | 0.0000 | (cgexpi(m) |
3 Bxehange site Nene 1 (weexiGLmy T |
i333;ié;éh;h'g;';béé{;;""""|"EI{'%;;{cf"'|"ii'h{'s'{'s';{{;lg[;"h;;@'e;i """"" i

| --->|] None | 0.00000E+00| (ugexsi(i,j,n), egexsi(i,j,n)) |
|

The name must match that of a created ion exchanger phase. The amount of exchanger is
specified in moles/kg.H,O (“molality”’). A composition of each site in terms of exchange species
may then given (or not, as discussed below), using as many lines as are needed.

A real example is more helpful to further discussion. The following one is again taken from the
EQ3NR test case library input file swv1sx.3i:

| on Exchanger Conpositions | (neti) |
| oo o |
| Exchanger phase | Exchanger 1 | (ugexpi (n)) |

______________________________________________________________________________ |
| ->| Mol es/ kg. H20O | 0.10000 | (cgexpi(n)) |

| = |
| ->] Exchange site |Site A | (ugexji(j,n)) |
SRR RS |

| --->| Exchange speci es | Eq. frac. | (this is a table header) |
R PR |
| --->] Na+ | 0.00000E+00| (ugexsi(i,j,n), egexsi(i,j,n)) |
| --->| Cat+ | 0.00000E+00| (ugexsi(i,j,n), egexsi(i,j,n)) |

Here for “Exchanger 1” the only real input is a concentration of 0.1 moles/kg.H,O. The
composition of the exchange site is not defined (zeroes are entered). This requires some
explanation of what EQ3NR is expected to do in this instance. Essentially, the input for this
problem is sufficient to completely define the aqueous solution composition, including the
concentrations of aqueous Na" and Ca®*. The amount of exchange substrate is also defined. What
the code then does is calculate the composition of the exchange site (leaving the aqueous
concentrations of exchangeable ions undisturbed).

If a non-zero composition is entered for an exchange site, the code operates in a different manner
(thus solving a different problem). In that case, the specified composition rules, and the resulting
exchanger phase may be out of equilibrium with the aqueous solution. The code will then
calculate the degree of disequilibria.

A very important fact to keep in mind is that the model system created by EQ3NR consists of an
aqueous solution at a minimum, supplemented by ion exchanger phases if any are created and the
specified to be present in the system.
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3.3.13 Solid Solution Compositions

Next comes a very similar type of block for solid solutions. The blank form of this is:

| Solid Sol ution Conpositions | (nxti) |
solid soiwion  imene T ey T |
Somenent T Wble trae. | (inis is atabie headery |
Siene T voovoe00] (umem oy xbari Gomy |

Solid solutions must be defined (created) on the supporting data file. Note that one cannot
specify a mass or concentration for a solid solution, as one can for an ion exchanger phase.
EQ3NR does not create a model system in which any concentration or mass of solid solutions is
present. Entering a composition for a solid solution is useful for only two purposes. The first is to
allow the solid solution to be used in defining a “Hetero. equil.” constraint in the basis species
constraint block. The second is to facilitate the calculation of the degree of disequilibrium of
such a composition with the aqueous solution (which may be zero if enough “Hetero. equil.”
options are employed). The number of solid solutions for which such compositions may be
entered is limited to 50. This corresponds to a static dimension.

3.3.14 Alter/Suppression Options

Next comes the alter/suppress options block:

| Speci es | Option | Alter value |
| (uxnod(n)) | (ukxm(kxmod(n)))| (x| kmod(n))|
| None | None | 0. 00000E+00|

______________________________________________________________________________ |
* Valid alter/suppress strings (ukxnm(kxmod(n))) are: *
* Suppr ess Repl ace Augment LogK *
* Augnent G *
* *

This consists of a two-part header, a main body (here one line with “None” in the first field),
followed by a standard block of comment lines giving the strings that may be used in the second
field of a line in the main body.
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The following made-up example is more illustrative:

| Speci es | Option | Alter value |
| (uxnod(n)) | (ukxm(kxmod(n)))| (x| kmod(n))|
| Phenol (aq) | Suppr ess | 0. 00000E+00|
| Tridymite | Suppr ess | 0. 00000E+00|
| Quartz | Repl ace | - 3. 90000E+00|
| Acet at e | Augnent LogK | 0.10000E+00|
| For nat e | Augnent G | 1. 00000E+00|

______________________________________________________________________________ |
* Valid alter/suppress strings (ukxnm(kxmod(n))) are: *
* Suppr ess Repl ace Augnent LogK *
* Augnent G *

Here the aqueous species Phenol(aq) and the mineral Tridymite are suppressed. Phenol(aq)
therefore will not appear as a species in the computed EQ3NR model. However, EQ3NR does
not create model systems in which minerals are actually present, so the option for Tridymite has
no specific action here though, EQ3NR does pass on these options to EQ6. There, neither
Phenol(aq) nor Tridymite would be allowed to form. Here also the log K value for the reaction
associated with Quartz is replaced by the specified value (—3.9, in the third field on the Quartz
line). This value pertains to the current run temperature. Here the log K value for Acetate is
augmented by 0.1 units, and the log K for Formate is changed as if the Gibbs energy of Formate
were incremented by 1 kcal/mol.

The number of alter/suppress options is limited to 100. This corresponds to a static dimension.

3.3.15 lopt (Model) Options

Beginning here, there follows four consecutive “superblocks” of option switches, the “iopt”
model options (this subsection), the “iopg” activity coefficient options (§ 3.3.16), the “iopr” print
options(§ 3.3.17), and the “i0db” debugging print options(§ 3.3.18). The full sets of these option
switches are shared by EQ3NR and EQ6. Some pertain to both codes, others only to one or the
other. Only the ones that pertain to a code appear on a corresponding input file. Prior to the
version 8 code, EQ3NR and EQ6 had their own independent sets of these option switches.

The “iopt” model options superblock in the present example is given by:

|

| lopt Mbdel Option Switches ("( 0)" marks default choices) |
| = |
|iopt(4) - Solid Solutions: |
| [x] ( 0) Ignore |
| [ 1 (1) Permt |

pt (11) - Auto Basis Switching in pre-N-R Optim zation: |
[x] ( 0) Turn off |
[ 1] (1) Turn on |

|iopt(17) - PICKUP File Options: |
| [ 1 (-1) Don't wite a PICKUP file |
| [x] ( 0) Wite a PICKUP file |
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19) - Advanced EQ@NR PI CKUP File Options: |
( 0) Wite a normal EQNR PI CKUP file |
(1) Wite an EQG INPUT file with Quartz dissolving, relative rate law |
(2) Wite an EQ6 INPUT file with Albite dissolving, TST rate |aw |
( 3) Wite an EQ6 INPUT file with Fluid 1 set up for fluid mxing |

Only the four switches shown above pertain to EQ3NR. Solid solutions can be turned off or on
as desired. However, not all supporting data files contain any solid solutions. “Auto Basis
Switching in pre-N-R Optimization” should generally be turned off as shown. This option allows
automatic basis switching in the pre-Newton-Raphson stage of the calculations. The PICKUP
file (sample in Appendix C) option should be turned on if the user intends to feed the resulting
calculation model to EQ®6. If so, one of the “Advanced PICKUP File Options” may be helpful.
The “normal” PICKUP file corresponds to just the bottom half of an EQ6 input file (this will be
discussed later in regard to the EQ6 input file). Any of the advanced options results in the writing
of a full EQ6 input file. The resulting top half of it can then be used as a template. Option 3
works best when two EQ3NR problems are stacked on a single input file. The aqueous solution
in the first problem is then defined in the top half of the PICKUP file as a “reactant” to be
reacted (mixed) with the aqueous solution in the second problem.

3.3.16 lopg (Activity Coefficient) Options

This is followed by the “iopg” activity coefficient options superblock. In the present example,
this is given by:

iopg(l) - Aqueous Species Activity Coefficient Model:
(-1) The Davi es equation

( 0) The B-dot equation

( 1) Pitzer's equations

( 2) HC + DH equations

| iopg(2) - Choice of pH Scale (Rescales Activity Coefficients):
| [ 1 (-1) "Internal" pH scale (no rescaling)
I
I

[x] ( 0) NBS pH scal e (uses the Bates-Guggenhei m equati on)
[ 1 (1) Mesnmer pH scale (nunerically, pH = -log n(H+))

The first switch chooses the activity coefficient model. These activity models are explained and
defined in detail in Appendix B.2. It must be consistent with the chosen supporting data file, else
the code will issue an error message (actually, RUNEQ3 or RUNEQ6 will filter out any
inconsistent input files, such that they are not run, and then list them). Note that Option 2 (“HC +
DH equations™) is currently inoperative and is not a valid choice.

The second switch handles computed ionic activity coefficient scales for consistency with the
specified pH scale. Normally this should be the default (NBS pH scale). The “iopg” options are
also shared by EQ3NR and EQ6, as are the “iopr” and “iodb” options described below.
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3.3.17 lopr (Print) Options

After that is the “iopr” print options superblock. In the present example, this is given by:

|lopr Print Option Switches ("( 0)" marks default choices) |

| [x] ( 0) Don't print |
| [ ] (1) Print |

|iopr(2) - Print Al Reactions: |
| [x] ( 0) Don't print |
| [ ] (1) Print the reactions |
| [ ] ( 2) Print the reactions and | og K val ues |
| [ 1 ( 3) Print the reactions, log K values, and associ ated data |

|iopr(3) - Print the Agueous Species Hard Core Dianeters: |
| [x] ( 0) Don't print |
| [1 (1) Print |

|iopr(4) - Print a Table of Aqueous Species Concentrations, Activities, etc.: |
| [ ] (-3) Onit species with nolalities < 1.e-8 |
| [ 1 (-2) Onit species with nolalities < 1.e-12 |
| [ 1 (-1) Onit species with nolalities < 1.e-20 |
| [x] ( 0) Onit species with nolalities < 1.e-100 |
| [ 1 ( 1) Include all species |

iopr(5) - Print a Table of Aqueous Species/H+ Activity Ratios: |
[x] ( 0) Don't print |
[ 1 (1) Print cation/H+ activity ratios only |
[ 1T (2 Print cation/H+ and anion/H+ activity ratios |
[ 1 (3 Print ion/H+ activity ratios and neutral species activities |

|iopr(6) - Print a Table of Aqueous Mass Bal ance Percent ages: |
| [ 1 (-1) Don't print |
| [x] ( 0) Print those species conprising at |east 99% of each nass bal ance |
| [ ] (1) Print all contributing species |
| = o |
|iopr(7) - Print Tables of Saturation Indices and Affinities: |
| [ ] (-1) Don't print |
| [x] ( 0) Print, omtting those phases undersaturated by nore than 10 kcal |
| [ 1 (1) Print for all phases |

|iopr(8) - Print a Table of Fugacities: |
| [ 1 (-1) Don't print |
| [x] ( 0) Print |

|iopr(9) - Print a Table of Mean Mdlal Activity Coefficients: |
| [x] ( 0) Don't print |
| [ 1 (1) Print |

|iopr(10) - Print a Tabulation of the Pitzer Interaction Coefficients: |
| [x] ( 0) Don't print |
| [ ] (1) Print a summary tabul ati on |
| [ 1 (2) Print a nore detailed tabulation |

|iopr(17) - PICKUP file format ("W or "D"): |
| [x] ( 0) Use the format of the INPUT file |
| [1 (1) Use "W fornat |
| [ ] (2 Use"D' format [

These print switches are mainly used to control the degree of output generated by the code. In
most instances, the most pleasing results will be obtained by using the default values.
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3.3.18 lodb (Debug Print) Options

Next comes the “iodb” debugging print options superblock. In the present example, this is given

|iodb(1l) - Print CGeneral Diagnostic Messages:

| [x] ( 0) Don't print

| [ 1 (1) Print Level 1 diagnostic nessages

| [ 1 (2) Print Level 1 and Level 2 diagnostic nessages

|iodb(3) - Print Pre-Newt on-Raphson Optimni zation |nformation:

| [x] ( 0) Don't print

| [ 1 (1) Print summary infornation

| [ ] ( 2) Print detailed information (including the beta and del vectors)

| [ ] ( 3) Print nore detailed information (including matrix equations)

| [ 1 ( 4) Print nost detailed information (including activity coefficients)
| == = oo i
|iodb(4) - Print Newton-Raphson Iteration |Infornation:

| [x] ( 0) Don't print

| [ 1 (1) Print summary infornation

| [ 1 ( 2) Print detailed information (including the beta and del vectors)

| [ 1 ( 3) Print nore detailed information (including the Jacobi an)

| [ 1 ( 4) Print nost detailed information (including activity coefficients)
| === oo el
|iodb(6) - Print Details of Hypothetical Affinity Calcul ations:

| [x] ( 0) Don't print

| [ 1 (1) Print sunmary infornation

| [ 1 ( 2) Print detailed infornation

These option switches should be turned on only to assist debugging or to

observe numerical

convergence processes. If a run fails and no useful diagnostics are obtained (normally a rare
occurrence), the user should try setting the first switch to Option 1 or 2 and re-running the

problem.

3.3.19 Numerical Parameters

The next block contains values for some numerical parameters:

| Nunerical Paraneters

| Beta convergence tol erance | 0. 00000E+00| (tol bt)
| Del convergence tol erance | 0. 00000E+00| (toldl)
| Max. Nunber of N-R Iterations | 0 | (iternx)

Ordinarily, the user should accept the default values. The default for the two convergence
tolerances is 1 x 10°°. The default value for the maximum number of Newton-Raphson iterations
is 200. Should a run fail to converge, there is a rather limited possibility of coaxing it to work by
using larger values for these parameters. For example, one might try loosening the two
conversion tolerances to say 1 x 107, or increasing the maximum number of Newton-Raphson

iterations to say 500.
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Further explaination of the several techniques used to aid convergence are discussed in
Appendix B.4.5.

3.3.20 Ordinary Basis Switching

Then comes a block for ordinary basis switching:

| Ordinary Basis Switches (for nunerical purposes only) | (nobswt) |
R RS |
| Repl ace | None | (uobsw(1,n)) |
| wi th | None | (uobsw(2,n)) |

This block is similar to that for special basis switching. Ordinary basis switching cannot affect
model definition. It can affect only numerical behavior. This type of switching involves the
replace of a basis species by another species; typically a dependent species that dominates the
mass balance associated with that basis species. For example, replacing UO,”" by UO»(COs),>
might aid convergence properties (note: in the Version 8 code, the mass balance will still be
defined in terms of the original basis species, here UO,*"). Users will ordinarily have no need for
this feature. Recall that the iopt(11) switch allows automatic basis switching. Only the number of
basis species pertinent to a given problem limits the number of ordinary basis switches. See
Section 2.1.1 “Basis Species: Key Concepts” for further explanation of basis species.

3.3.21 Saturation Flag Tolerance

A block for the saturation flag tolerance follows:

This tolerance controls the writing of the string flags “SATD” (saturated) and “SSATD”
(supersaturated) in the saturation state tables written on the output file. If the thermodynamic
affinity (kcal) of a species is within *tolspf, the species is flagged as saturated. If that affinity is
greater than +tolspf, the species is flagged as supersaturated. The default value is 0.0005. In fact,
meaningful judgment of whether a species is truly saturated or supersaturated is more accurately
accomplished on a case-by-case basis, accounting for uncertainties from a variety of sources.
Thus, the exact value of tolspf tends not to have great meaning.

3.3.22 Aqueous Phase Scale Factor

This is followed in turn by the aqueous phase scale factor and an “end of problem” marker:

This scale factor determines the absolute model system mass written on the EQ3NR PICKUP
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file. The default value of the scale factor is 1.0. That results in the system being scaled to 1 kg of
solvent water. Choosing a scale factor of 0.1 would result in it being scaled to 0.1 kg of solvent
water.

3.4 THE EQ6 INPUT FILE

An EQ6 input file is longer and more complex than the one for EQ3NR. However, there are
many common elements. Furthermore, an EQ6 an input file is divided into top and bottom
halves. The bottom half is always created as either an EQ3NR “pickup” file or as part of an EQ6
“pickup” file. Ordinarily, the user should never edit the bottom half of an EQ6 inputs file. There
is a possible exception: suppressing minerals in the alter/suppress options block (the same block
that appears on the EQ3NR input file, Section 3.3.14). That said, users should be able to copy
and paste top and bottom halves together to create a new EQG6 input file. Such operations can be
done using WordPad or another text editor, or by using command line copy commands. These
are basic operating system (OS) operations; consult the documentation for your OS for detailed
instructions if needed.

The EQ6 user is expected to be familiar with the basic concepts and terminology of reaction path
modeling. Much detailed conceptual and computational information can be found in Appendix D
in sections D.1 and D.2 In particular, the user should fully understand the concepts of reaction
progress (cf. Appendix D.1.3.1) and reaction rates and mass transfer (cf. Appendix D.1.3.2). The
user should also have a good familiarity with the types of rate laws commonly employed in
geochemical modeling (cf. Appendix D.1.3.3).

The following is an example of an EQ6 input file (in menu-style or “D” format). This is the file
micro.61 from the EQG6 test case library, in which the mineral microline reacted with an HCI
solution having an initial pH of 4. This is presented here in its entirety (occupying about seven
and a half pages) to better acquaint the reader with the overall form. The various parts of this
input file, which is a relatively simple but sufficiently typical example, will be discussed below.

Note the part:

O e e e e e e |
* Start of the bottomhalf of the INPUT file *
K o o e e o e o o e e e e e e e o e e e e e e e e e e e 2 *
| Secondary Title | (utitl2(n)) |

which occurs about halfway through the file. This marks the start of the bottom half of the file.
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| EQ6 input file nane= micro. 6i

| Description= "Mcrocline dissolution in pH 4 HO"

| Version |level= 8.0

| Revi sed 02/ 18/ 97 Revisor= T.J. Wlery

| This is part of the EQ3/6 Test Case Library

|

| React "Maxi mum M crocline" (KAISi308) with a pH 4.0 HO solution at 25C
| There is no time frame in this calculation. Precipitation of quartz, chal-
| cedony, and tridynmite is prevented by neans of nxnod suppress options that
|are inherited fromthe initializing EQBNR input file, phdhcl.3i. This is
|test problem 3 of INTERA (1983, p. 65-73); it is simlar to test problem5
| of Parkhurst, Thorstenson, and Plunmer (1980). | NTERA (1983) reported that

|the product minerals forned were gibbsite, kaolinite, and nuscovite. The run

| term nates when the solution becones saturated with mcrocline.

The original problemcalled for suppression of only quartz. Chal cedony and

tridymte were apparently not on the data file used by | NTERA (1983).

Pur pose: to conpare against results obtained in a previous conparison of
EQ3/ 6 with PHREEQE (Parkhurst, Thorstenson, and Plunmer, 1980) nade by
| NTERA (1983).

Thi s probl em has no redox aspect. The option switch iopt(15) is set to 1
to indicate this to the code.

| NTERA Environnental Consultants, Inc., 1983, Geochenical Mdels Suitable
for Performance Assessnent of Nucl ear Waste Storage: Conparison of
PHREEQE and EQ@/EQG: O fice of Nuclear Waste Isolation, Battelle Project
Managenent Divi sion, Col unbus, Chio, ONW-473, 114 p.

Par khurst, D.L., Thorstenson, D.C., and Plumer, L.N., 1980, PHREEQE-
A Conput er Program for Geochem cal Cal cul ati ons: Water Resources
I nvestigations Report 80-96, U S. Ceol ogical Survey, Reston, Virginia,

I
|
|
I
I
I
|
|
I
I
|
| Ref er ences
I
I
|
|
|
|
|
|
|
| 210 p.
|

| Tenperature option (jtenp):
[x] ( 0) Constant tenperature:

Val ue (O | 2.50000E+01| (tenpch)
[ 1] (1) Linear tracking in Xi:

Base Value (O | 0.00000E+00| (tenpch)

Derivative | 0.00000E+00| (ttk(1))

Base Val ue (O | 0. 00000E+00| (tenpch)

Derivative | 0.00000E+00| (ttk(1l))

[ 1 ( 3) Fluid mxing tracking (fluid 2 = special reactant):
T of fluid 1 (C) | 0.00000E+00| (tenpch)
T of fluid 2 (C) | 0.00000E+00| (ttk(2))

|

I

I

|

| . o

| [ 1 ( 2) Linear tracking in tine:
I

I

|

I

| Mass ratio factor | 0.00000E+00| (ttk(1))

| Pressure option (jpress):

| [x] ( 0) Followthe data file reference pressure curve
| [ 1 (1) Followthe 1.013-bar/steam saturation curve
| [ 1 ( 2) Constant pressure:

| Val ue (bars) | 0. 00000E+00| (pressbh)
| [ 1 ( 3) Linear tracking in Xi:

| Base Val ue (bars) | 0.00000E+00| (pressb)
| Derivative | 0. 00000E+00| (ptk(1l))
| [ 1 ( 4) Linear tracking in tine:

| Base Val ue (bars) | 0.00000E+00| (pressb)
| Derivative | 0.00000E+00| (ptk(1))
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| Reactants (Irreversible Reactions) | (nrct) |

| React ant | Maxi mum_M crocl i ne | (ureac(n)) |
R e R R R e |
| ->] Type | Pure mineral | (urcjco(jcode(n))) |
R LR |
| ->| Status | Reacti ng | (urcjre(jreac(n))) |

R LR L L EEEEEEEPEREREREEREE |
| ->] Anount renmining (noles) | 1.00000E+00| (norr(n)) |

R e e EEEEEEEE RS |
| ->| Amount destroyed (noles) | 0.00000E+00| (nodr(n)) |

->| Surface area option (nsk(n)):
->  [x] ( 0) Constant surface area:

| |
| ->] Val ue (cnR) | 0.00000E+00| (sfcar(n)) |
|-> [ ] ( 1) Constant specific surface area: |
| ->| Val ue (cn2/g) | 0. 00000E+00| (ssfcar(n)) |
|->] [ 1 ( 2) n**2/3 growth law current surface area: |
| ->] Val ue (cnR) | 0.00000E+00| (sfcar(n)) |
R RS ER A EE L EEEEEE RS |
| ->|] Surface area factor | 0.00000E+00| (fkrc(n)) |
| ->| Forward rate | aw | Rel ative rate equation | (urcnrk(nrk(1,n))) |
| --->]dXi (n)/dXi (nol/nol) | 1.00000E+00| (rkb(1,1,n)) |
| = o o |
| --->]d2Xi (n)/dXi 2 (nol/nol 2) | 0.00000E+00| (rkb(2,1,n)) |
| oo |
| --->]d3Xi (n)/dXi 3 (nol/nol 3) | 0.00000E+00| (rkb(3,1,n)) |
| ->| Backward rate | aw | Partial equilibrium | (urcnrk(nrk(2,n))) |
| =l
* Valid reactant type strings (urcjco(jcode(n))) are:

* Pure mi neral Solid solution

* Speci al reactant Aqueous speci es

* Gas speci es Generic ion exchanger

K o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = -
* Valid reactant status strings (urcjre(jreac(n))) are:

* Saturated, reacting React i ng

* Exhaust ed Saturated, not reacting

* Valid forward rate |aw strings (urcnrk(nrk(1,n))) are:

* Use backward rate | aw Rel ative rate equation

* TST rate equation Li near rate equation

* Valid backward rate law strings (urcnrk(nrk(2,n))) are:

* Use forward rate |aw Partial equilibrium

* Rel ative rate equation TST rate equation

* Li near rate equation

|Starting, mnimm and maximmvalues of key run parameters.
| Starting x vaiwe ] 0.00000Er00] (st T
Wi mum 6 value ] Loooooseoo] (mi) T
i's{;}{Eh;{{},{a'iééééhééi"['6f66666'5'+66['2{i';{{{§ """"""""""""""""

| Mexi mum ti ne (seconds) | 1. 00000E+38| (timmxi)
s
| M ni num val ue of pH | - 1. 00000E+38| ( phmini)
e
| Maxi mum val ue of pH | 1. 00000E+38| (phnmaxi)

| = i
| M ni num val ue of Eh (v) |-1.00000E+38| (ehm ni)
e
| Mexi mum val ue of Eh (v) | 1.00000E+38| (ehnaxi)
| =i
| M ni mum val ue of log fO2 |-1. 00000E+38| (02mi ni)

e
| Maxi mum val ue of log fO2 | 1.00000E+38| (o02naxi)

—_———— e ————— % % ok k% % % ok ok % K % % ok ok ok
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| Print interval paraneters. [

| Xi print interval | 1. 00000E+00| (dI xprn) |
Log X print imterval | 1o0000Ee00] (dixpriy T
Time primt interval | 1 o0000measl (aiprmy T
| Log time print inmerval | 1 o0000Ewas (diipriy T
pH prime interval ) 1 ooooomeas] (aimprmy T |
| Eh () prim inerval | 1 oooooEess (dieprmy T |
| Log 12 primt imerval | 1 00000Ea8] (dioprmy T
aw print imerval 1 1 ooooomessl (@iaprmy T
| Steps print interval 1 ool (keppmo T

| Plot interval paraneters. |

| Xi plot interval | 1. 00000E+38| (dI xpl o) |
|Log X plot imerval 1 1 ooooogess (aixpiy T
Time plo inerval 1 1 o0ooomeasl (aipley T
| Log time piot imerval | 1 oo000gess (aiipiiy T
pH plot imerval ) 1 ooooomeasl (aimproy T |
Eh () plot imerval | 1 ooooogessl (aiepioy T
| Log 12 plot imterval | 1 00000Ea8] (diopioy T
aw piot imerval 1 1ooooomessl (aiapioy T
| Sieps piot interval 1 Tiovool (kepimo T

|
| lopt Model Option Switches ("( 0)" nmarks default choices) |

|iopt(1l) - Physical System Mddel Selection: |
| [x] ( 0) dosed system |
| [ ] (1) Titration system [
| [ 1 ( 2) Fluid-centered flowthrough open system |
| = |
|iopt(2) - Kinetic Mdde Sel ection: |
| [x] ( 0) Reaction progress node (arbitrary kinetics) |
| [ 1 ( 1) Reaction progress/tine node (true Kkinetics) |
| <o |
| iopt(3) - Phase Boundary Searches: |
| [x] ( 0) Search for phase boundaries and constrain the step size to natch |
| [ 1 ( 1) Search for phase boundaries and print their |ocations |
| [ 1 ( 2) Don't search for phase boundaries |

|iopt(4) - Solid Solutions: |
| [x] ( 0) Ignore |
| [1 (1) Pernit |
e e R R |
|iopt(5) - dear the ES Solids Read fromthe INPUT File: |
| [x] ( 0) Don't do it |
| [1 (1) Doit I
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) - Clear the ES Solids at the Initial Value of Reaction Progress: |
( 0) Don't do it |
(1) Doit |

) - Cear the ES Solids at the End of the Run: |
( 0) Don't do it |
(

) - Cear the PRS Solids Read fromthe INPUT file: |
( 0) Don't do it |
(

|iopt(10) - Cear the PRS Solids at the End of the Run: |
| [x] ( 0) Don't do it |
| [ 1 (1) Doit, unless nunerical problens cause early termnation |

|iopt(11) - Auto Basis Switching in pre-N-R Optimization: |
| [x] ( 0) Turn off |
| [ 1 (1) Turn on |

|iopt(12) - Auto Basis Switching after Newt on-Raphson lteration: |
| [x] ( 0) Turn off |
| [ 1 (1) Turn on |

|iopt(13) - Calcul ational Mde Sel ecti on: |
| [x] ( 0) Normal path tracing [
| [ 1 ( 1) Econony node (if perm ssible) |
| [ 1 ( 2) Super econony node (if perm ssible) |

|iopt(14) - ODE Integrator Corrector Mde Sel ection: |
| [x] ( 0) Allow Stiff and Sinple Correctors |
| [ 1 (1) AllowOnly the Sinple Corrector |
| [ ] (2 AllowOnly the Stiff Corrector |
| [ ] ( 3) Allow No Correctors |
| = e |
| iopt(15) - Force the Suppression of Al Redox Reactions: |
| [ 1 (0) Don't do it |
I [x] (1) Doit I
| i opt(16) - BACKUP File Options: |
| [ ] (-1) Don't wite a BACKUP file |
| [x] ( 0) Wite BACKUP files |
| [ 1 (1) Wite a sequential BACKUP file |
| oo e |
|iopt(17) - PICKUP File Options: |
| [ ] (-1) Don't wite a PICKUP file |
| [x] ( 0) Wite a PICKUP file |
| <o |
|iopt(18) - TAB File Options: |
| [ ] (-1) Don't wite a TAB file |
| [x] ( 0) Wite a TAB file |
| [ 1 (1) Wite a TAB file, prepending TABX file data froma previous run |

|iopt(20) - Advanced EQ6 PICKUP File Options: |
| [x] ( 0) Wite a normal EQ PICKUP file |
| [1 (1) Wite an EQ6 INPUT file with Fluid 1 set up for fluid mxing |

|iopr(1l) - Print All Species Read fromthe Data File: |
| [x] ( 0) Don't print |
| [ 1 (1) Print |

|iopr(2) - Print Al Reactions: |
| [x] ( 0) Don't print |
| [ 1 (1) Print the reactions |
| [ 1 ( 2) Print the reactions and | og K val ues |
| [ ] ( 3) Print the reactions, log K values, and associ ated data |
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|

|iodb(1) - Print General Diagnostic Messages:

| [x] ( 0) Don't print

| [ ] (1) Print Level 1 diagnostic nessages

| [ ] ( 2) Print Level 1 and Level 2 diagnostic nmessages

| -
|iodb(2) - Kinetics Related Di agnostic Messages:

| [x] ( 0) Don't print

| [ ] (1) Print Level 1 kinetics diagnostic nessages

| [ 1 (2) Print Level 1 and Level 2 kinetics diagnostic nessages

| === o m ool
|iodb(3) - Print Pre-Newt on-Raphson Optim zation |nfornation:

| [x] ( 0) Don't print

| [ 1 (1) Print summary infornation

| [ 1 ( 2) Print detailed information (including the beta and del vectors)

| [ 1 ( 3) Print nore detailed information (including matrix equati ons)

| [ 1 ( 4) Print nost detailed information (including activity coefficients)
| === mm il
|iodb(4) - Print Newton-Raphson Iteration |nformation:

| [x] ( 0) Don't print

| [ 1 (1) Print sunmary infornation

| [ 1 ( 2) Print detailed information (including the beta and del vectors)

| [ ] ( 3) Print nore detailed information (including the Jacobian)

| [ 1 ( 4) Print nost detailed information (including activity coefficients)
| = m ol
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iopr(3) - Print the Aqueous Species Hard Core Dianeters:
[x] ( 0) Don't print
['] (1) Print

iopr(4) - Print a Table of Aqueous Species Concentrations, Activities, etc.:
[ '] (-3) Onit species with nolalities < 1.e-8
[ ] (-2) Onit species with nolalities < 1.e-12
[ 1 (-1) Onmit species with nolalities < 1.e-20
[x] ( 0) Orit species with nolalities < 1.e-100
[ 1 (1) Include all species
iopr(5) - Print a Table of Aqueous Species/H+ Activity Ratios:
[x] ( 0) Don't print
[ ] (1) Print cation/Ht+ activity ratios only
[ 1T (2 Print cation/H+ and anion/H+ activity ratios
[ 1 ( 3) Print ion/H+ activity ratios and neutral species activities
iopr(6) - Print a Table of Aqueous Mass Bal ance Percent ages:
[ 1 (-1) Don't print
[x] ( 0) Print those species conprising at |east 99% of each mass bal ance
[ 1] (1) Print all contributing species
iopr(7) - Print Tables of Saturation Indices and Affinities:
[ 1 (-1) Don't print
[x] ( 0) Print, omtting those phases undersaturated by nore than 10 kcal
[ 1 (1) Print for all phases

iopr(8) - Print a Table of Fugacities:
[x] (-1) Don't print
[ 1T ( 0) Print

iopr(9) - Print a Table of Mean Mdlal Activity Coefficients:
[x] ( 0) Don't print
[ 1T (1) Print

iopr(10) - Print a Tabulation of the Pitzer Interaction Coefficients:
[x] ( 0) Don't print
[ 1] (1) Print a summary tabul ation
[ 1 (2 Print a nore detailed tabulation

iopr(17) - PICKUP file format ("W or "D"):
[x] ( 0) Use the format of the INPUT file
[ 1 (1) Use "W format
[ 1 (2 Use "D' format

I odb Debugging Print Option Switches ("( 0)" marks default choices)
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|iodb(5) - Print Step-Size and Order Selection:
| [x] ( 0) Don't print

| [ ] (1) Print sunmary infornation

| [ 1 ( 2) Print detailed infornation

I

|iodb(6) - Print Details of Hypothetical Affinity Cal cul ations:

| [x] ( 0) Don't print

| [ 1 (1) Print summary infornation

| [ 1 ( 2) Print detailed infornation

| ______________________________________________________________________________
|iodb(7) - Print CGeneral Search (e.g., for a phase boundary)

| [x] ( 0) Don't print

| [1 (1) Print summary infornation

| ______________________________________________________________________________
|iodb(8) - Print ODE Corrector Iteration |Infornation:

| [x] ( 0) Don't print

| [ 1 (1) Print summary infornation

| [ 1«

| M neral Sub-Set Selection Suppression Options |

(nxopt)

2) Print detailed information (including the betar and del vcr vectors)

| Option | Sub-Set Defining Species| (this is a table header)

| None | None | (uxopt(n), u

* Valid mneral sub-set selection suppression option strings (uxopt(n)) are:

* None All A with Allwth

xcat (n))

| Exceptions to the Mneral Sub-Set Sel ection Suppression Options |

| Fi xed Fugacity Options | (nffg)

| Gas | Moles to Add | Log Fugacity | --
| (uffg(n)) | (moffg(n)) | (xIkffg(n)) | --
| None | 0.00000E+00| 0. 00000E+00| --

| Nurrer i cal Paraneters

| Max. finite-difference order |

| Beta convergence tol erance |

| Del convergence tol erance |

| Max. No. of NNRiterations |

| Search/find convergence tol erance | oO.
|
I
I

| Saturation tol erance 0
| Max. No. of Phase Assenbl age Tries

| Zero order step size (in Xi) 0
| Max. interval in Xi between PRS transfers 0

| Secondary Title | (utitl2(n))

| EQBNR i nput file nanme= ph4hcl . 3i

| Description= "A pH 4 HJ solution, with traces
| Version level= 8.0

| Revi sed 02/ 14/ 97 Revisor= T.J. Wlery

| This is part of the EQ3/6 Test Case Library

| Dilute HO solution, pH 4.00, with traces of potassium al um num and
(1983), who report

|silica. This problemis part of test problem3
| a conparison study of EQ/6 with PHREEQE (Parkh
| Plunmer, 1980). Note that precipitation of quar
|is prevented by neans of nxnod suppress options

| passes this on to EQ6 on the PICKUP file.
I

6

. 00000E+00|
. 00000E+00|

0
00000E+00|

. 00000E+00|

0

I
. 00000E+00|
. 00000E+00|

of K, A,

of | NTERA

(tol bt)
(toldl)
(iternx)
(tol xsf)
(tol sat)
(ntrynx)
(dl xnx0)
(dl xdnp)

and Si "

urst, Thorstenson,

tz, chal cedony,
. This has no effect on the
| E@BNR calculation. It is sinply needed for the subsequent EQ problem EQ@@NR
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| Purpose: to provide a PICKUP file for construction of the EQ test cases
|mcro.6i and mcroft.6i.

|
| This problemis actually redox-indifferent. The auxiliary basis species
| @2(aq) and H2(aq) have therefore been suppressed. The EQ option switch
|iopt(15) should be set to 1.

Ref er ences

for Performance Assessnent of Nucl ear Waste Storage: Conparison of
PHREEQE and EQ3/EQ6: O fice of Nuclear Waste Isolation, Battelle Project
Managenent Divi sion, Col unbus, Chio, ONW-473, 114 p.

Par khurst, D.L., Thorstenson, D.C., and Plumer, L.N., 1980, PHREEQE-
A Conputer Program for Geochenical Calcul ations: Water Resources
I nvestigations Report 80-96, U S. Ceol ogical Survey, Reston, Virginia,

I
I
|
I
I
|
|
I NTERA Environnmental Consultants, Inc., 1983, Geochenical Mdels Suitable |
|
|
I
|
I
I
210 p. |

I

| Speci al Basis Switches (for nodel definition only) | (nsbswt) |
P ORLEPGREEETE |
| Repl ace | None | (usbsw(1,n)) |
| with | None | (usbsw(2,n)) |

DR T e e O CEEREEEE L L L L PR FERETE PP |
| Original tenperature (C) | 2.50000E+01| (tenpci) |

| = |
| Original pressure (bars) | 1.01320E+00| (pressi) |

| Advi sory: no exchanger creation blocks follow on this file. |
| Option: on further processing (witing a PICKUP file or running XCON6 on the |
| present file), force the inclusion of at |east one such block (qgexsh): |

|

I [ 1 (.true.)

| Speci es | Option | Alter value |
| (uxnod(n)) | (ukxm(kxmod(n)))| (x| kmod(n))|
| Quartz | Suppr ess | 0. 00000E+00|
| Chal cedony | Suppr ess | 0. 00000E+00|
| Tridymite | Suppress | 0. 00000E+00]|

* Valid alter/suppress strings (ukxm(kxmod(n))) are:
* Suppr ess Repl ace Augnent LogK
* Augnent G

| lopg Activity Coefficient Option Switches ("( 0)" nmarks default choices)

iopg(l) - Aqueous Species Activity Coefficient Model:
[ 1 (-1) The Davi es equation
[x] ( 0) The B-dot equation
[ 1 (1) Pitzer's equations
[ 1 ( 2 HC + DH equations

| iopg(2) - Choice of pH Scale (Rescales Activity Coefficients):

| [ ] (-1) "Internal" pH scale (no rescaling)

| [x] ( 0) NBS pH scal e (uses the Bates-@uggenhei m equati on)

| [ 1 ( 1) Mesner pH scale (nunerically, pH = -log n(Ht))

| - m o
| Matrix Index Limts

| No. of chem elenents 6] (kct)

| No. of basis species 7] (kbt)

| I ndex of last pure min. 7] (kmnt)

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
—_—_———_—————— - ———— —— —— % % % *—

I
I
|
| I ndex of last sol-sol. | 7] (kxt)
I
I

| Matrix size 7] (kdim
| PRS data flag 0 (kprs)
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| Mass Bal ance Species (Matrix Row Vari abl es)
| (ubntbi(n))

| Units/ Constraint| --
[(upf6(jflgi(n)))| --

|

I

|

| H20 Aqueous sol ution | Mol es | -- |
| Al +++ Aqueous sol ution | Mol es | -- |
| d - Aqueous sol ution | Mol es | -- |
| H+ Aqueous sol ution | Mol es | -- |
| K+ Agqueous sol ution | Mol es | -- |
| Si @2(aq) Aqueous sol ution | Mol es | -- |
| @2(9) Aqueous sol ution | Mol es | -- |
______________________________________________________________________________ |
* Valid jflag strings (ujf6(jflgi(n))) are: *
* Mol es Make non-basi s *
| Mass Bal ance Total s (noles) |
R |
| Basi s species (info. only) | Equi l'i bri um System | Aqueous Sol ution |
I (ubnt bi (n)) | (ntbi(n)) | (ntbagi(n)) I
| H2O Aqueous | 5.550843506189440E+01| 5.550843506189440E+01|
| Al +++ Agqueous | 1.000000000000050E-12| 1.000000000000050E- 12|
| d - Aqueous | 1.011629092597910E-04| 1.011629092597910E- 04|
| H+ Aqueous | 1.011629052597910E-04| 1.011629052597910E- 04|
| K+ Aqueous | 1.000000000000001E-12| 1.000000000000001E-12|
| Si G2(aq) Aqueous | 9.999999999999994E- 13| 9. 999999999999994E- 13|
| @2(9g) Aqueous | 2.331489422794826E-18| 2.331489422794826E- 18|
| El ectrical inbal ance | -4.065758146820642E- 20| - 4. 065758146820642E- 20|

| Ordinary Basis Switches (for nunerical

| Repl ace | None
| with | None

pur poses only) |

| (uobsw(1,n)) I
| (uobsw(2,n)) I

| 1.744358983526984E+00| --
| - 1. 204400338249425E+01| - -
| - 3.994987866885238E+00| - -
| - 3.994987444367077E+00| - -
| -1.200000137411354E+01] --
| - 1. 200000049015453E+01| - -
| - 7. 000000000000000E- 01| - -

| H20 Aqueous sol ution
| Al +++ Aqueous sol ution
| d - Aqueous sol ution
| H+ Aqueous sol ution
| K+ Aqueous sol ution
| Si @2(aq) Aqueous sol ution
| @2(9) Aqueous sol ution
I

| Phase | None | (uprphi(n))

3N, of Wies ] 0.000000000000000E400] (mprpmi(my T |
e |
|---> (uprspi(i,n)) | (mprspi(i,n)) | --

I ene T o booooooosoooo0oskon T |

The elements of an EQ6 input file are:

Top Half

Main Title
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Temperature option
Pressure Option

Reactants Superblock:

For each of zero or more reactants

Reactant name

Type

Status

Amount remaining

Amount destroyed

Surface area option

Surface area factor

Forward (e.g., dissolution) rate law type and parameters
Backward (e.g., precipitation) rate law type and parameters

Run Parameter Superblock:

Starting, minimum, and maximum values of key run parameters:
Starting Xi (reaction progress variable) value
Maximim Xi value

Starting time (seconds)

Maximum time (seconds)

Minimum pH

Maximum pH

Minimum Eh (volts)

Maximum Eh (volts)

Minimum log fO,

Maximum log fO,

Minimum activity of water (ay)

Maximum activity of water (ay,)

Maximum number of steps

Print interval parameters:

Xi print interval

Log Xi print interval

Time (seconds) print interval

Log time (seconds) print interval
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pH print interval
Eh (volts) print interval
Log fO, print interval
Activity of water (aw) print interval
Steps print interval
Plot interval parameters:
Xi plot interval
Log Xi plot interval
Time (seconds) plot interval
Log time (seconds) plot interval
pH plot interval
Eh (volts) plot interval
Log fO; plot interval
Activity of water (aw) plot interval
Steps plot interval
Iopt (model) options
Iopr (print) options
Iodb (debug print) options
Mineral sub-set selection suppression options
Fixed fugacity options

Numerical parameters

Bottom Half

Secondary Title

Special basis switches

Original temperature (C)

Original pressure (bars)

Ion exchanger creation flag

If the above flag is set to true: one or more ion exchanger creation blocks
Alter/suppression options

Iopg (activity coefficient) options

Matrix index limits
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Mass balance species (matrix row values)
Mass balance totals

Ordinary basis switches

Matrix column variables and values

Phases and species in the PRS (physically removed system)

These will be considered in order.

341 MainTitle

The main title block is intended to allow the user to document the problem defined on the input
file. In the present example, the main title is:

| EQ6 input file nane= mcro. 6i

| Description= "Mcrocline dissolution in pH 4 HO"

| Version level= 8.0

| Revi sed 02/18/97 Revisor= T.J. Wlery

| This is part of the EQB/6 Test Case Library

I

| React "Maximum M crocline" (KAISi30) with a pH 4.0 HO solution at 25C

| There is no tine frane in this calculation. Precipitation of quartz, chal-

| cedony, and tridynmite is prevented by neans of nxmod suppress options that

|are inherited fromthe initializing EQBNR input file, phdhcl.3i. This is

| test problem 3 of | NTERA (1983, p. 65-73); it is sinmlar to test problem5

| of Parkhurst, Thorstenson, and Plunmmer (1980). |NTERA (1983) reported that

| the product minerals forned were gi bbsite, kaolinite, and nuscovite. The run

| term nates when the sol ution becones saturated with mcrocline.

I
The original problemcalled for suppression of only quartz. Chal cedony and

tridymte were apparently not on the data file used by | NTERA (1983).

|
|
|
|
|
|
I
|
|
[
I
|
[
I
. o . . I
Purpose: to conpare against results obtained in a previous conparison of |
E@/ 6 with PHREEQE (Parkhurst, Thorstenson, and Plumer, 1980) made by |
| NTERA (1983). |
|

|

I

I

|

|

I

I

|

|

I

|

|

Thi s probl em has no redox aspect. The option switch iopt(15) is set to 1
to indicate this to the code.

I NTERA Environnental Consultants, Inc., 1983, Geochenical Mdels Suitable
for Performance Assessnent of Nucl ear Waste Storage: Conparison of
PHREEQE and EQ3/EQ6: O fice of Nuclear Waste Isolation, Battelle Project
Managenent Divi sion, Col unbus, Chio, ONW-473, 114 p.

Par khurst, D.L., Thorstenson, D.C., and Plumer, L.N., 1980, PHREEQE-
A Conputer Program for Geochenical Calcul ations: Water Resources
I nvestigati ons Report 80-96, U.S. Geol ogical Survey, Reston, Virginia,

|

I

I

|

I

I

|

I

I

| Ref er ences
I

I

|

|

I

I

|

| 210 p.
I

This is analogous to the title on the EQ3NR input file (Section 3.3.1), with which the user should
already be familiar. The special form of the first three lines (starting with ‘EQ6 input file name="
should be preserved, with users changing only the input file name on the first line and the short
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description on the second line. The use of the fourth line (with appropriate changes by the user)
is encouraged. The string “This is part of the EQ3/6 Test Case Library.” should not be retained
when the user uses such a file as a template for an input file that is not part of that library.

If the case-insensitive string “TABFILEASCSV” is included anywhere in the main title of an
EQ6 input file, the EQ6 “tab” file will be output as a “.csv” (comma separated value) file instead
of as the usual text file. Once renamed with a “csv” filename extension, Microsoft Excel or other
spreadsheet application can open such a file.

The maximum number of lines in a title on an EQ6 input file is the same as for a title on an
EQ3NR input file, 200. This is a static dimension.

3.4.2 Temperature Option

A block for the temperature option follows this, which is this example is given by:

Tenperature option (jtenp):
[x] ( 0) Constant tenperature:

Val ue (O | 2.50000E+01| (tenpch)
[ 1 (1) Linear tracking in Xi:

Base Value (O | 0.00000E+00| (tenpch)

Derivative | 0.00000E+00| (ttk(1))

Base Val ue (O | 0. 00000E+00| (tenpch)

Derivative | 0.00000E+00| (ttk(1))

[ 1 ( 3) Fluid mxing tracking (fluid 2 = special reactant):
T of fluid 1 (C) | 0.00000E+00| (tenpch)
T of fluid 2 (C) | 0.00000E+00| (ttk(2))

|
|
|
|
|
|
| [ ] ( 2) Linear tracking in tine:
|
|
|
I
| Mass ratio factor | 0.00000E+00| (ttk(1))

The possibilities here exceed those in EQ3NR (Section 3.3.3) where the temperature is simply
some value. In EQ6, the temperature may change along the reaction path. Most EQ6 runs tend to
be isothermal (Option 0). For Option 1 (“Linear tracking in Xi”) the temperature (C) is given by:

T=T,+k¢é (3-2)
where T}, (tempcb) is the base temperature (the temperature at zero reaction progress), k; [ttk(1)]
is the tracking constant (the slope d77/d§), and & (“Xi”) is the overall reaction progress variable.
Analogously, for Option 2 (“Linear tracking in time”), the temperature (C) is given by:

T =T, +k (3-3)

where T) (tempcb) is the base temperature (the temperature at zero time in this instance), k
[ttk(1)] is the tracking constant (the slope d77/d¢), and ¢ is the time (seconds).

Option 3 (“Fluid mixing tracking”) is intended for use in fluid-mixing calculations in which the
two fluids (1 and 2) have different temperatures. Here the temperature (C) is given by:
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7= Tk + ;)

34
E+h) G-

where T (tempcb) is both the base temperature (the temperature at zero reaction progress) and
also the temperature of fluid 1, &, [ttk(2)] is the temperature of fluid 2, and k; [ttk(1)] is mass
ratio factor (the ratio of the mass of fluid 1 to that of fluid 2 at £ = 1, normally 1.0) This is an
approximation that assumes equal heat capacities for the two fluids.

3.4.3 PressureOption

Next comes a fairly analogous block for the pressure:

| Pressure option (jpress):

| [x] ( 0) Follow the data file reference pressure curve
| [ 1 (1) Followthe 1.013-bar/steam saturation curve
| [ ] ( 2) Constant pressure:

| Val ue (bars) | 0. 00000E+00| (pressbh)
| [ 1 ( 3) Linear tracking in Xi:

| Base Val ue (bars) | 0.00000E+00| (pressb)
| Derivative | 0. 00000E+00| (ptk(1l))
| [ ] ( 4) Linear tracking in tine:

| Base Val ue (bars) | 0.00000E+00| (pressb)
| Derivative | 0.00000E+00| (ptk(1))

Options 0 and 1 should be understood from the discussion of pressure in the section on the
EQ3NR input file (Section 3.3.4). The other options (2—4) are analogous to Options 0-2 for the
temperature discussed in the previous section (3.4.2), respectively.

3.4.4 Reactants Superblock

The reactants superblock follows. The full superblock corresponding to the present example is a
relatively simple one:

| React ant | Maxi mum M crocl i ne | (ureac(n)) |
| = |
| ->| Type | Pure m neral | (urcjco(jcode(n))) |

______________________________________________________________________________ |
| ->|] Status | React i ng | (urcjre(jreac(n))) |

->| Surface area option (nsk(n)):
-> [x] ( 0) Constant surface area:

| |
| ->] Val ue (cnR) | 0.00000E+00| (sfcar(n)) |
|->] [ ] ( 1) Constant specific surface area: |
| ->| Val ue (cn2/g) | 0. 00000E+00| (ssfcar(n)) |
|->] [ 1 ( 2) n**2/3 growth law current surface area: |
| ->] Val ue (cnR) | 0.00000E+00| (sfcar(n)) |
R e A SRR EE L EEEEEEE RS |
| ->| Surface area factor | 0.00000E+00| (fkrc(n)) |
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| ->] Forward rate | aw | Rel ative rate equation | (urcnrk(nrk(1,n))) |

|
[ --->dXi (n)/dXi (mol/nol) | 1.00000E+00| (rkb(1,1,n)) [

______________________________________________________________________________ [
| --->]d2Xi (n)/dXi 2 (nol/nol 2) | 0.00000E+00| (rkb(2,1,n)) |
|- |
| --->]d3Xi (n)/dXi 3 (nol/nol 3) | 0.00000E+00| (rkb(3,1,n)) |
| ->] Backward rate | aw | Partial equilibrium | (urcenrk(nrk(2,n))) |

Val id reactant type strings (urcjco(jcode(n))) are:

Pure m neral Solid solution
Speci al reactant Aqueous speci es
Gas speci es Generic ion exchanger

Valid reactant status strings (urcjre(jreac(n))) are:

Saturated, reacting React i ng

Exhaust ed Saturated, not reacting
Valid forward rate law strings (urcnrk(nrk(1,n))) are:

Use backward rate |aw Rel ative rate equation

TST rate equation Li near rate equation

Valid backward rate | aw strings (urcnrk(nrk(2,n))) are:
Use forward rate |aw Partial equilibrium
Rel ative rate equation TST rate equation
Li near rate equation

T R T T N
* ok ok kR R 3k ok Ok Ok k% ok ok Ok ¥ %

There is a short header to the superblock. Then come one or more reactant blocks. If there are
zero reactants in the problem specified, the one such block must contain null inputs, such as
“None” or all blanks for string inputs and zeros for numeric inputs. Certain problems do not
require a reactant, for example equilibrating a system in disequilibria or just changing the
temperature and/or pressure. The reactants superblock terminates with four standard comment
line blocks containing the allowed strings for those string inputs not corresponding to species
names.

A reactant block may vary in form and content in two ways. A reactant has a type defined by one
of the strings given in the first of the four standard comment blocks. The input data required for a
reactant varies first according this type. In the case of a “Special reactant”, “Solid solution”, or
“Generic ion exchanger”, data in addition to those shown above for a “Pure mineral” are
required. These data are contained in additional sub-blocks that will be discussed below. Also, a
forward (dissolution) and a backward (precipitation) rate law treatment must be defined by one
of the strings in the third and fourth standard comment blocks shown above, respectively. Each
possible rate law treatment requires somewhat different input data. Again, the possible cases
differing from those shown in the above example will be discussed below.

Each reactant block begins with a line specifying the name of the reactant (here “Maximum
Microcline). The reactant type is then specified (here this is “Pure Mineral”). There are six
possible types of reactants (as shown in the first standard comment block). The reactant name for
every type except “Special reactant” or “lon exchanger” must match a name of the cited type on
the supporting data file. A reactant name for a “Generic ion exchanger” must match that of an
exchanger defined in an ion exchanger creation block present on the EQ6 input file in the bottom
half of the file. A special reactant is one that the user makes up on the input file.
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After the reactant type comes the reactant status. There are four possible states, given by the
possibilities in the second standard comment block. “Reacting” is the status when a problem is
first defined (i.e., this is the only value a user should use when constructing an input file to start a
problem). The other three states are only achievable after an initial problem has been run some
finite number of steps. These may be seen on EQ6 “pickup” files, which allow a problem to be
restarted.

This is followed by the amount remaining in moles. When a problem is first made up, this is the
amount made available for reaction by the user. This is followed in turn by the amount destroyed
in moles. That should always be zero when a problem is first made up. The amount remaining
will decrease during a run, and the amount destroyed will increase. This will be noticeable upon
the examination of any EQ6 “pickup” files.

Next the user must specify additional information for special reactants, solid solutions, and
generic ion exchangers. This includes compositional data in each case. The present example does
not include these reactant types. After the present example of a reactant block has been
discussed, such blocks for these other reactant types will be discussed with relevant examples.

A surface area options sub-block follows. This is intended to be used with reactants that are
solids of some type, but it is a required element of any reactant block. The surface area is only
used in connection with true kinetic rate laws like the TST form (i.e., not with specified relative
rates). This sub-block is followed by a surface area factor, which is an arbitrary multiplier to the
surface area in a true kinetic rate law. This factor can be interpreted as the fraction of kinetically
active surface area.

Next come sub-blocks for the forward (dissolution) and backward) (precipitation) rate laws. The
form of these sub-blocks varies according to the forward and backward rate law choices. The
example in the present instance is a common one. Here the forward (dissolution) rate law is
based on an arbitrary relative rate law of the form:

Vit =k, (3-5)

!

where v’ is the relative reaction rate of the jth reactant (d&;/d&, where &; is the reaction progress

variable for the reaction associated with this reactant), & is the overall reaction progress variable,
and k. j; [rkb(1,1,n)] is a rate constant (for the forward direction, as is implied by the subscript
“+) that here is equivalent to the relative rate value. A relative rate is not an actual rate. For a
full discussion of the concept of relative rates, actual rates, and reaction progress variables, see
Appendix D.1.3.1 and D.1.3.2, or Helgeson (1968).

In many EQ6 simulations, the overall reaction progress & is specified to increase from zero to a
specified maximum value &,,, which often has a value of 1.0. When this maximum value is
achieved, the run terminates. Specifying a relative rate of x (also often with a value of 1.0) for a
reactant means that the progress variable for the reaction associated with the reactant goes from
zero to xEmax. Reactions for “reactants” are defined such that the reaction coefficient for the
associated “reactant” is —1.0 (the sign is negative because the reactant is consumed in the
reaction). Thus, the number of moles of a reactant that are consumed in going from =0 to
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& = Emax 1S XEmax. Because x and &, are both often set to 1.0, the number of moles of reactant
consumed at the end of the run is also 1.0.

The backward (precipitation) rate law specified in this example is technically a partial
equilibrium constraint, not an actual rate law (the precipitation rate is what it needs to be in order
to prevent supersaturation). This corresponds t the classic treatment of reactant precipitation in
geochemical reaction path modeling (e.g., Helgeson, 1968, 1970; Helgeson et al, 1969; Helgeson
etal., 1970).

In this example, the relative rate is directly specified by the rkb(1,1,n) input. The rkb(2,1,n) and
tkb(3,1,n) inputs imply that the relative rate in this instance can change with increasing overall
reaction progress. In the version 7 level code, these inputs corresponded to the first and second
derivatives of the relative rate (at zero reaction progress) and were used in an expanded Taylor’s
series description of the rate (see Appendix D.1.3.3). However, such expanded treatment is no
longer permitted, as there is little justification for such a thing. Hence the rkb(2,1,n) and
rkb(3,1,n) inputs for the case of a relative rate law are not used by the version 8 code and their
appearance on the input file in this context is purely vestigial .

Another example of a reactant data block, this time for a special reactant, is presented below.
Only the part down to the beginning of the surface area option sub-block is shown, as this is all
that is needed to discuss the treatment of this reactant type. This is taken from the EQ6 test case
library input file swtitr.6i:

| React ant | Aqueous H2SO4, 0.1 N | (ureac(n)) |
R e EEEE RS |
| ->| Type | Speci al react ant | (urcjco(jcode(n))) |
| = |
| ->|] Status | React i ng | (urcjre(jreac(n))) |

| --->| El ement | Stoich. Nunber | (this is a table header) |

______________________________________________________________________________ |
|--->| O | 5.570895364010290E+01| (wuesri(i,n), cesri(i,n)) |
|--->H | 1.111168701265550E+02| (wuesri(i,n), cesri(i,n)) |
|--->C | 1.059405461284710E-05| (uesri(i,n), cesri(i,n)) |
|--->S | 5.000000274353950E-02| (uesri(i,n), cesri(i,n)) |
[ == o o e |
| ->] Reacti on |
[ e R |
| --->| Speci es | Reaction Coefficient | (this is a table header)]
R T e T T |
| --->| AQueous H2SO4, 0.1 N | - 1. 000000000000000E+00| (ubsri(i,n), cbsri(i,n))|
| - -->| HCOB- | 1.059405461284710E-05| (ubsri(i,n), cbsri(i,n))]|
| --->] S™4- - | 5.000000274353950E-02| (ubsri(i,n), cbsri(i,n))]|
| --->| H+ | 1.000105995416918E-01| (ubsri(i,n), cbsri(i,n))]|
| --->| H2O | 5.550842446647936E+01| (ubsri(i,n), chsri(i,n))]|
| | 2.486902427776272E-04| (ubsri(i,n), cbsri(i,n))]|

|l

| ->|] Surface area option (nsk(n)): |
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Here the special reactant is an aqueous solution 0.1 N H,SO4. A special reactant could also be a
solid of some kind, even a whole rock. In essence, it is little more than a stoichiometry. The
additional information appears after the amount destroyed. The molar volume (cm’/mol) must be
entered. This is followed by a “Composition” sub-block, which defines the elemental
composition of the special reactant (moles element per mole of reactant). That is followed in turn
by a “Reaction” sub-block. This can be omitted on the input file, in which case EQ6 will
generate a default reaction from the composition data. At the present time, no thermodynamic
properties for the reaction are defined. Hence special reactants can have no thermodynamic
stability, and cannot saturate the aqueous system being modeled in an EQ6 run. The remaining
data in this example are the same as in the main example under discussion here.

Still another example of a reactant data block, this time for a solid solution, is presented below.
Again, only the part down to the beginning of the surface area option sub-block is shown. This is
taken from the EQG6 test case library input file j13wtuff.61:

| React ant | Pl agi ocl ase | (ureac(n)) |
R e EEEE R |
| ->| Type | Solid solution | (urcjco(jcode(n))) |
| = s |
| ->|] Status | Reacti ng | (urcjre(jreac(n))) |

| - - ->| Component | Mole frac. | (this is a table header) |
R e R R EEEEEEEEE |
| --->] Al bite_high | 8.30000E-01| (ucxri(i,n), rxbari(i,n)) |
|--->] Anorthite | 1.70000E-01| (ucxri(i,n), rxbari(i,n)) |

| ->] Surface area option (nsk(n)): |

The additional information is contained in a “Composition” sub-block. This sub-block consists
of a header, followed by the input composition. This composition is specified in terms of mole
fractions of the end-members. The solid solution itself is defined on the supporting data file. That
definition includes the identity of the allowed end-members.

Yet another example of a reactant data block, this time for a generic ion exchanger, is presented
below. Again, only the part down to the beginning of the surface area option sub-block is again
shown. This is taken from the EQ6 test case library input file swxrca.6i:

| React ant | Exchanger 1 | (ureac(n)) |
| = |
| ->| Type | Generic ion exchanger | (urcjco(jcode(n))) |
R e EEE R |
| ->| Status | Reacti ng | (urcjre(jreac(n))) |
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| --->|] Exchange site |Site A | (ugerji(j,n)) |

|----- >| Conponent | Eq. frac. | (this is a table header) |
| o |
| ----- >| Na+ | 1.00000E-02| (ugersi(i,j,n), egersi(i,j,n)) |
|----- >| Cat++ | 9.90000E-01| (ugersi(i,j,n), egersi(i,j,n)) |

| ->] Surface area option (nsk(n)): |

The additional information includes the exchange model (which is checked against that in the
matching ion exchanger creation block that must appear on the bottom half of the input file) and
a “Composition” sub-block. The “Composition” sub-block, apart from its head, includes one or
more sub-sub-blocks for the various exchange sites. In the present example there is only one of
these. Note that the composition is specified in terms of equivalent fractions. Also, following
exchanger notation on EQ3/6 input files, “Na+” and “Ca++" refer to the ions on the exchanger,
not the associated aqueous ions.

Note that the reactant types “Gas species” and “Aqueous species” do not require any additional
input data. Care should be taken when using “Aqueous species” reactants to ensure that
electroneutrality is preserved. For example, if Na" is defined as a reactant, Cl” could also be
defined as a reactant and added at the same rate.

The number of reactants is limited to 40. This is a static dimension. Within this limit, there are
no restrictions on the number of reactants of any of the allowed types.

The allowed treatments for forward (dissolution) and backward (precipitation) rates are specified
in the last two of four standard comment line blocks at the end of the reactants superblock. These
two blocks are repeated here for easy reference:

Valid forward rate law strings (urcnrk(nrk(1,n))) are:
Use backward rate | aw Rel ative rate equation
TST rate equation Li near rate equation

Valid backward rate law strings (urcnrk(nrk(2,n))) are:
Use forward rate |aw Partial equilibrium
Rel ative rate equation TST rate equation
Li near rate equation

L R T T R
EE R T TR

Each reactant block contains one sub-block for the forward direction rate law and another for the
backward direction rate law.

For reactants of the type “Pure mineral”, “Solid solution, or Generic ion exchanger”, the
thermodynamic driving force (affinity) determines which rate law treatment is used during a
given point in the reaction progress calculation. The forward (dissolution) rate law applies to a
mineral reactant when the aqueous solution is undersaturated with respect to that phase; the
backward (precipitation) rate law applies when the solution is supersaturated.

Currently the software does not associate actual thermodynamic driving forces (affinities) with
reactants of the type “Special reactant”, “Aqueous species”, or “Gas species”. These reactants are
treated as mere stoichiometries with no thermodynamic stability. Thus only the rate law
treatment for the forward direction is actually used, though a sub-block for the treatment in the
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backward direction is also required. As the EQ3/6 convention for reaction rates defines positive
rates for the forward direction and negative rates for the backward direction, the specification of
a negative rate in the forward rate law data block suffices to achieve removal of the associated
stoichiometry from the modeled system.

It may be argued with some theoretical validity that a single rate law description should be
applied to reaction rates in both directions. However, the rate laws commonly employed in
geochemical modeling at the present time, despite theoretical underpinnings, tend to be little
more than empirical explanations of rate behavior in only one direction. Put more plainly, what
does a good job of describing dissolution rates often does poorly when extrapolated to
precipitation, and vice versa. Therefore, EQ6 allows the use of different rate laws for the two
directions.

A consistent treatment for both directions can be obtained by specifying a forward rate law, then
choosing “Use forward rate law” for the backward rate law. Alternatively, one can choose “Use
backward rate law” for the forward rate law and specify a backward rate law. Use of this
approach requires choosing an actual rate law treatment for the one direction that is inherently
consistent with thermodynamic driving forces. At present, only the “TST rate equation”
(described below) satisfies this requirement. Obviously, choosing “Use forward rate law” and
“Use backward rate law” together is not a valid combination. EQ6 will flag invalid combinations
and issue appropriate error messages.

To facilitate the discussion of the rate law sub-blocks, those from the main example (EQ6 test
case input file micro.61) are repeated here:

| ->] Forward rate | aw | Rel ative rate equation | (urcnrk(nrk(1,n))) |
|--->|dXi (n)/dXi (mol/mol) | 1.00000E+00| (rkb(1,1,m)
S (i 2 (mol il 2) | 0. 00000Ek00] (rkb(z Lm) T
I (m s (ol iml 3| 0.00000Ek00] (rkb(a L) T
S Bckvard rate taw  partial equilibrium 1 (urenrk(mkzm))

As noted previously, the “Relative rate equation” now only allows a constant relative rate to be
specified (as “rkb(1,1,n)”. The inputs for “rkb(2,1,n)” and “rkb(3,1,n”") will be ignored. The
“Relative rate equation” option is also applicable to the backward rate law. Such usage (not
employed in the above example) would require an analogous block exemplified by:

| ->| Backward rate | aw | Rel ative rate equation | (urcnrk(nrk(2,n))) |
|--->|dXi (n)/dXi (mol/mol)  |-1.00000E+00| (rkb(1,2,m))
i azx (a2 (miimin) | 0. 00000Es00l (kb 2y T
I e (m s (ol iml3) | 0. 00000Ek00] (rkb(azm) T

The specified relative rate is negative, in keeping with the EQ3/6 convention that forward rates
are positive and backward rates are negative.
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A sub-block of the above type cannot be used to specify the removal from the modeled system of
a reactant of type “Special reactant”, “Aqueous species”, or “Gas species”. Rather, one must
specify a negative relative rate in a “Relative rate equation” block for the forward rate. This is
particularly important to remember when setting up an evaporation simulation using the
“Aqueous species” reactant “H20”.

The backward rate law specification in the main example (micro.61) is “Partial equilibrium”, and
the relevant block is just:

As noted in the earlier discussion, this treatment does not involve a true rate law, but rather a
constraint that the rate be whatever is necessary to avoid supersaturation. A corresponding
reaction rate value for use in rate law integration is not calculated as part of the process. Rather,
the relevant algebraic constraint based on mass action (partial equilibrium) is applied to achieve
the desired result. A corresponding rate value could be estimated using finite differences;
however, the software presently does not do this.

The rate law sub-blocks for applying the rate law for one direction to another are comparably
simple:

| ->| Forward rate | aw | Use backward rate law | (urcnrk(nrk(1,n))) |
| ______________________________________________________________________________
and

| ______________________________________________________________________________
| ->| Backward rate | aw | Use forward rate law | (urcnrk(nrk(2,n))) |

Only three actual rate law types are permitted in each case (forward and backward): “Relative
rate equation”, TST rate equation, and “Linear rate equation”. The “Relative rate equation” has
already been discussed. In contrast to that option, the “TST rate equation” and “Linear rate
equation” options involve specification of actual kinetic rate laws.

The TST (transition state theory) rate law is probably the most important of the kinetic rate laws
used in EQ6. For an introduction to the theory suitable for geochemists, see Aagaard and
Helgeson (1982) or Lasaga (1981). The TST rate law is a function of the chemistry of the
aqueous solution, but is not an explicit function of time.

The general form of the TST rate law for the “forward” (“+”) case is:

Ay

iTw’fv./ T, +.ij - H
_ ’ _N+,n(/ _ U+Y”RT .
v, = fs, zkw E'rl;l1 a, e 0 (3-6)
i=1
U
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Here s; is the total surface area of the phase dissolving in the ™ irreversible reaction. The factor Ji
is a fudge factor representing the proportion of effective to total surface area; normally, it is
taken as unity. The net forward form provides for treating i,.; parallel mechanisms. For each,
there is a rate constant (k. ;) a kinetic activity product, and a term that depends on the affinity
(A4.,). The kinetic activity product (which can be symbolized as ¢g. ,; Delany, Puigdomenech, and
Wolery 1986) depends on the thermodynamic activities of n; . ; species, each raised to a non-zero
power characteristic of the mechanism (—N. ;). The kinetic activity product has a value of unity
if n;., = 0. The kinetic activity product most often reflects the dependence of the reaction
mechanism on pH, and usually consists of just the activity of the hydrogen ion raised to some
power (cf. Delany, Puigdomenech and Wolery 1986). The affinity factor goes to zero when the
affinity goes to zero, forcing the reaction rate to do likewise. This factor also depends on the gas
constant (R), the absolute temperature (7), and a stoichiometric factor (0, ;) that relates the
affinity of a macroscopic reaction (4.,) to that of the corresponding microscopic or elementary
reaction (4. /0. ;). The stoichiometric factor is usually taken as having a value of unity.

The net reverse form parallels the net forward form:

_ A

~ I TN o_;RT H
_vj = ij ;k—,ij E'J;'l a, —-e B (3—7)

(I3

where —v; is the reaction rate in the backward (“~) direction (e.g., the precipitation rate of a
mineral). The quantities shown in the above equation are analogous to those appearing in the
forward direction form of the rate law.

Transition state theory has the strongest theoretical foundation among the various rate laws that
have been applied to the kinetics of mineral dissolution and growth (see for example Lasaga,
1981; Aagaard and Helgeson 1982; Delany, Puigdomenech, and Wolery 1986). Nevertheless, the
reader should be aware that in aqueous geochemistry it has been used primarily merely to
provide a mathematical form, which can be used to explain some measurements. Such
explanations may not be unique, even within the scope of the theory itself. The actual
mechanisms, and even the number of mechanisms required to explain available data, may be
open to debate. A TST expression that accurately describes dissolution rates may or may not
extrapolate to correctly predict precipitation rates, and vice versa.

The following example of a forward rate law sub-block (for the reactant quartz) is taken from the
EQG6 test case library input file j13wtuff.61:
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[----- >| Tenper at ure dependence option (iact(i,1,n)): |
| ----- > [x] ( 0) No tenperature dependence [
| ----- > [ ] ( 1) Constant activation energy: [
[----- >| Val ue (kcal/nmol) | 0.00000E+00| (eact(i,1,n)) |
|
I

| ----- > [ ] ( 2) Constant activation enthal py:
| ----- >| Val ue (kcal/nol) | 0.00000E+00| (hact(i,1,n))

[~enen-- >| Speci es [-N(j,i,+n) |
[------- > (udac(j,i,1,n)) | (cdac(j,i,1,n)) [
LR e L L LR |
T >| None | 0. 00000E+00 |

One or more sub-sub-blocks appear in such a sub-block, each corresponding to a distinct reaction
mechanism (hence the “Mechanism” header). In the above example, there is only one such sub-
sub-block. Within such a sub-sub-block there is one “Kinetic activity product”) sub-sub-sub-
block. The main body of this can be expanded to allow the specification of multiple species
whose activities appear in the kinetic activity product. The code will accommodate up to four
mechanisms per TST rate law and up to four species in a kinetic activity product. These limits
are static dimensions.

The corresponding backward rate law sub-block (for the same reactant, taken from the same EQ6
test case library input file) is completely analogous:

[ ----- >| sigma(i,-,n) | 1. 00000E+00| csigna(i, 2,n) |

|
| ----- > [x] ( 0) No tenperature dependence [
[----- > [ ] ( 1) Constant activation energy: |
|----- >| Val ue (kcal/nmol) | 0.00000E+00| (eact(i,2,n)) [
[
I

|----- > [ ] ( 2) Constant activation enthal py:
| ----- >| Val ue (kcal /nol) | 0.00000E+00| (hact(i,2,n))

[------- >| Speci es [-N(j,i,-.n) |
[------- > (udac(j,i,2,n)) | (cdac(j,i,2,n)) I
R e R LR I
[ >| None | 0. 00000E+00 |

The “Linear rate equation” rate laws are relatively simple in form:
v, =158k (3-8)
and,

—v; =S8k (3-9)
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In essence, the rates are constant except for the effect of a surface area factor (which may or may
not be constant). The rate law sub-blocks are very similar in form to the TST equivalents, but
lack the kinetic activity product sub-sub-block. Here the TST sub-blocks given above have been
converted to “Linear rate equation” sub-blocks. The example for the forward direction is:

|----- >| sigma(i, +,n) | 1.00000E+00| csignma(i,1,n) |
R R R |
[----- >l k(i,+,n) (nmol/cnm2/sec) | 1.20000E-13| rkb(i,1,n) |
| oo |
|----- >| Ref. Tenperature (O | 1.50000E+02| trkb(i,1,n) |
R T e EEEEEEE RS |
| ----- >| Tenper at ure dependence option (iact(i,1,n)): |
| ----- > [x] ( 0) No tenperature dependence |
|----- > [ ] ( 1) Constant activation energy: |
| ----- >| Val ue (kcal /nmol) | 0.0000OE+00| (eact(i,1,n)) |
|----- > [ ] ( 2) Constant activation enthal py: |
|----- >| Val ue (kcal/nmol) | 0.00000E+00| (hact(i,1,n)) |

[----- >| si gma(i, -, n) | 1.00000E+00| csigma(i, 2,n) |
[----- >| k(i,-,n) (mol/cnR/sec) | 0.00000E+00| rkb(i,2,n) |
| ----- >| Ref. Tenperature (O | 1.50000E+02| trkb(i,2,n) [
[----- >| Tenper at ure dependence option (iact(i,2,n)):

[----- > [x] ( O0) No tenperature dependence

|
|----- > [ ] ( 1) Constant activation energy: |
|----- >| Val ue (kcal/nmol) | 0.00000E+00| (eact(i,2,n)) |
I
I

|----- > [ ] ( 2) Constant activation enthal py:
| ----- >| Val ue (kcal/nmol) | 0.00000E+00| (hact(i,2,n))

Only one mechanism sub-sub-block should appear in a “Linear rate equation” sub-block.

3.4.5 Run Parameters Superblock

The discussion will now return to the main example (the EQ6 test case library input file
micro.61). Following the reactants superblock is the key run parameters superblock. This consists
of a header followed by a one-line block for each key run parameter:

| Starting, mninm and naxi num val ues of key run paraneters. |

| = |
| Starting Xi val ue | 0. 00000E+00| (xistti) |

| = s |
| Maxi mum Xi val ue | 1. 00000E+00| (xi maxi) |
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| Starting tine (seconds) | O.00000E+00| (tistti) |
T R e e e EEEE RS |

| Maxi mum ti me (seconds) | 1. 00000E+38| (timxi) |
| <o |
| M ni num val ue of pH | - 1. 00000E+38| (phmi ni) |
| = |
| Maxi mum val ue of pH | 1. 00000E+38| (phnexi) |

BT LT T E e P PP EPREPEPRE |
| M ni mum val ue of Eh (v) |-1.00000E+38| (ehnini) |

| = o |
| Maxi mum val ue of Eh (v) | 1.00000E+38| (ehnaxi) |
| <o s |
| M ni num val ue of log fO2 |-1.00000E+38| (02m ni) |
| = o |
| Mexi mum val ue of log fO2 | 1. 00000E+38| (o02naxi) |
e e CEEEEEEEE L EEEE L PR PEER RS |

| M ni num val ue of aw | - 1. 0O0000E+38| (‘awm ni) |
R e e e LELR T PLE TP ELPERTICEPTRDEPERE |
| Mexi mum val ue of aw | 1. 00000E+38| (awmaxi) |
O A E e L L EEE LR LR |
| Maxi mum nunber of steps | 200] (kstpnx) |

Starting and maximum values are provided for both the overall reaction progress variable (“Xi”)
and the model time (“time”’). Minimum and maximum values are specified for the pH, the Eh
(volts), the log fO,, and the activity of water (“aw”). A maximum value is provided for the
number of steps taken along the reaction path. Achieving a minimum or maximum value
specified in this section causes run termination. Furthermore, the code will adjust the step size as
needed to avoid exceeding any specified minimum or maximum value. Note that —1 x 10*® and
+1 x 10*® are used in the example as the effective equivalents of —o and +o, respectively. Any
value of sufficiently large magnitude will do, however. The maximum number of steps can be
specified as zero if one simply wants to equilibrate the starting system without continuing on to a
reaction path calculation.

3.4.6 Print Interval Parameters Superblock

A superblock for print interval parameters follows this. These parameters control the frequency
at which a complete description of the state of the system is written to the output files (the
“output” or .60 files plus the “tab” or .6t) files. Print intervals may be specified in terms of
reaction progress, log reaction progress, time (s), log time (s), pH, Eh (volts), log fO,, or the
activity of water (“aw”

| Print interval paraneters. |

| Xi print interval | 1. 00000E+00| (dI xprn) |
Log X primt imterval 1 10000000] (dixpriy T |
Time print interval | 1oooooEeas] (diiprmy T |
| Log time primt interval | 1 o00000Ewas (diipriy T |
pH prime interval ) 1 ooooomeas] (aimprmy T |
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| Eh (v) print interval | 1. 00000E+38| (dlIeprn) |
| = |

| Log fOQ2 print interval | 1. 00000E+38| (dl oprn) |
| <o o |
| aw print interval | 1.00000E+38| (dlI aprn) |
| = |
| Steps print interval | 100| (ksppnx) |

3.4.7 Plot Interval Parameters Superblock

A superblock for corresponding plot interval parameters follows in turn. These parameters
presently do nothing, as EQ6 currently lacks a formal plot file. The “tab” or .6t file presently
functions as a rudimentary plot file. The frequency at which data are written to this file is
determined by the above “print interval” parameters (Section 3.4.6), not these “plot interval”
parameters.

| Xi plot interval | 1. 00000E+38| (dI xpl o) |
[ Log X piot imerval 1 100000l (aixplny T |
Time piot imerval | 1 ooooomeas (diipiey T |
| Log time plot interval | 1o0000Eeas] (aiipiny T |
pH pi o nterval 1 1 ooooomeas (aimpiey T |
Eh (1) piot interval | 1 o0000Eeas] (@ieploy T |
| Log T2 plo inerval | 1 o00000Ewa8 (dopiey T |
aw pi o interval 1 1 ooooomess (aapiey T |
| Sieps piot imerval 1 loooo) (kepimo T |

3.4.8 lopt (Modd) Options

This is followed by a superblocks for the iopt model option switches, the iopr print option
switches, and the iodb debugging print option switches. As noted previously in the discussion of
the EQ3NR input file (Section 3.3.15), these switches (along with the iopg activity coefficient
option switches, Section 3.3.16) are shared with EQ3NR. Some pertain to both EQ3NR and
EQ6, others to only one or the other. Recall that the “( 0)” choices are the default values.

The superblock for the iopt model option switches on the EQ6 input file takes the form:

I
| lopt Mbdel Option Switches ("( 0)" marks default choices) |

) - Physical System Model Selection: |
( 0) dosed system |
(1) Titration system |
( 2) Fluid-centered flowthrough open system |
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| iopt(4) -
| [x] (0
| 10D

| iopt(5) -
| [x] (0
| [1CD

| iopt(6) -
| [x] (0
| [1CD

|iopt(7) -
| [x] (0
| [1CD

|iopt(10) -
| [x] ( 0)
| [1(C1

|iopt(11) -
| [x] (0
| [1CD

|iopt(12) -
| [x] (0
| [1CD

|iopt(13) -
I [x] ( 0)
I

| iopt(15) -
| [1 (O
| [x] (1)

Clear the

Clear the

Clear the

) Ki neti c Mode Sel ecti on:
( 0) Reaction progress node (arbitrary kinetics)
( 1) Reaction progress/time node (true kinetics)

) Phase Boundary Searches:

( 0) Search for phase boundaries and constrain the step size to match
( 1) Search for phase boundaries and print their |ocations

( 2) Don't search for phase boundaries

Solid Sol utions:

I gnore
Permt

Don't do it
Do it

Don't do it
Do it

Don't do it
Do it

Don't do it

Clear the PRS Solids at the End of the Run:

Don't do it

Do it, unless nunerical

Auto Basis Switching in pre-N-R Optim zation:

Turn of f
Turn on

Auto Basis Switching after

Turn of f
Turn on

Cal cul ati onal
Normal path tracing

Econony node (if perm ssible)

Super econony node (if perm ssible)

CDE I ntegrator Corrector
Allow Stiff and Sinple Correctors
Allow Only the Sinple Corrector
Allow Only the Stiff Corrector
Al'l ow No Correctors

Force the Suppression of Al

Don't do it
Do it

BACKUP File Options:

Don't wite a BACKUP file
Wite BACKUP files
Wite a sequenti al

PI CKUP File Options:
Don't wite a PICKUP file
Wite a PICKUP file

TAB File Options:
Don't wite a TAB file
Wite a TAB file
Wite a TAB file,

10813-UM-8.0-00

ES Solids Read fromthe INPUT File:

ES Solids at the Initial Value of Reaction Progress:

ES Solids at the End of the Run:

PRS Solids Read fromthe INPUT file:

probl ens cause early termnation

Newt on- Raphson | teration:

Mode Sel ection:

Mbde Sel ecti on:

Redox Reacti ons:

BACKUP file

prepending TABX file data froma previous run
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| iopt(20) - Advanced EQ PICKUP File Options: |
| [x] ( 0) Wite a normal EQ PICKUP file |
| [ ] (1) Wite an EQ6 INPUT file with Fluid 1 set up for fluid m xing |

The iopt(1) and iopt(2) switches are of special importance. The former controls the nature of the
modeled system: closed system, titration system, or fluid-centered, flow-through open system.
The closed system is self-evident. The titration system is similar. The difference is that in a
closed system, equilibration of a reactant causes the transfer of any remaining unreacted mass to
the equilibrium system (ES). The ES consists of the aqueous solution plus any phases in
equilibrium with it, such that the any mass is included in the mass balances defined for that
system. The titration system differs from the closed system in that such equilibration does not
result in such as transfer of any remaining unreacted mass. Such unreacted mass will continue to
be “titrated” into the ES. The fluid-centered, flow-through open system follows the evolution of
a packet of water flowing through a reactive medium, leaving any product phases behind. These
products can then no longer interact with the fluid packet. Some further details are provided in
Appendix D.2.3

The iopt(2) switch is important because it determines whether or not the modeled system has a
time element or not. In reaction-progress mode, there is no model time. Only relative rates can be
specified for the reactants. System evolution is measured only as a function of the overall
reaction progress variable (“Xi”). In reaction-progress/time mode, model time is employed and
actual rate laws can be specified for reactants. Note that this mode is also required if temperature
or pressure are specified to change as a function of time. The overall reaction progress variable
(“Xi1”) remains an element of this mode.

The meaning of the other iopt model options switches should be self-evident from the example
presented. The switches iopt(5), iopt(6), and iopt(7) permit the user to delete any minerals
present in the equilibrium system (ES), hence separating them from the aqueous solution. The
switches iopt(9) and iopt(10) allow deletion of minerals from the physically removed system
(PRS), which is where minerals go that are left behind by the fluid packet in the fluid-centered,
flow-through open system model. The choices shown for the other switches other than iopt(1)
and iopt(2) are reasonable ones for users to employ in most instances. However, the iopt(15)
switch (“Force the Suppression of All Redox Reactions”) should normally be set to “Don’t do
it”. The code is normally able to determine whether or not there is a redox aspect to a given
problem. Note that iopt(11), iopt(12), iopt(13) and iopt(14) only affect code numerics, not
model definition.

lopt(14) controls the new corrector in the ordinary differential equation (ODE) solver. Detail of
these ODE integration methods used are supplied in Appendix E.
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3.4.9 lopr (Print) Options
A corresponding superblock for the iopr print option switches follows:
|lopr Print Option Switches ("( 0)" marks default choices) |

| [x] ( 0) Don't print |
| [ ] (1) Print |

|iopr(2) - Print Al Reactions: |
| [x] ( 0) Don't print |
| [ ] (1) Print the reactions |
| [ ] ( 2) Print the reactions and | og K val ues |
| [ 1 ( 3) Print the reactions, log K values, and associ ated data |

|iopr(3) - Print the Agueous Species Hard Core Dianeters: |
| [x] ( 0) Don't print |
| [1 (1) Print |

|iopr(4) - Print a Table of Aqueous Species Concentrations, Activities, etc.: |
| [ ] (-3) Onit species with nolalities < 1.e-8 |
| [ 1 (-2) Onit species with nolalities < 1.e-12 |
| [ 1 (-1) Onit species with nolalities < 1.e-20 |
| [x] ( 0) Onit species with nolalities < 1.e-100 |
| [ 1 ( 1) Include all species |

iopr(5) - Print a Table of Aqueous Species/H+ Activity Ratios: |
[x] ( 0) Don't print |
[ 1 (1) Print cation/H+ activity ratios only |
[ 1T (2 Print cation/H+ and anion/H+ activity ratios |
[ 1 (3 Print ion/H+ activity ratios and neutral species activities |

|iopr(6) - Print a Table of Aqueous Mass Bal ance Percent ages: |
| [ 1 (-1) Don't print |
| [x] ( 0) Print those species conprising at |east 99% of each nass bal ance |
| [ ] (1) Print all contributing species |
| = o |
|iopr(7) - Print Tables of Saturation Indices and Affinities: |
| [ ] (-1) Don't print |
| [x] ( 0) Print, omtting those phases undersaturated by nore than 10 kcal |
| [ 1 (1) Print for all phases |

|iopr(8) - Print a Table of Fugacities: |
| [x] (-1) Don't print |
| [ 1 (0) Print |

|iopr(9) - Print a Table of Mean Mdlal Activity Coefficients: |
| [x] ( 0) Don't print |
| [ 1 (1) Print |

|iopr(10) - Print a Tabulation of the Pitzer Interaction Coefficients: |
| [x] ( 0) Don't print |
| [ ] (1) Print a summary tabul ati on |
| [ 1 (2) Print a nore detailed tabulation |

|iopr(17) - PICKUP file format ("W or "D"): |
| [x] ( 0) Use the format of the INPUT file |
| [1 (1) Use "W fornat |
| [ ] (2 Use"D' format [

These options should be self-evident, as with the EQ3NR print options (Section 3.3.17). In most
instances, the default (( 0)’) values are recommended.
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3.4.10 lodb (Debug Print) Options

This is followed by a superblock for the iodb debugging print option switches:

|
| 1odb Debugging Print Option Switches ("( 0)" marks default choices) |

I
|iodb(1) - Print General Diagnostic Messages: |
| [x] ( 0) Don't print |
| [ ] (1) Print Level 1 diagnostic nessages |
| [ ] ( 2) Print Level 1 and Level 2 diagnostic nmessages |

|iodb(2) - Kinetics Related Di agnostic Messages: |
| [x] ( 0) Don't print |
| [ ] (1) Print Level 1 kinetics diagnostic nessages |
| [ 1 ( 2) Print Level 1 and Level 2 kinetics diagnostic nessages |

|iodb(3) - Print Pre-Newton-Raphson Optimni zation |nformation: |
| [x] ( 0) Don't print |
| [ 1 (1) Print sumary infornation |
| [ 1 ( 2) Print detailed information (including the beta and del vectors) |
| [ 1 ( 3) Print nore detailed information (including matrix equati ons) |
| [ 1 ( 4) Print nost detailed information (including activity coefficients) |
| = o e |
|iodb(4) - Print Newton-Raphson Iteration |nformation: |
| [x] ( 0) Don't print |
| [ 1 (1) Print sunmary infornation |
| [ 1 ( 2) Print detailed information (including the beta and del vectors) |
| [ 1 ( 3) Print nore detailed information (including the Jacobi an) |
| [ 1 ( 4) Print nost detailed infornmation (including activity coefficients) |
| = |
|iodb(5) - Print Step-Size and Order Selection: |
| [x] ( 0) Don't print |
| [1 (1) Print summary infornation |
| [ 1 ( 2) Print detailed infornation |
R S O AR EE e |
|iodb(6) - Print Details of Hypothetical Affinity Cal cul ations: |
| [x] ( 0) Don't print |
| [ 1 (1) Print sunmary infornation |
| [ 1 ( 2) Print detailed infornation |
| = o |
|iodb(7) - Print General Search (e.g., for a phase boundary) Infornmation: |
| [x] ( 0) Don't print |
| [ 1 (1) Print summary infornation |

|iodb(8) - Print ODE Corrector Iteration Information: |
| [x] ( 0) Don't print |
| [ 1 (1) Print summary infornation |
| [ ] ( 2) Print detailed information (including the betar and del vcr vectors)|

In general, as with the EQ3NR debug options (Section 3.3.18), these option switches should all
be set to “Don’t print”. They are ordinarily employed only in debugging failed runs or for
observing the numerical processes. If the user encounters a failed run and the cause is not
evident, setting the iodb(1) switch in particular to one of the “Print” settings and re-running the
problem may generate a useful diagnostic.
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3.4.11 Mineral Suppression Options

Next is a superblock for mineral sub-set selection suppression options:

| M neral Sub-Set Selection Suppression Options | (nxopt)

| None | None | (uxopt(n), uxcat(n))
* Valid mneral sub-set selection suppression option strings (uxopt(n)) are:
*

| Exceptions to the Mneral Sub-Set Sel ection Suppression Options | (nxopex)

I
I
I
I
I
I
*
*  None Al Al with Allwvith *
I
b b e i b I

I

I

These options are similar in function to the suppress part of the alter/suppress functions
discussed in the section on the EQ3NR input file (Section 3.3.14) and which are included on the
bottom half of the EQ6 input file yet to be discussed. However, the present options permit whole
categories of minerals to be suppressed. Exceptions may also be specified. The following
example suppresses all minerals (with no exceptions):

| M neral Sub-Set Selection Suppression Options | (nxopt)

| ______________________________________________________________________________
| Option | Sub-Set Defining Species| (this is a table header)

| Al I | (uxopt(n), uxcat(n))
* Valid mneral sub-set selection suppression option strings (uxopt(n)) are:

| Exceptions to the Mneral Sub-Set Sel ection Suppression Options | (nxopex)

I
I
I
I
|
I
*
*  None Al Al with Allwvith *
I
[ =-mmmmmmm e oooooo oo I

I

I

I

|

| M neral Sub-Set Sel ection Suppression Options | (nxopt) |
R T e |
| Option | Sub-Set Defining Species| (this is a table header) |

|
|Allwith | Cat+ | (uxopt(n), uxcat(n)) |

R |
* Valid mineral sub-set selection suppression option strings (uxopt(n)) are: *
* None Al l Al with Allwith *
* *

I

| Exceptions to the Mneral Sub-Set Sel ection Suppression Options | (nxopex)
R RS |

| M neral | (this is a table header) |
D P PERERREPEE |
| Cal ci te | (uxopex(n)) |
| Margarite | (uxopex(n)) |
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Note that the “Allwith” (or “Alwith”) option requires specification of a data file basis species,
not a chemical element as was the case in the version 7 code.

The number of mineral sub-set selection suppression options is limited to 40. The number of
exceptions is limited to 100. These are static dimensions.

3.4.12 Fixed Fugacity Superblock

A superblock for fixed fugacity options then follows:

| Gas | Moles to Add | Log Fugacity | -- |
I (uffg(n)) | (moffg(n)) | (xIkffg(n)) | -- I
| None | 0.00000E+00| 0. 00000E+00| |

These options are employed to simulate equilibrium with gases in a large external gas reservoir
(such as the atmosphere). In this example, no such option is employed. One could fix the
fugacities of O,(g) and CO,(g) at the atmospheric values by entering:

| Gas | Moles to Add | Log Fugacity | -- |
I (uffg(n)) | (moffg(n)) | (xIkffg(n)) | -- I
| @2(9) | 0.50000E+00| -0.70000E+00| -- |
| cC2(g) | 0.50000E+00| -3.50000E+00| - - |

Note that in addition to the name of a gas species and a log fugacity value, one must also enter
the number of moles in a buffer mass. A gas fugacity is fixed by imposing equilibrium with a
fictive mineral. A minimum initial buffer mass is specified as the “Moles to Add”. Here 0.5
moles have been chosen for both gases in the example. This is usually a reasonable value. Values
higher than 5 moles should be avoided, as they may degrade the code numerics. A value of zero
may suffice if maintenance of the corresponding fugacity value acts only to increase the buffer
mass. If the buffer mass is lost, the fugacity will not be fixed at the desired value. A warning
message will be written if a fixed fugacity value cannot be maintained.

The number of fixed-fugacity options is limited to 20. This corresponds to a static dimension.
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3.4.13 Numerical Parameters

This is followed in turn by the numerical parameters superblock:

| Nurrer i cal Paraneters |
P R EEEE RS |
| Max. finite-difference order 6 | (nordnx)

| Bet a convergence tol erance 0. 00000E+00| (tol bt)

| Del convergence tol erance 0. O0000E+00| (toldl)

| Max. No. of NNRiterations 0 | (iternx)
| Saturation tol erance 0. 00000E+00| (tol sat)
| Max. No. of Phase Assenbl age Tries 0 | (ntrynx)

| Zero order step size (in Xi)
| Max. interval in Xi between PRS transfers

0. 00000E+00| ( dI xmx0)

| |
| |
| |
| Search/ find convergence tol erance | 0.00000E+00| (tol xsf) |
| |
| |
| 0. 00000E+00| (dI xdnp) |

This is similar to that for the EQ3NR input file (Section 3.3.19). Zero values are replaced by
non-zero defaults in all cases. In general, users should take the defaults. The maximum finite-
difference order can have any value from 1 to 8, with 6 being the default and recommended
value. The beta and del convergence tolerances have shared default values of 1 x 107 for iopt(1)
= ( (reaction-progress mode) and 1 x 10™® for iopt(1) = 1 (reaction-progress/time mode). In the
former mode, values are restricted to between 1 x 107'% and 1 x 107, in the latter, between 1 x
10" and 1 x 10°°. The default value for the maximum number of Newton Raphson iterations is
200. The default value for the search/find convergence tolerance is 1 x 10°°. The default value
for the saturation tolerance (on the affinity function, in kcal/mol) is 0.0005, and values are
constrained to between 0.00005 and 0.005. The maximum number of phase assemblage tries has
a default value of 100.

The zero-order step size (in units of reaction progress) has a complex set of defaults. In reaction-
progress/time mode (iopt(2) = 1) or if using the fluid-centered, flow-through open system mode
(iopt(1) = 2), the default value is 1 x 10~°. In reaction-progress mode (iopt(1) = 0) the default
value is usually 1 x 10, but greater values may pertain in certain instances. For example, if
there are no reactants, the default value is 1 x 107, If economy mode (iopt(13) = 1) is selected
and there is at least one reactant, the default is 1 x 10°°. If super economy mode (iopt(13) = 2) is
selected and there is at least one reactant, the default is the linear print interval, if a positive value
for that is specified. If not, and the specified maximum reaction progress exceeds the starting
value of reaction progress, the default is one-tenth the difference between these two reaction
progress variables. If not that, the default is 1 x 10", In any case, the minimum value for the
zero-order step size is 1 x 1072,

The maximum interval in reaction progress between PRS transfers ordinarily has a default value
of 1 x 10™ (effectively, infinity). However, if solid solutions or generic ion exchangers are
present in the model system, the default value is 1 x 10°°, except that if the maximum reaction
progress parameter is greater than zero, the default value is 1/25 of that. If the fluid-centered
flow-through system mode (iopt(1) = 2) and either solid solutions or generic ion exchangers are
present, the maximum interval in reaction progress may not be less than the linear print interval
in overall reaction progress.

Note that all values actually used in a run are written on the output file before any equilibrium or
reaction-path calculations are made. This allows the actual values to be verified.
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Should a run fail due to numerical difficulties, there is a rather limited possibility of coaxing it to
work by using larger values for one or more of these parameters. For example, one might try
increasing the maximum number of Newton-Raphson iterations from say 200 to 500. One might
also try increasing certain other parameters, including the two convergence tolerances (which
ordinarily should share a common value), the saturation tolerance, and the zero-order step size by
say an order of magnitude at a time. Ordinarily, only one such parameter (considering the two
convergence tolerances as one) should be changed per attempt. In general, tinkering with the
numerical parameters in EQ6 is not likely to be a fruitful procedure for the average user.

The numerical parameters superblock is the last part of the top half of the EQ6 input files. As
such, it is ordinarily the last part of the EQ6 input file that a user would directly define or
modify.

3.4.14 Bottom Half of EQ6 Input File

The bottom half of the EQ6 input file is normally either an EQ3NR “pickup” file, the bottom half
of such a file produced using one of the “advanced pickup file options”, or the bottom half of an
EQ6 “pickup” file. A complete “pickup” file example is provided in Appendix C.

This section of the EQ6 input file begins with comment lines noting the start of the bottom half
followed by the secondary title. In the present example, that part is given by:

| Secondary Title | (utitl2(n)) |

| E@BNR i nput file nane= ph4hcl . 3i |
| Description= "A pH 4 HO solution, with traces of K A, and Si " |
| Version |level= 8.0 |
| Revi sed 02/ 14/ 97 Revisor= T.J. Wlery |
| This is part of the EQB/6 Test Case Library |
| |
| Dilute HO solution, pH 4.00, with traces of potassium al um num and |
|silica. This problemis part of test problem 3 of | NTERA (1983), who report |
| a conparison study of EQ/6 with PHREEQE (Parkhurst, Thorstenson, and |
| Plumer, 1980). Note that precipitation of quartz, chal cedony, and tridymte |
|is prevented by neans of nxnod suppress options. This has no effect on the |
| EQBNR cal culation. It is sinply needed for the subsequent EQ problem E@NR |
| passes this on to EQ on the PICKUP file. |
I I
| Purpose: to provide a PICKUP file for construction of the EQ test cases |
|mcro.6i and microft.6i. |
I I
| This problemis actually redox-indifferent. The auxiliary basis species |
| @2(aq) and H2(aq) have therefore been suppressed. The EQ option switch |
| i opt (15) should be set to 1. |

I

I

I

|

I

I

|

Ref er ences

for Performance Assessnent of Nucl ear Waste Storage: Conparison of
PHREEQE and EQ@/EQG: O fice of Nuclear Waste Isolation, Battelle Project

I
I
|
| I NTERA Environnental Consultants, Inc., 1983, Geochenical Mdels Suitable
|
| Managenent Division, Colunbus, Chio, ONW-473, 114 p.

I
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| Parkhurst, D.L., Thorstenson, D.C, and Plumer, L.N., 1980, PHREEQE-

| A Conputer Program for Geochenical Calcul ations: Water Resources

| Investigations Report 80-96, U S. Ceol ogical Survey, Reston, Virginia,
| 210 p.

|

The secondary title is the title inherited from the previous EQ3NR or EQ6 run. The purpose of
the secondary title is to aid traceability.

A detailed description of the remaining parts of the bottom half of the EQ6 input file is eschewed
here, as this half is intended to be created by a previous code run and user modification is
discouraged, except for one block noted below. The overall purpose of the bottom half is to carry
over sufficient information from the previous code run to allow a subsequent, derivative run.
Changing the data here is dangerous because the results may lose validity. In general, only the
most advanced users should consider making changes here. In the Version 7 code (Wolery and
Daveler, 1992), user-made changes here were required to perform fluid mixing calculations. In
the present version, such changes are rendered unnecessary by the new EQ3NR advanced pickup
file option iopt(19) = 3.

The promised exception to user modification lies in the following block:

| Speci es | Option | Alter value |
| (uxnod(n)) | Cukxm(kxmod(n)))| (xIkmod(n))|
| oo |
| Quartz | Suppr ess | 0. 00000E+00|
| Chal cedony | Suppr ess | 0. 00000E+00|
| Tridymite | Suppr ess | 0. 00000E+00|
R G e EEEE RS |
* Valid alter/suppress strings (ukxnm(kxmod(n))) are: *
* Suppr ess Repl ace Augnent LogK *
* Augnent G *

This is the same alter/suppress options block that should be familiar from the discussion of the
EQ3NR input file. Here it is reasonable for the code user to suppress additional minerals,
provided that they have not already formed in an EQG6 run leading to the present one. As minerals
do not actually form in an EQ3NR calculation, one can always suppress additional minerals
when the bottom half of the EQ6 input file is obtained from an EQ3NR “pickup” file. Users
should not here suppress aqueous species, or use any of the alter options. Any such options
should be made in the EQ3NR runs leading to the present EQ6 run.

The principle here is a general one. If the user desires to make an intrinsic change to the
definition of a chemical model made in a previous run, such as changing the activity coefficient
model (iopg(1)) or altering the thermodynamic data, one should always go back and make the
change as early as possible in the chain of runs. This usually means going back and redoing the
EQ3NR run that initiates this chain.

The reader will note that in addition to the alter/suppress options block, other elements appearing

on the EQ3NR input file also appear on the bottom half of the EQ6 input file, including any
generic ion exchanger creation blocks (Sections 3.3.10-3.3.12), both the special and ordinary
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basis switching blocks (Sections 3.3.2 and 3.3.20, respectively), and the iopg activity coefficient
option switch superblock (Section 3.3.16). Some elements of the bottom half of the EQ6 input
files do not appear on the EQ3NR input file. These include blocks dealing with mass balances
and other system descriptors that were calculated in a prior EQ3NR or EQ6 run.

The EQ6 input file ends with the following block:

In reality, this